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The 135 degree neck shaft angle of the 
AltiVate Reverse® allows for a more 
anatomic humeral reconstruction in 
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arthroplasty, while the inlay stem allows 
for easy conversions without overstuffing 
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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

As I write this letter in late March, 2020, our community, our country, and our world are in the 
midst of a global pandemic with enormous impact as healthcare systems, businesses, and indi-
viduals deal with a fast moving, highly contagious, and virulent novel coronavirus, discovered 
in 2019, called COVID-19. This virus is spreading rapidly, and deliberate and strong measures 
are being taken to “fl atten the curve” as suggested by our epidemiologist friends. I hope that 
by the time you read this, the adjustments and precautions taken in mid-March in the U.S. 
will have proven effective, and the threat to our healthcare systems will have eased somewhat.

While many sources remind us that COVID-19 isn’t the fi rst global pandemic – we’ve been 
reminded of the “black death” bubonic plague that ravaged Europe, Africa and Asia in the 
fourteenth century, the cholera pandemic of the mid-nineteenth century, and even the Spanish 

fl u pandemic of the early twentieth century -  it is safe to say that none of us have lived through times such as these. 
“Clean” and “screen” seem to be the prevailing themes for healthcare businesses, and “social distancing” is the new 
norm for day-to-day public interactions. Impact on our businesses and the stock market in the short and long term 
are still unknown. 

I’m reminded of a story from of one of my mentors, Dr. Alvin J. Ingram, one of the world’s leading authorities 
on treating polio in children. He once shared with me the kinds of extreme precautions that he and all healthcare 
providers took when working with pediatric patients with polio. He described that upon returning to his home at the 
end of his workday, he would shed his clothing outside his home, depositing all of it in a special receptacle set aside 
for this purpose. He would “rinse down” in his garage before entering his home. Then, once inside, he would take a 
vigorous and lengthy shower. His clothing would then be bagged up and laundered, and his wife would run a second, 
empty cycle of their washing machine to ‘disinfect’ it. Battling the scourge of polio required extreme measures, but he 
remained dedicated to treating the young children affected by the disease. He continued to carry on with the care of 
his patients and his work to uncover better treatments.  

For me, the situation reinforces the signifi cant value of the scientifi c pursuit of answers and the great respect I have 
for those scientists and physicians who conduct research projects. Since the beginning of time, society has benefi tted 
from those individuals who have an innate curiosity, wondering, “Why is it this way?” These scientists work diligently 
to uncover answers, or to highlight trends that may provide the answers. Just like when British physician, John Snow 
traced the cholera pandemic to a hand-pump well in an impoverished area of London that led to the identifi cation of 
contaminated water as the source for the disease. 

Within the pages of this 6th volume of the Campbell Orthopaedic Journal (COJ), you will learn more about the 
questions orthopaedic surgeons, residents and fellows are pursuing for the benefi t of their patients. Ways to ensure 
better outcomes of orthopaedic interventions.  The projects described herein are the result of a great deal of collabo-
rative work, all done because someone asked, “Why?”

As you enjoy the 2020 edition, I hope that you are inspired to pursue that nagging question you have, and to fi nd 
others to join you in the pursuit. Despite your weariness, I urge you to carry on. Your patients are relying on you. 
Thank you for all that you do.
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The UT-Campbell Clinic Depart-
ment of Orthopaedic Surgery and 
Biomedical Engineering is com-
mitted to signifi cant improvements 
in musculoskeletal health through 
the dedicated efforts of devoted 
faculty, researchers and scientists, 
and health care providers devoted 
to the pursuit of new discoveries. 
There is considerable breadth and 
depth of experience in the De-

partment, with our scientists making genuine progress 
in both translational and basic science pursuits related 
to the genetic, individualized and cellular infl uences on 
bone and soft tissue mechanisms of injury, and healing. 
Their work offers the promise of discoveries that clini-
cians will be able to provide for their patients who are 
limited by musculoskeletal diseases, disorders, and con-
ditions. 

Last year, we welcomed Scott Strome, MD, FACS, 
as the Robert Kaplan Executive Dean of the College 
of Medicine and vice chancellor for Health Affairs at 
the University of Tennessee Health Science Center. Dr. 
Strome comes to the role from the University of Mary-
land School of Medicine where he served as chair of the 
Department of Otorhinolaryngology – Head and Neck 
Surgery, where he was a highly respected cancer surgeon 
and investigator. We were honored to have Dean Strome 
as our Graduation  Keynote Speaker for the Class of 
2019 Resident & Fellow Graduation held in June. Dr. 
Strome spoke to the noble mission of caring for patients, 
combined with advice for the graduates to cultivate a 
dedication to lifelong learning and a commitment to 
give back to their communities.

RESEARCH
As we near the end of the 2019-2020 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. Select publications from this group in 
2019 are highlighted within these pages.

On the clinical side, our research effort has been 
equally impressive, with 111 scientifi c articles published 
in peer-reviewed publications, along with 70 podium 
presentations, and  82 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 randomization, 
to truly provide comparative evidence of therapeutic 
treatments. There is considerable breadth and variety in 
our work, examining the safety and effi cacy of surgical 
procedures performed in an outpatient surgical setting, 
alternative methods of pain management (particular-
ly timely in light of the opioid epidemic in the United 
States), and results with a number of operative interven-
tions to build an impressive array of clinical evidence. 
Our work crosses all orthopaedic subspecialties in pa-
tients of all ages and races, and both genders. Notably, 
we have doubled our industry- and  government-spon-
sored clinical research studies and grants over the pri-
or year.  In support of the additional work, our team 
expanded last year with the addition of a sixth research 
coordinator.  

EDUCATION
Musculoskeletal education from the department oc-

curs at all post-graduate levels, including medical stu-
dents, orthopaedic residents and fellows, engineers, clin-

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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ical and research fellows, scientists and PhD candidates. 
On the scientifi c 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 (Univer-
sity of Memphis) serve as Co-Directors. We are work-
ing on curriculum changes that give 3rd and 4th year 
medical students the ability to participate in 2-week and 
4-week rotations, respectively, in Orthopaedics to allow 
them to determine their interest in this as a career.

Our orthopaedic surgical residency program is ranked 
in the top 10% nationally, with eight residents per class, 
in a fi ve-year program. We are accredited through the 
Accreditation Council for Graduate Medical Education 
(ACGME), and present our students with a greater than 
1:1 ratio of faculty to students. Instruction is provided 
in all orthopaedic subspecialties by fellowship-trained 
orthopaedic surgeons. Dr. Thomas W. 'Quin' Throck-
morton and Dr. Derek M. Kelly ably serve as Program 
Director and Assistant Program Director, and do an 
outstanding job in supervising and advising the resi-
dents. Fellowships in the subspecialties are available, 
and we trained six clinical fellows this year.

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 the 
fall of 2015, we have sustained a Visiting Professor Lec-
ture Series, funded with donor support. This important 
series, which is open to area orthopaedic surgeons, nurs-
es, physicians assistants, engineers and researchers, al-
lows us to supplement the educational experience since 
it brings prominent thought leaders in each orthopaedic 
subspecialty to Memphis for engaging discussions about 
important and challenging issues in orthopaedic subspe-
cialties, and culminates in a lecture on a prominent topic 
within the subspecialty.

We are also hard at work on the fourteenth edition 
of Campbell’s Operative Orthopaedics. This new edi-
tion upholds the intention established by Dr. Willis C. 
Campbell and his partners in 1939 to provide a compre-
hensive overview of every relevant orthopaedic surgical 
procedure performed. We are proud to be known across 
the globe for this effort, and we spend extensive time and 
energy writing this series every four years. 

The department continues to make strong progress 
in education, research and innovation. We are well-posi-
tioned to advance toward the centennial anniversary of 
our residency training program in 2024. Dr. Campbell 
would be proud.
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As we enter this new decade, the 
physicians at Campbell Clinic re-
main dedicated to the standards 
of excellence in patient care es-
tablished by our founder, Willis 
C. Campbell, MD, more than 
110 years ago in 1909. While 
the healthcare environment has 
changed signifi cantly since the 
early years of the twentieth cen-
tury, our commitment to faith, 

family, and patient care remain steadfast. 
At the close of 2019, Campbell Clinic celebrated our 

commitment to providing the very best for our patients 
as we opened our new outpatient center in Germantown, 
Tennessee. This state-of-the-art facility covers four sto-
ries 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 trainees 
in mind. 

Located on fi ve adjacent acres behind our existing 
Germantown clinic, the new facility houses the ACCEL 
program, located in the S. Terry Canale Family Perfor-
mance and Wellness Center. ACCEL offers its members 
facilities and personnel to provide patrons with person-
alized performance training programs designed to en-
sure that they reach their goals – and surpass them. 

The new outpatient center is a destination for muscu-
loskeletal care in our region, and it will serve as a train-
ing ground for future orthopaedic surgeons who will 
shape our specialty worldwide for generations to come. 
The facility includes an expanded physical therapy fl oor 
and an outpatient clinic. The outpatient clinic features 
the James L. Chappuis, MD, Resident & Fellow Study 
Hall, a quiet, light-fi lled space for residents, fellows, and 
others to study, plan and review orthopaedic treatment 
protocols and therapies. A highlight of the building is 
an eight-suite ambulatory surgery center where our phy-
sicians will continue 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 year, 
we have expanded our research into new ways to help 
mitigate surgical patients’ post-operative pain while 
greatly decreasing their dependence on the use of opi-
oids.  Utilizing numerous multimodal pain management 
protocols, we are building clinical evidence to support 
protocols that eliminate or greatly reduce dependence 
upon opioids. Campbell Clinic is determined to be part 
of the solution to the U.S. opioid crisis. We are also 
working on a myriad of projects that seek to defi ne new 
thresholds of bone and soft tissue healing to accelerate 
patients return to an active and pain-free lifestyle. We 
have several prospective, randomized clinical trials un-
derway that compare existing orthopaedic standards-of-
care with new technologies, ever mindful that innova-
tion must only be adopted after the safety and effi cacy 
of it has been soundly established.

We continue to build clinical evidence in support of 
safe and effective total joint, and spine surgeries, per-
formed in an ambulatory surgery center. These surger-
ies, once limited to the inpatient hospital setting deliver 
greater patient satisfaction in a cost effi cient manner, 
and represent the future of orthopaedic surgery. We 
share the results of our research at numerous scientifi c 
conferences throughout the United States and interna-
tionally. 

We continue the legacy begun in 1939 by Dr. Willis 
C. Campbell and his partners to describe every relevant 
orthopaedic surgical procedure in Campbell’s Operative 
Orthopaedics, with the 14th edition to be published this 
year. The entire staff  contributes to this publication, and 
we all appreciate the experienced editorial support pro-
vided by Kay Daugherty and Linda Jones. We are proud 
to be known across the globe through this work. 

We also welcomed two new physicians to our staff. 
Dr. David L. Bernholt and Dr. Stephen T. Brown. Dr. 

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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Bernholt joined the Campbell Clinic family in August 
2019. Dr. Bernholt specializes in sports medicine, with 
a strong interest in clinical research. Dr. Bernholt com-
pleted a Fellowship in Sports Medicine Orthopaedic Sur-
gery at The Steadman Clinic in Vail, Colorado, following 
completion of his orthopaedic residency at Washington 
University in St. Louis, Missouri. Dr. Brown joined the 
Campbell Clinic family in April 2020, and is fellow-
ship-trained in sports medicine primary care. 

As our practice continues to grow, we recently spent 
some strategic time focusing on maintaining our culture. 

The result was a revised Mission Statement and the ad-
dition of a Vision Statement and our Core Values. In 
order to reinforce these messages, we added a Monday 
Morning Message which is emailed to our entire Camp-
bell Clinic and Campbell Foundation family along with 
a quote of inspiration for the week.

P.S.  At the time of this journal going to press, we join 
all of you in working to protect our patients and em-
ployees while providing safe access to orthopaedic care 
for our patients.

Campbell Clinic Mission
The mission of the Campbell Clinic is to provide unsurpassed patient care while being recognized as a leader in 

teaching and research in the profession of orthopaedic surgery.

Campbell Clinic Vision Statement
Another century of world-class orthopaedic care restoring function and quality of life.

Campbell Clinic Core Values
Excellence

We aim to exceed expectations by providing an exceptional patient experience through 
accessible & effi cient quality care, a comfortable and safe environment, and effective communication.

Integrity
We embrace, expect, and exhibit honesty, accountability and professionalism toward 

patients, each other, and outside partners.

Compassion
We commit to cultivating an environment of compassion for each patient and family member through sensitivity, 

sincerity, and empathy.

Innovation
We commit to delivering innovative technologies, products, and services 
through our rich orthopaedic heritage and a strong research foundation.

Commitment
We commit to each other, to excellent patient care, to education, to innovation and research, 

to community service, and to orthopaedic leadership.

Legacy
We will do what is right for the Campbell Clinic, our patients, and our employees.

Unity
Everything we do, we do together.
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For nearly 100 years, the 
Campbell Clinic, in conjunction 
with the University of Tennes-
see-Campbell Clinic Department 
of Orthopaedic Surgery and Bio-
medical Engineering, has been 
proud to train orthopaedic sur-
geons from all over the country 
and, indeed, all over the globe. 
Over 575 orthopaedic surgeons 
have trained at our institution 

and our graduates include 7 presidents of the American 
Academy of Orthopaedic Surgeons (AAOS), 7 directors 
of the American Board of Orthopaedic Surgery (ABOS), 
4 presidents of the American Orthopaedic Association 
(AOA), and numerous presidents of subspecialty societ-
ies. Surgeon education is a hallmark of our program, and 
the staff, in addition to our responsibilities for teaching 
our residents, continue to author Campbell’s Operative 
Orthopaedics, now preparing its 14th edition. While or-
thopaedic knowledge continues to expand, our educa-
tional goal has remained constant: to produce excellent, 
well-rounded orthopaedic surgeons who have the oppor-
tunity 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 continuously intersect, we 
have augmented our curriculum with business training 

and an awareness of quality and value as they pertain to 
orthopaedic care.

Additionally, we have focused on strengthening and 
building our clinical and biomechanical research infra-
structure, which includes multiple research nurse coordi-
nators, 2 research fellows, database access to track patient 
outcomes, our outstanding editorial staff, 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 funding from both inter-
nal and external sources to conduct these studies, in ad-
dition to additional extramural (NIH, NSF, etc.) awards 
among our basic science research staff. We remain com-
mitted to sharing our research at regional, national, and 
international meetings, and in academic and scientifi c 
publications. In short, orthopaedic research 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, Uganda, 
the Dominican Republic, and, this year, Ghana. In this 
way, we imbue a commitment to community service with-
in our residents.

This year, we will celebrate the graduation of our 95th 
residency class, whose members are profi led within this 
publication. We are very proud of these eight orthopaedic 
surgeons. Their senior research efforts are depicted within 
these pages, and thousands of patients will benefi t from 
the clinical discoveries these projects have yielded. Simul-
taneously, I am pleased to recognize the incoming Class 
of 2025 which will begin training in July. We are confi dent 
these exceptional young physicians will continue the tra-
dition 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



 OFFER ZILRETTA 
TO YOUR PATIENTS

Learn more at ZilrettaPro.com

© 2019 Flexion Therapeutics, Inc. All rights reserved.
ZILRETTA is a registered trademark of Flexion Therapeutics, Inc.
March 2019. Z-00453v2A

Client: Flexion Finished Size: 8.5" w x 11" h Colors: 4C

Product: Zilretta Bleed: 8.375" w x 11.125"h

Client Code: Z-00453v2A Trim: 8.125" w x 10.875" h

Date: April 2, 2019 12:07 PM Safety: 7.375" w x 10.125" h FR Spellcheck: Studio

Path: PrePress:Flexion:Zilretta:11138928_ReminderAds_Update:Z-00453v2A_11138928_JSOA_ReminderAd_FR

11138928 JSOA Reminder Ad

S:7.375"

S:10.125"

T:8.125"

T:10.875"

B:8.375"

B:11.125"

Z-00453v2A_11138928_JSOA_ReminderAd_FR.indd   1 4/2/19   12:09 PM



20

CAMPBELL ORTHOPAEDIC JOURNAL  •  VOLUME 6, 2020

Joseph A. Bosco, MD, is an 
attending surgeon at NYU Lan-
gone Medical Center in New 
York City. He specializes in knee 
and shoulder conditions, primar-
ily sports-related injuries and 
total knee replacements. Along 
with his work at NYU Medical 
Center, Dr. Bosco is a Professor 
of Orthopaedic Surgery at the 

NYU School of Medicine. 
Dr. Bosco was installed as the President of the Amer-

ican Academy of Orthopaedic Surgeons (AAOS) in 
2020. Originally from Englewood, New Jersey, Dr. Bosco 
attended college at Union College (Schenectady, 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 Car-
olina, Chapel Hill. Dr. Bosco completed a Fellowship in 
Adult Reconstructive Surgery at the University of Ari-
zona, 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 Orthopaedic Society for Sports Medicine 
(AOSSM), as well as serving as the President of the 
Board of Directors for the Orthopaedic Learning Cen-
ter (OLC) at AAOS. Dr. Bosco has also been active on 
the board of the New York State Society of Orthopae-
dic Surgeons, serving as both Treasurer and Secretary.  

Dr. Bosco is an active researcher, with a focus on 
quality of care, treatment outcomes, health care dis-
parities, and patient safety, particularly with regard to 
infection control. He has published more than 250 sci-
entifi 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 replacement 
implants. During the 2019 Ingram Memorial Lecture, 
Dr. Bosco’s Keynote Address, “Value Creation in Total 
Joint Arthroplasty,” highlighted the latest innovations 
delivering value. He also participated in an Expert Panel 

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 project, and 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.   
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

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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Georgia orthopedic surgeon 
Daniel K. Guy, M.D. specializes 
in hip and shoulder surgery, and 
sports medicine. He is in private 
practice at Emory Southern Ortho-
pedics in LaGrange, Georgia and is 
on staff  at WellStar/West Georgia 
Health System.

Dr. Guy was installed as the 
First Vice President of the Ameri-
can Academy of Orthopaedic Sur-
geons (AAOS) in 2020, and will 

ascend to the Presidency at the 2021 Annual Meeting. He re-
ceived his Bachelor of Science from Murray State University 
in Murray, Kentucky and earned both a Master of Science 
and a Medical Degree from the University of Louisville. Dr. 
Guy completed his orthopedic residency at the University of 
Texas Health Science Center in San Antonio, Texas, where he 
served as Chief Resident. During his training, he also served 
in the U.S. Army Reserves beginning in 1976 and was Honor-
ably Discharged from the Medical Corps with a rank of Cap-
tain in 1989. After residency, he completed an A-O fellowship 
in adult reconstruction at the Inselspital in Bern, Switzerland.

In 1992, Dr. Guy became a Fellow in the American Acad-

emy of Orthopaedic Surgeons (AAOS). He was elected to 
the Board of Councilors in 2010 and served as Secretary 
in 2015-16, and then Chair in 2017-18. In addition, he has 
served on the AAOS Board of Directors, the AAOS Council 
of Research and Quality, Council on Education, Council on 
Advocacy and the Publications Committee. Dr. Guy is a dip-
lomate of the American Board of Orthopaedic Surgery and is 
a member of the Alpha Omicron Alpha Medical Honor So-
ciety. He is past president and board member of the Georgia 
Orthopaedic Society.

Clinically, Dr. Guy has a special interest in Shoulder and 
Hip Surgery as well as Sports Medicine. He has taken a partic-
ular interest in Advocacy at the local, regional, and national 
level, ensuring access to orthopaedic specialized care for pa-
tients. He enjoys traveling, sports, reading and outdoor activ-
ities. He actively participates in his community as team phy-
sician to three local high schools and two colleges, and as an 
elder at First Presbyterian Church in La Grange, Ga. Dr. Guy 
and his wife Jill have two children and three grandchildren.

Dr. Guy’s Keynote Address during the 2020 Ingram Me-
morial Lecture will be “History of Orthopaedics,” and he will 
join an Expert Symposium on Advocacy and will provide per-
spectives on advocacy at the national level from the American 
Academy of Orthopaedic Surgeons.

Daniel K. Guy, MD

2020 Alvin J. Ingram, MD Memorial Lecture   •   June 29, 2020
Distinguished Professor: Daniel K. Guy, M.D., FAAOS 

Emory Southern Orthopedics
Medical Director, Emory Surgery Center at La Grange

Attending Orthopaedic Surgeon, WellStar/West Georgia Health System 
La Grange, Georgia

Symposium during which he shared “Crystal Ball Pre-
dictions for Total Knee Arthroplasty.”

Another highlight of the 2019 Ingram Lecture was 
the presentation of the research of our graduating class 
of residents. Resident research at the Campbell Foun-
dation is only possible through donor support. These 
fi nancial gifts offset the costs of research, including sup-
plies, testing equipment and support personnel. In addi-
tion, through a gift from the family of Dr. Hugh Smith, 
the Hugh Smith Research Award is presented each 
year during the Ingram Lecture to one of the gradu-
ating residents. Dr. Hugh Smith, a former Campbell 
Clinic Chief of Staff, and one of the founders of the 
Campbell Foundation, believed strongly in the power 
of innovation to unlock solutions to challenging clinical 

programs. Dr. Smith recognized the signifi cant role that 
research can play in developing new surgical techniques 
and implants that will lead to a better quality of life for 
patients, and his family wanted to formally celebrate 
recognize the importance of ongoing research through 
this award. 

A panel of Ingram Lecture faculty judges evaluated 
each presentation based upon the design, content, and 
originality of the research, clinical signifi cance and po-
tential for publication in a peer-reviewed journal. The 
2019 Hugh Smith Presentation Award was presented to 
Dr. Kirk M. Thompson, for his presentation entitled 
“Pre-operative Narcotic Use is Associated with Markedly 
Inferior Outcomes After Anatomic Total Shoulder Ar-
throplasty: A Clinical and Radiographic Analysis.”   
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Dedicated Professorship:

The James H. Beaty, MD Visiting Professorship
in Pediatric Orthopaedics 
Sponsored by the Pediatric Or-

thopaedic Faculty of Campbell 
Clinic, with support from alumni 
and friends, the James H. Beaty, 

MD Visiting Professorship in Pediatric 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 America 
and the American Academy of Orthopaedic 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 offi cially 
endowed and named in honor of Dr. James H. Beaty. 
Two James H. Beaty, MD Visiting Professors came to 
Memphis in 2019. Steven L. Frick, MD, 2018-2019 
POSNA President and Professor of Orthopaedics at 
Stanford University was the inaugural Visiting Profes-
sor on February 12, 2019. Dr. Frick kicked off  the series 
with a fantastic interview of Dr. Beaty, done in the style 
of “Inside the Actor’s Studio.” Following the interview, 

Dr. Frick’s Keynote address was “Decision Making in 
Developmental Dysplasia of the Hip,” during which he 
included pearls and pitfalls from his experience caring 
for children with DDH. The day included case presenta-
tions from Campbell Foundation residents and a “Turn 
the Tables” case discussion during which Dr. Frick pre-
sented challenging cases from his experience.

The Beaty Professorship continued on October 24, 
2019 with a visit from Dr. Stephen A. Albanese, MD, 
Professor and Chairman, Department of Orthopaedics, 
SUNY Update Medical University, Residency Program 
Director, and 2019-2020 President of POSNA. The Pro-
fessorship followed a similar format with a Keynote  
Address from Dr. Albanese, followed by an engaging 
case presentation discussion period. Dr. Albanese pre-
sented an intriguing overview of his observations from a 
lifetime treating pediatric scoliosis, through his Keynote 
entitled “Long Term Outcome After Posterior Fusion for 
Adolescent Idiopathic Scoliosis.” 

The afternoon provided ample opportunity for aca-
demic exchange, and it was a fi tting way to honor Dr. 
James H. Beaty, a legend in the fi eld of pediatric ortho-
paedics.

The James H. Beaty Visiting Professorship in Pediat-
ric Orthopaedics will annually highlight a leader in the 
fi eld, and will bring new perspectives to residents and 
fellows, medical students, healthcare providers, ortho-
paedic surgeon faculty and others in the community in-
terested in and providing orthopaedic care to children.

Steven L. Frick, MD
2018 – 2019 POSNA President
Professor & Vice Chairman
Department of Orthopaedic 
Surgery
Stanford University School of 
Medicine
February 21, 2019

Stephen A. Albanese, MD
2019 – 2020 POSNA President
Professor & Chairman
Residency Program Director
SUNY Upstate Medical 
University
October 24, 2019
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2020 Campbell Foundation & UT-Campbell Clinic 
Department of Orthopaedic Surgery & Biomedical Engineering 

Visiting Professor Lecture Series: Schedules of Lectureships and Conferences

Dedicated Lectureship Series:

Dean G. Sotereanos, MD
“Distal Radioulnar Joint Arthritis”

Orthopaedic Specialists
University of Pittsburgh Medical Center

Pittsburgh, Pennsylvania
January 22, 2020

MidSouth Hand Club
Napa Cafe

Memphis, Tennessee

 Mark A. Frankle, M.D.
"Trials & Tribulations of Bringing the Reverse Total Shoulder to the U.S."

American Shoulder & Elbow Surgeons
Chief, Shoulder & Elbow Service

Florida Orthopaedic Institute/ Foundation for Orthopaedic Research 
and Education (FORE)

Shoulder & Elbow Fellowship Director
Assistant Editor, JSES

Associate Editor, Journal of Shoulder & Elbow
January 23, 2020

Folk’s Folly Restaurant
Memphis, Tennessee 

Alvin J. Ingram, M.D. Memorial Lecture

Daniel K. Guy, MD, FAAOS - Keynote Speaker
"History of Orthopaedics”

Emory Southern Orthopedics
 Medical Director, Emory Surgery Center at La Grange

Attending Orthopaedic Surgeon, WellStar/West Georgia Health System
La Grange, Georgia

PLUS
Evaluating & Acquiring New Technology: 

Perspectives from Key Stakeholders (A Panel Discussion)
Presentations by the Class of 2020 Residents

And an Expert Panel on Orthopaedic Advocacy
June 29, 2020

The Zone, FedEx Institute of Technology
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Within the Campbell family, we 
monitor our research activity us-
ing a metric we call the “3 P’s” 
– which stands for publications, 
presentations, and posters – in 
peer-reviewed journals and in 
scientifi c or academic confer-
ences. This measurement, the 
“3Ps,” serves as a proxy for our 
impact, describing the number 
of venues and journals in which 

we share our discoveries. Like many other institutions 
who report similar metrics, it is helpful to monitor re-
search performance over time in order to ensure that 
steady progress is made. 

However, as I refl ected on research at the Campbell 
Foundation, I was struck by three different “Ps” about 
research – namely the path, the pace, and the point of 
research. 

I have worked with the team at Campbell Clinic for 
my entire tenure within the orthopaedic fi eld (nearly 
forty years). And, I have been privileged to serve as the 
Chairman of the Board of the Campbell Foundation 
for the latter half  of that time, thus I have the benefi t 
of the long view. What I’ve observed over that time has 
been a steady pursuit of continuous improvement. A 
consistent path of  measuring and monitoring results, es-
pecially post-surgical results. Perhaps because they are 
an academic practice, but Campbell Clinic surgeons de-
liberately review outcomes, and make course corrections 
as needed. Furthermore, they share their fi ndings with 
the world by publishing those results.

In terms of pace, “sure” and “steady” are the terms 
that come to mind. When reviewed in isolation, it seems 
that some research projects take a really long time. For 
example, when a surgeron review post-surgical results of 
joint replacements he’s performed, it is possible to look 

at results in the 90-day post-surgical episode of care (the 
global period). However, it is often more meaningful 
to look at the results over the longer term – two year 
follow-up at a minimum - and that kind of project can 
take fi ve years or more. Viewed though this lens, the 
pace of  research can seem slow, but the magnitude of 
the changes become more apparent. 

Progress and discoveries made through steady ortho-
paedic research are nothing short of amazing. Major 
surgeries like total joint replacement and complex spi-
nal procedures once required a week-long hospital stay, 
but are now done in the outpatient setting, with patients 
going home within a few hours of their procedure. Re-
search into ways to control post-surgical pain, blood 
loss, and infection, as well as protocols for diagnosis, 
patient selection and surgical techniques have built ex-
tensive clinical evidence to assure the safety and effi cacy 
of this approach. Furthermore, technologies used today 
including peri-operative measures, but also the use of 
advanced implant designs and orthobiologic solutions, 
have dramatically changed how orthopaedic conditions 
and injuries are treated. These advancements have come 
as a result of steady, deliberate, and consistent research 
– over decades.

Which brings me to the point of  all this. When I speak 
to Campbell Clinic surgeons about their research, sim-
ilar themes emerge. These doctors have an innate curi-
osity about why things are the way they are. Why some 
patients achieve excellent outcomes and others less so, 
for the same type of intervention. Why there is variation 
in surgical recovery rates for some patients compared 
with others. Why results among patients operated on in 
Memphis, TN, differ from results reported from other 
parts of the US or the world. And, most important of 
all, how the doctors can ensure that each patient has a 
chance for the very best outcome. Even things like mea-
suring and monitoring patient-reported outcomes – not 

Campbell Foundation Achievements

Jack R. Blair
Chairman, Board of Trustees
Campbell Foundation
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just what the surgeon sees when he or she looks at the 
x-rays – but how the patient feels about the result of the 
orthopaedic intervention provide evidence of genuine 
progress.  

That, it seems, is the point of all this work. 
Taken altogether, these three Ps – a steady path, a 

consistent pace, focused on the point of improvement 
for all – lead to progress. 

As you review the research described in these pages, 
you will see that these three “Ps” are alive and well at 

Campbell Clinic. Donors to the Campbell Foundation 
have enabled these projects. 

For this, I thank you, and wish to assure you that 
your support of our research has made tremendous 
progress possible.

Jack R. Blair, Chairman
Campbell Foundation Board of  Trustees 



BENEFITS OF ENDOSCOPIC 
SPINE SURGERY*
• Much lower infection rates 
• Tissue and muscle sparing 
• Shorter hospital stays  
• Faster recovery  
• Small incision  
• Less scarring 
• Reduced bleeding  
• Less complications 
•  Less post-operative pain means  
no opioids needed

•  Local anesthesia with sedation  
in an outpatient setting

*REFERENCES:
Gibson, JN., Subramanian, A., and Scott, C. (2016). A randomized controlled trial of transforaminal 
endoscopic discectomy vs microdiscectomy. European Spine Journal. DOI 10.1007/s00586-016-4885-6.

Zhimin, P., Yoon, H., Seong, Y., and Kai, C. (2016). Efficacy of Transforaminal Endoscopic Spine  
System (TESSYS) Technique in Treating Lumbar Disc Herniation. Medical Science Monitor, 22: 530-539.

Additional reference articles available at: https://www.joimax.com/us/professionals/literature_studies/

THE

LIKE YOU’VE NEVER SEEN IT BEFORELIKE YOU’VE NEVER SEEN IT BEFORE

www.joimax.com
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CAMPBELL PRESENCE 
ACROSS THE GLOBE

NEARLY A DECADE OF MEDICAL MISSION

INTERNATIONALLY AND LOCALLY

In 2012, Daniel Shumate, Campbell Clinic CFO, 
was inspired by a local business leader to “Do what 
you can and serve where you are.” With that mo-
tivation, and to honor his wife, Shumate founded 
the Molly Shumate Community Service Scholar-
ship at the Campbell Foundation to sponsor medi-
cal missions nationally and internationally as a way 
to provide excellent orthopaedic care to patients in 
need - here and across the globe. Shumate stated, 
"I wanted to help patients who needed orthopae-
dic care, but I'm not a physician. I thought, 'What 
can I do? What are my talents and how can I use 
them? I knew I didn't have the skill set to do medi-
cal missions myself, but I had access to people who 
could.’" 

Thanks to the scholarship, eight orthopaedic 
surgery residents in training at the Campbell Foun-
dation and one international orthopaedic resident 
have participated in this educational exchange and 
medical mission. We’ve built educational connec-
tions with outposts in the Dominican Republic, 

Guatemala, Honduras, Nicaragua, Tanzania, and 
Uganda. During each trip, our residents have been 
able to deliver critical medical supplies, including 
vital orthopaedic implant sets, and additional op-
erating room supplies. Furthermore, they share in-
sights and information about the very latest surgical 
techniques and research to optimize orthopaedic 
outcomes. It is a bit like the proverb: “If  you give a 
man a fi sh, he will eat for a day, but if  you teach a 
man to fi sh, he will never go hungry.” One of our 
in-country partners estimates that each volunteer 
teaches and trains, on average, 15 local providers 
during every mission trip. Using this average, since 
inception, we’ve trained 120 healthcare providers 
through this initiative.

So many things that surgical teams in the U.S. 
take for granted require deliberate measures in 
developing and underserved countries. The agen-
cies we’ve partnered with have well-organized in-
frastructures and, are dedicated to improving the Dr. Catherine Olinger, Class of 2020, with Keyfren

Dr. Derek Kelly and Dr. Brian Madison with a young patient in 
Memphis
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availability and quality of health care through the 
education, training and professional development 
of the health workforce in resource-scarce coun-
tries. 

Our residents reported assessing between 250 
– 600 patients during each medical mission, and 
operating on approximately 200 patients each trip, 
on average.

 This international medical outreach has trans-
formed the lives of many – people like 8-year-old 
Keyfren, a boy in the Dominican Republic who had 
surgery on his hand to correct a congenital defor-
mity  - a condition that would have been corrected 
while Keyfren was an infant if  he had been born 
in the U.S. Keyfren’s joy after the surgery was pal-
pable, reported Dr. Catherine Olinger, the 2018-19 
Molly Shumate Scholarship winner, since Keyfren 
would be able to play baseball, a dream of his. Dr. 
Zachary Pharr shared stories of ACL reconstruc-
tions on Guatemalan residents David Carlos and 
Alfredo Bautista, two construction laborers who 
needed the surgery to return to work to provide for 
their families. Hundreds of stories like these have 
emerged from these medical missions. 

Further, because of the educational “bridge 
building” during Dr. Sean Calloway’s mission trip 
to Tanzania in early 2016, Dr. Brian Madison, a 

young resident in training at the Kilimanjaro Chris-
tian Medical Clinic, traveled to the United States 
and trained with the team at Campbell Clinic for 
six weeks. During his time here, spent primarily at 
Regional One Health (“The Med”) and Le Bon-
heur Children’s Hospital, Dr. Madison observed 
hundreds of pediatric orthopaedic and orthopae-
dic trauma surgeries. Following his return to train-
ing in Tanzania, Dr. Madison shared information 
about “the Campbell way” of treating orthopaedic 
injuries. A year after his training in the U.S., Dr. 
Madison graduated from residency, and returned 
to the country of his birth – South Sudan – where 
he became the third residency-trained orthopaedic 
surgeon serving the country of 12 million people.

The experience is life changing for the trainees, 
too. Dr. Sean Calloway, Class of 2016 and a schol-
arship winner stated, "I gained great insights into 
what makes this kind of enterprise successful. It is 
more than just a 'come in and cut' mentality. Much 
like orthopaedic training in the United States, res-
ident education is critical. I am so grateful for this 
experience. I know that this is one way that I will 
work to continue to give back. We are so fortunate 
in the U.S., and this is one small thing we can do to 
make a difference in the world."

In early 2020, Dr. Carson Rider, Class of 2020, 
traveled with Health Talents International to the 
Montellano Clinic in Guatemala. Dr. Rider was a 

Dr. Carson Rider with a patient from the Montellano Clinic

Dr. Carson Rider with some new friends from Montellano
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Since inception, the Molly Shumate Community Service Scholarship has enabled the following trainees to deliver 
vital orthopaedic care to people across the globe. Listed below are the Scholarship recipients, along with their 
graduation year and the location of their mission and the name of the local partner agency. Donor support sustains 
this effort.

member of a 60-person medical team that provided 
orthopaedic and ophthalmologic care to residents 
in the city. “It was an amazing experience,” Dr. Rid-
er shared. “In this small way, we were able to help 

people return to more active lives – in most cases, 
providing for their families. The experience was 
both humbling and gratifying.” 

Mission Year Scholarship Winner, Class Year Mission Location & Local Agency

2013 Robert F. Murphy, MD, 2014
Managua, Nicaragua with Health Volunteers 
Overseas (HVO)

2014 Collin C. Bills, MD, 2016
Montellano, Guatemala with Health Talents 
International (HTI)

2015 Eric N. Bowman, MD, 2017
Tegucigalpa, Honduras with Global Health 
Outreach (GHO)

2016 Sean P. Calloway, MD, 2016
Moshi, Tanzania with Health Volunteers 
Overseas (HVO)

2016 Brian Madison, MD
From South Sudan, 6-week experience in 
Memphis, TN

2017 D. Christopher Carver, MD, 2018
Kampala, Uganda with Health Volunteers 
Overseas (HVO)

2018 Zachary K. Pharr, MD, 2020
Montellano, Guatemala with Health Talents 
International (HTI)

2019 Catherine R. Olinger, MD, 2020
Santiago, Dominican Republic with the 
Institute for Latin American Concern 
(ILAC)

2020 Carson M. Rider, MD, 2020
Montellano, Guatemala with Health Talents 
International (HTI)
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produce high-integrity hemostatic 
sealing of soft tissue and bone in  
orthopedic procedures. 

Operating at almost 200° C less than 
traditional electrosurgery, Aquamantys™ 
devices produce nearly negligible smoke 
and have an increased depth of effect with 
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Connections & Vision
Provide Hope for Children with Cerebral Palsy

Call it “six degrees of separation” or the “ripple ef-
fect,” but one seldom recognizes how events and circum-
stances may be connected while experiencing them. With 
hindsight though, the connections become apparent and 
the opportunities they represent become visible.

It is this sort of  ‘ripple effect’ that led to the forma-
tion of  a multidisciplinary center of  care for children 
with cerebral palsy at Le Bonheur Children’s Hospi-
tal. Led by a team from Campbell Clinic, the Center 
opened in January 2018, following a transformational 
gift in late 2017.

Here’s some background from a few years ago. In 
2013, the Campbell Clinic pediatric orthopaedic sur-
geons decided to invite opinion and thought leaders in 
the pediatric orthopaedic world to Memphis to speak 
to the faculty, residents and fellows of the Campbell 
Foundation program who work with pediatric ortho-
paedic patients. Because of the reputation of the Camp-
bell pediatric orthopaedic staff  and their contributions 
to the pediatric orthopaedic fi eld, each year, they were 
able to secure ‘the best of the best” pediatric orthopae-
dic speakers – typically, the president of the Pediatric 
Orthopaedic Society of North American (POSNA) – to 
come and speak in Memphis. It became a highlight of 
the academic year to hear from such prominent leaders, 
speaking on a variety of important topics in pediatric 
orthopaedics.  

So it was that Dr. James McCarthy, 2016-17 POSNA 
President, came to Memphis in early 2017 to speak to 
the group. Dr. McCarthy described the organization 
and approach to the care and treatment of children with 
cerebral palsy within the Cincinnati Children’s Hospi-
tal structure, in an address entitled, “The Orthopaedic 
Evaluation and Treatment of Children with Cerebral 
Palsy.” He spoke of a multidisciplinary effort, with spe-
cialits working in concert, to provide comprehensive, 
coordinated care plans for children with cerebral palsy. 
He described a system wherein the orthopaedic surgeon 
serves as the ‘quarterback’ of a team comprised of or-
thopaedic surgeons, physical, speech, and occupational 
therapists, physiatrists, neurosurgeons, neurologists, and 
others working together for each child.

Following Dr. McCarthy’s lecture, a development of-
fi cer for the Campbell Foundation privately asked the 
two most senior pediatric orthopaedic surgeons, “Is this 
how we do it here?” They somewhat reluctantly replied, 
“Not exactly.” They acknowledged that the individual 
resources existed in Memphis, but coordination of care 
was somewhat lacking, as the specialists sometimes 
worked in ‘silos.’

Then, in another ripple, one month after Dr. McCa-
rthy’s presentation, a timely call came to the Campbell 
Foundation that would foster yet another connection. A 
member of the Board of the Children’s Foundation of 
Memphis contacted the Campbell Foundation to share 
their intention to celebrate the centennial anniversary 
of the two organizations’ shared legacy – their connec-
tion. A century earlier, women of Calvary Episcopal ap-
proached Willis C. Campbell, M.D., founder of Camp-
bell Clinic, because they wanted to buy a wheelchair for 
a crippled child. He challenged them to dream big, and 
actually build a hospital for these kids. He pledged care 
from Campbell Clinic surgeons, and even gave a do-
nation of $10,000 (over $200,000 in today’s dollars) to 
kick off  their fundraising drive. With their shared com-
mitment to the cause, in only a few years, the Crippled 
Children’s Hospital was born. The hospital had ongoing 

Pediatric Orthopaedic Surgeon William C. Warner, Jr., M.D. examines 
a child in the Center of Excellence for Cerebral Palsy Care and 
Research, while a parent and a physical therapist look on
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operations for more than sixty years. In the early 1980s, 
when the hospital was sold, the proceeds formed The 
Children’s Foundation of Memphis. 

After the Children’s Foundation call in early 2017, the 
senior pediatric orthopaedic surgeons began to dream of 
building a multidisciplinary center for treatment of chil-
dren with cerebral palsy similar to the one Dr. McCarthy 
described. One that would treat the whole child by bring-
ing together the multiple medical professionals required. 
They dared to ‘dream big,’ and imagine a better solution 
for children with cerebral palsy; a solution that would be 
world-class. The plan was presented to the board of the 
Children’s Foundation of Memphis in Spring 2017. 

Inspired by the new vision, a million dollar grant 
celebrating their shared centennial was awarded from 
the Children’s Foundation of Memphis to the Camp-
bell Foundation for the development of a Center of 
Excellence in Cerebral Palsy Care and Research, which 
opened in January 2018. 

“There are approximately 35,000 children in our tri-
state region living with a diagnosis of cerebral palsy 
(CP) or other neuromuscular condition,” said Dr. Wil-
liam Warner, Campbell Clinic pediatric orthopaedic sur-
geon. “The complex medical care these children require 
is daunting, extensive, and less coordinated than it could 
be — there’s a gap,” he said. “Children in our communi-
ty with CP and other neuromuscular conditions deserve 
a chance to grow to their fullest potential and thrive. In 
some cases, independent living will be possible, and for 

others, pain free mobility and a full life is the goal. We 
knew we needed to close the ‘gap’ in our community.” 

“By assessing “best in class” cerebral palsy facilities 
across the U.S., we identifi ed key factors for success,” 
added Dr. David Spence, another of the Campbell Clin-
ic pediatric orthopaedic surgeons directing the center. 
“We plan for our center to be one of the leading clinics 
in the nation. By bringing all of the healthcare provid-
ers together in this Center, these kids and their families 
will have a much better chance at a good outcome. We 
want to surround the families with the care, resources 
and support they need to allow their child to develop to 
his or her greatest potential.” 

Since opening the Center, the team has conducted 
more than 500 multidisciplinary patient visits – provid-
ing children with cerebral palsy and their families with 
comprehensive, coordinated care plans, and with hope.

All because of a ripple. 
It is amazing to see, in hindsight, how connected we 

truly are. These connections are powerful, and when 
combined with a big vision, amazing things can happen. 
We only have to look for the opportunity.

The medical team uses bubbles to focus the attention of the child 
during an appointment in the Center of Excellence for Cerebral 
Palsy Care and Research

The medical team uses bubbles to focus the attention of the child 
during an appointment in the Center of Excellence for Cerebral 
Palsy Care and Research



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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CAMPBELL CLINIC
HISTORY OF A MAN, A BOOK, A BUILDING AND MORE

Dr. Willis C. Campbell began the practice of ortho-
paedic surgery in Memphis, TN in 1909. Dr. Campbell’s 
fl agship clinic was conveniently located at 869 Madison 
Avenue, across from the John Gaston Hospital, in the 
heart of the city and near the University of Tennessee 
Medical School, now known as the University of Ten-
nessee Health Science Center (UTHSC). Campbell Clin-
ic operated from that location until 1998, with satellite 
offi ces at various times throughout the city.

In the early twentieth century, the specialty of 
orthopaedics was in its infancy and very small. Every-
body knew each other. Dr. Campbell realized that and 
successfully recruited the top prospects in orthopaedics. 
Suddenly, it was no longer Campbell’s Clinic (a one-man 
operation) but “The Campbell Clinic”.

Dr. Campbell, along with six other colleagues, was 
instrumental in the formation of the American Acade-
my of Orthopaedic Surgeons (AAOS), a fl edgling acad-
emy with a simple purpose to facilitate sharing of or-
thopaedic knowledge without exception. Dr. Campbell 
served as the fi rst elected president in 1933. The AAOS 
now has more than 39,000 members – called Fellows – 
from across the globe, and is the largest medical associ-
ation of musculoskeletal specialists in the world. Many 
of Campbell Clinic’s early staff  followed Dr. Campbell’s 

example of leadership and service to the profession. Six 
other Campbell Clinic surgeons and one alumnus of 
the training program have served as AAOS President 
since Dr. Campbell – more than any other institution 
in the United States. The clinic staff  have been honored 
to serve as presidents or chairmen of other associations 
such as the American Orthopaedic Association (AOA), 
the Orthopaedic Research & Education Foundation 
(OREF), the American Board of Orthopaedic Surgery 
(ABOS), the Journal of Bone & Joint Surgery (JBJS), 
and numerous other orthopaedic specialty societies. 

Dr. Campbell extended 
his commitment to surgeon 
education with the genesis 
of a textbook dedicated to 
describing every relevant or-
thopaedic surgical procedure 
known. The resulting work, 
Campbell’s Operative Ortho-
paedics, was fi rst published 
in 1939, and was distribut-
ed to every U.S. fi eld hos-
pital during World War II, 
and thus became known as the “Bible” of orthopaedic 
surgery.  Now in its 14th edition, Campbell’s Operative 
Orthopaedics has been translated into eight different 
languages and remains the number one selling ortho-
paedic textbook in the world. A special thanks to Kay 
Daugherty and Linda Jones, Associate Editors, who are 
responsible for organizing the effort, providing brevity 
and clarity to the surgeons’ words, and generally “herd-
ing the cats” to remain on task and on time. Dr. Alvin J. 
Ingram, former Campbell Clinic Chief of Staff, used to 
say that “the Book is what sets us apart from just anoth-
er large orthopaedic clinic.”

As the orthopaedic specialty grew, the reputation of 
Campbell Clinic did as well. In the ‘50s and ‘60s, many 
big names in orthopaedics wore the “Campbell tartan” 
green and treated patients in the tall brick building at 869 
Madison. Names like Speed, Hamilton, Boyd, Smith, 

S. TERRY CANALE, M.D.
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Ingram, Stewart, Calandruccio, Sage, Milford, Tooms, 
and Edmonson were the pioneers of Orthopaedics, not 
only in Memphis, but also throughout the country. 

Stories from the early days at 869 Madison have be-
come legendary – not only due to the orthopaedic ad-
vances within – but also the day-to-day routines and tra-
ditions from the original clinic building. Tales of being 
stuck in the rickety elevators combine with special mem-
ories from the cafeteria including the purple sheen on 
the roast beef and the “fat pills” dripping in deep-fried 
grease – so unhealthy but devoured by staff  and trainees 
alike. Some of the present surgical staff  who grew up 
at Campbell Clinic as chil-
dren of Campbell Clinic 
partners have admitted 
that, as very young chil-
dren, they thought Camp-
bell Clinic was a restau-
rant until they learned 
what else happened in that 
grand building.  

After Dr. Campbell’s 
death in 1941, his clin-
ic partners founded the 
Campbell Foundation in 
1946, and donated the clin-
ic building at 869 Madison 
to the Campbell Foundation. The mission of the Founda-
tion is to enhance the quality of life through the science of 
orthopaedic medicine, and remains dedicated to surgeon 
education, orthopaedic research, and community out-
reach healthcare – all hallmarks of Dr. Campbell’s legacy.

By the late ’80s and 90’s, the clinic was getting nation-
al and international referrals and seeing many grateful 
patients. It became apparent that a large portion of the 
population of Memphis was rapidly moving east, and 
the clinic was at risk of losing market share despite the 
international reputation. Campbell Clinic opened satel-
lite offi ces in Mississippi and even an offi ce at the Uni-
versity of Tennessee, but the reality was that Campbell 
Clinic’s base of operations had to “go east, young man, 
and move from 869 Madison.” 

In 1992, clinic leaders purchased a 10-acre parcel of 
land in Germantown, then a modest suburb on the east-
ern border of Memphis. Thanks to lots of hard working 
staff, a new sparkling and luxurious “bone palace” rose 
up at 1400 S. Germantown Road, a street that was home 
to little else besides gas stations and video rental shops. 

At the time, it was a risky move, since the clinic was all 
alone in that portion of the county. However, the ambi-
tious vision of the leaders of the Clinic was proven to be 
wise, as Campbell Clinic now anchors a large medical 
corridor on the eastern edge of Memphis. The original 
clinic at 869 Madison closed its doors in 1998. The for-
mer clinic site is now home to a UTHSC parking garage, 
but bears a large granite marker on its southwest corner 
commemorating the original Campbell Clinic location. 

Since the Germantown clinic opened, four other satel-
lite locations in Tennessee and Mississippi followed, and 
Campbell Clinic’s market share grew by a whopping 25%. 

As outpatient surgery and 
MRI grew, and because of 
the extra land, Campbell 
Clinic added a freestand-
ing ambulatory surgery 
center and imaging capa-
bilities to the Germantown 
base of operations. 

Drs. Ingram, Sage, 
Edmonson, and Tooms 
were among my mentors 
in orthopaedics. Also, in 
my opinion, they gave the 
Campbell Foundation the 
start it needed to become 

a viable entity as a philanthropic organization, now un-
der the lay leadership of Jack Blair. 

What about the twenty-fi rst century? Much has 
changed in addition to a new building. Campbell Clinic 
now has more than 50 staff  members, has trained over 
600 residents, and has one-year fellowships in numerous 
orthopaedic subspecialties.

Campbell Clinic operates outpatient clinics at four lo-
cations throughout the Memphis region, including one 
just south of the state line in Mississippi. All locations 
include diagnostic and physical therapy capabilities, and 
Campbell Clinic operates a second magnet (MRI) and 
purchased an additional ambulatory surgery center in 
the midtown area of Memphis. Our fl agship hospital af-
fi liations include Methodist, Baptist, Le Bonheur, and 
the Regional One Trauma Center (“The Med”).

Campbell Clinic is credited with starting the fi rst 
emergent “After Hours” clinic followed later by a no-ap-
pointment-needed “walk-in” clinic.

Our former partners, just as Dr. Campbell, had bril-
liant forethought to secure extra land at our German-
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town location for future expansion. When the medical 
staff  size grew in excess of 50, to compliment the orig-
inal Germantown location, a new 120,000 square foot 
facility was constructed adjacent to the Germantown 
Campbell Clinic. Opened in December 2019, the new 
Campbell Clinic, located at  4887 Wolf River Road (im-
mediately to the east of the 1400 Germantown Road 
facility), includes state-of-the-art outpatient and thera-
py facilities with a full complement of diagnostic capa-
bilities. Also in the building is an expansive ambulatory 
surgery center with eight, large operating rooms with 
observation suites capable of projecting images from 
the surgeries to remote locations for training purposes. 

Also, I’m delighted that the facility includes a 15,000 
square foot best-in-class performance and wellness fa-
cility, named in honor of my family. 

Even though the original Campbell Clinic building at 
869 Madison no longer stands, the legacy begun by the 
man in the building remains robust, thanks to a group 
of dedicated doctors, employees and a special book.  
Goodbye 869 Madison. We won’t forget you because it 
reminded us of the old Campbell Clinic saying “when 
you see a turtle on top of a fencepost you know he had 
some help getting there.” – Thanks Dr. Campbell and 
869 Madison.
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ABSTRACT
Purpose:The purpose of this study was to investigate the learning curve for the fi rst 90 
elective fully-endoscopic discectomy (FED) procedures performed in an outpatient setting 
by a single surgeon.

Study Design/Setting: This study is a prospective comparison of patients treated in an 
ambulatory surgery center.

Patient Sample: The fi rst 90 patients from our FED registry treated by the senior author 
(RJG) in an ambulatory surgery center were reviewed. Cases were divided by approach, 
transforaminal (46) or interlaminar (44). 

Outcome Measures: Patient-reported outcome measures (visual analog score [VAS] and 
Oswestry Disability Index [ODI]) were recorded preoperatively and at 2 weeks, 6 weeks, 3 
months, and 6 months postoperatively. Operative times, complications, time to discharge 
from post-anesthesia care unit (PACU), postoperative narcotic use, return to work, and re-
operations were recorded and used to analyze the learning curve of FED.  

Methods: Operative times were plotted as a moving average, in groups of 10. Non-linear 
regression was used to identify a trendline and the infl ection point in the trendline was 
thought to be indicative of completion of the “learning curve.”

Results: The mean operative time steadily decreased over the fi rst 50 procedures to ap-
proximately 60% of the initial times, where it plateaued for both the transforaminal and in-
terlaminar approaches (mean time 65 minutes). Mean operative times were 62 minutes with 
the interlaminar approach and 75 minutes with transforaminal approaches (p=0.03). Mean 
time to discharge from PACU was 87 minutes for the interlaminar approach and 61 minutes 
for the transforaminal approach (p<0.001). Preoperative mean VAS score (7) was signifi -
cantly improved to a median score of 0 at discharge from PACU. The mean VAS and ODI 
scores at 6 weeks and 6 months postoperatively were statistically and clinically improved 
from preoperative values. The frequency and duration of postoperative narcotic use both 
signifi cantly decreased during the learning curve. There were no differences in reoperation 
rates, complications, return to work, or postoperative narcotic use between the interlaminar 
and transforaminal groups. There was no difference in the frequency of reoperation over the 
length of the learning curve.

Conclusions: Endoscopic discectomy in the outpatient setting is a safe and effective treat-
ment for symptomatic disc herniations. Mean operative time decreased to approximately 
60% of initial times over the fi rst 50 procedures, suggesting this is the minimal number of 
cases needed to become profi cient with this technique. There does appear to be a second-
ary learning curve, but a larger patient series is needed to clarify this.

Key Words: endoscopic discectomy, symptomatic disc herniation, learning curve, ambula-
tory surgery center, number of cases, patient-reported outcomes, re-operations, complica-
tions, interlaminar approach, transforaminal approach
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ABSTRACT
Background: Mood disorders (MD) have been associated with inferior outcomes after or-
thopaedic procedures, but little is known about their effect on total shoulder arthroplasty 
(TSA).

Methods: In patients with primary TSA and a minimum of 2 year clinical and radiographic 
follow-up, documentation of depression, anxiety, and/or use of a prescription mood-stabiliz-
ing drug indicated MD. Prolonged narcotic use was patient-reported consumption at most 
recent follow-up or fi lled narcotic prescription within 3 months in a statewide database.

Results: Chronic pain syndromes were more frequent in 24 patients with MD (76%) than 
in 63 without (1.6%), and narcotic use was higher (54% vs. 13%, respectively). There were 
no signifi cant differences in range of motion, strength, complications, reoperations, or ra-
diographic complications and none in the amount of improvement for any of the functional 
parameters.

Conclusions: Patients with MD were four times more likely to require narcotics for pain 
control, although function improved by an amount similar to the control group.

Level of evidence: Level III, retrospective comparison study.

Key Words: total shoulder arthroplasty, mood disorders, outcomes, narcotic use, pain con-
trol, anxiety, depression

*This abstract is reprinted with permission from Wolters Kluwer Health, Inc.
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ABSTRACT
Background: Acute posterior sternoclavicular dislocations (APSCD) are rare injuries that his-
torically have prompted concern for injury to the great vessels and other mediastinal structures 
from initial trauma or subsequent treatment, resulting in the recommendation that a thoracic or 
vascular surgeon be present or available during operative treatment. The purpose of this study 
was to determine the frequency and characteristics of vascular injury with APSCD in a large 
multicenter cohort.

Methods: Following IRB approval, records of consecutive patients under 25 years of age treat-
ed for APSCD were collected from each participating center (Figure 1). Only acute injuries 
(sustained fewer than 10 days before presentation) were included. Patient demographics, injury 
mechanism, associated mediastinal injuries, and need for thoracic/vascular surgery were re-
corded. Mediastinal structures injured or compressed by mass effect were specifi cally charac-
terized by review of pre-operative computed tomography (CT) (Table 1, Figure 2).

Results: Review identifi ed 125 patients with a mean age of 14.7 years; 88% were male.  AP-
SCD most commonly resulted from a sporting injury (74%) followed by falls from standing height 
(10%) and high-energy motor vehicle trauma (10%). The most common fi nding on cross-sec-
tional imaging was compression of the ipsilateral brachiocephalic vein (50%) (Table 2). Eleven 
patients had successful closed reduction, and 114 (90%) had open reduction and internal 
fi xation, with 25 failed or unstable closed reductions preceding open treatment. There were no 
vascular or mediastinal injuries during reduction or fi xation that required intervention.

Conclusion: In this multicenter series of 125 APSCDs, no injuries to the great vessels/medi-
astinal structures requiring intervention were identifi ed.  Although more than half of patients 
had evidence of extrinsic vascular compression at the time of injury, careful open reduction of 
acute injuries can be safely performed, minimizing the risk of late intervention and longer-term 
complications. Although vascular injuries following APSCD appear to be quite rare, vascular 
complications can be catastrophic.  Treating providers should consider these data and their own 
institutional resources to maximize patient safety during the treatment of APSCD.

Level of Evidence: Level III, therapeutic case-control study
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Compressed Structure N % of patients with

Ipsilateral Brachiocephalic Vein 38 50

Ipsilateral Subclavian Vein 10 13.1

Ipsilateral Carotid Artery 9 11.8

Superior Vena Cava 9 11.8

Trachea 9 11.8

Ipsilateral Brachiocephalic Artery 8 10.5

Ipsilateral Jugular Vein 6 7.9

Contralateral Brachiocephalic Vein 5 6.6

Ipsilateral Subclavian Artery 4 5.3

Thyroid 1 1.3

Aorta 1 1.3

Total 100

Table 2: Mediastinal Structures Affected

CT Compression CT No Compression Total P

Symptom of any kind Yes 20 14 34 0.55

No 55 30 85

Vascular congestion Yes 0 0 0 N/A

No 75 44 119

Dysphagia Yes 13 8 21 0.91

No 62 36 98

Dysphonia Yes 2 1 3 0.89

No 73 43 116

Dyspnea Yes 8 5 13 0.91

No 67 39 106

Paresthesia Yes 2 4 6 0.12

No 73 40 113

Table 1: Symptoms and CT correlation

Figure 2: A selected axial image obtained from a supine patient 
prior to treatment. 1: Dislocated clavicle, 2: Sternum, 3: Trache
4: Right brachiocephalic vein 5: Right brachiocephalic artery
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ABSTRACT
Background: To test the intra-observer reliability of the Mayo Elbow Performance Score 
(MEPS) and the inter-observer reliability as compared to the validated Oxford Elbow Score 
(OES) elbow scoring system in a population of patients who are a minimum of 2 years re-
moved from a surgical procedure on their dysfunctional elbow.

Methods: A total of 42 patients who were at least 2 years removed from a surgical pro-
cedure on their dysfunctional elbow formed the study cohort. Patients who received any 
substantive treatment (injection, surgery, etc.) or had any interval change between initial 
and follow-up evaluation were excluded. The others completed an initial MEPS question-
naire over phone interview; at a second phone interview 2 to 3 weeks later, they completed 
another MEPS questionnaire and were also administered the OES questionnaire. Intraclass 
correlation coeffi cients (ICC) and Pearson correlation coeffi cients (PCC) with 95% confi -
dence intervals were calculated to test the intra-observer reliability of the MEPS and the 
inter-observer reliability of the MEPS compared to OES, respectively. ICC and PCC greater 
than 0.75 were considered acceptable.

Results: The average MEPS score at the initial interview was 78 (range 5-100, SD 22.4). 
At the second interview, the average MEPS score was 77 (range 5-100, SD 21.5) and the 
average standardized OES score was 79 (range 17-100). The ICC for MEPS scores at the 
two time points was 0.90 and the Pearson coeffi cient between the MEPS and OES scores 
was 0.87, both indicating strong agreement.

Conclusion: In patients having undergone a surgical procedure on their dysfunctional el-
bow, the MEPS has strong reliability at different time points and when compared with a 
validated post-operative elbow outcomes instrument. 

Clinical Relevance: The MEPS is a reliable method of assessing elbow conditions and 
function in the postoperative elbow patient.

Keywords: Outcomes instrument, elbow pathology, MEPS, reliability and accuracy, validation.
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ABSTRACT
Introduction: The Patient Protection and Affordable Care Act (ACA) ushered in a new era of 
healthcare policy in the United States. Passed in 2010, its more impactful resolutions took 
effect on January 1, 2014. The ACA's clinical and economic impact is widely experienced 
by orthopedic surgeons, yet not well quantifi ed. We proposed to evaluate the impact of the 
ACA on the timing of magnetic resonance imaging (MRI) for knee pathology before and after 
implementation of the legislation.

Methods : We performed a retrospective analysis of all knee MRIs performed at our institu-
tion from 2011 to 2016 (three years before and after ACA implementation). The MRI lag time 
was calculated by comparing the dates of initial clinical evaluation and MRI completion. The 
groups were subdivided based on insurance payer status (Medicare, Medicaid, commercial 
payers). The cohorts were compared to determine differences in average lag time and com-
pletion rates at time intervals from initial clinic visit before and after ACA implementation. 

Results: A total of 5543 knee MRIs were included; 3157 (57%) scans were performed 
before ACA implementation, while 2386 (43%) were performed after. There was a 5.6% 
increase in Medicaid cohort representation after ACA implementation. Patients waited 14 
days longer for MRI scans after ACA implementation (116 days vs. 102 days). There were 
increased lag times for patients in the commercial payer (113 days vs. 100 days) and 
Medicaid (131 days vs. 96 days) groups. Fewer patients had received MRI scans after ACA 
implementation within 2 weeks, 6 weeks, and 12 weeks of their initial clinic visits.

Conclusions: The lag time between initial clinical evaluation and MRI scan completion for 
knee pathology signifi cantly increased after ACA implementation, particularly in the com-
mercial payer and Medicaid cohorts. Longer wait times could lead to diminished patient 
satisfaction, delayed treatment, and increased morbidity, while fewer MRI scans performed 
could reduce overall healthcare costs. As healthcare policy changes continue, their effects 
on orthopedic patients and providers should be closely scrutinized.

Level of Evidence: Level III- Retrospective cohort study

Figure 1: Graphical representation of average knee MRI lag time for combined cohort and 
payer source subgroups, before and after ACA implementation.
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ABSTRACT
Objectives: To determine the frequency and effect of under-dosing prophylactic weight-
based antibiotics in patients with open tibial fractures. We hypothesized that patients who 
did not receive appropriate weight-based dosing of prophylactic antibiotics would have 
higher rates of infection.

Design: Retrospective cohort study.

Setting: Level 1 Trauma Center.

Patients/Participants: Patients 18 years of age or older with high-grade (Gustilo-Ander-
son type IIIA or IIIB) open extraarticular tibial fractures over a 5-year period.

Main Outcome: The primary outcome was deep infection within one year of initial injury. Ap-
propriate weight-based dosing of cefazolin was defined as: at least 1 g for patients < 80 kg, 
2 g for patients between 80 and 120 kg, and 3 g for patients > 120 kg.

Results: Sixty-three patients met the inclusion criteria; 21 (33%) were under-dosed with 
cefazolin at the time of initial presentation.  Among the 20 patients who subsequently devel-
oped deep infection, only 55% were appropriately dosed with cefazolin; of the patients who 
did not develop deep infection, 72% were appropriately dosed with cefazolin (P = 0.18). 
Univariate analysis revealed that hypertension was associated with infection (P = 0.049). 
Multivariable logistic regression analysis of infection due to all organisms did not reveal a 
statistically significant reduction in the odds of infection with appropriate weight-based dos-
ing of cefazolin [Odds ratio = 0.42 (95% confidence interval, 0.12–1.48), P = 0.177]. Five 
of 7 (71%) of the gram positive, non-methicillin-resistant Staphylococcus aureus, infections 
occurred in patients who were under-dosed with cefazolin. Five (23.8%) of 21 patients 
who were under-dosed with cefazolin had gram-positive, non-methicillin-resistant S. aureus 
infections, compared to 2 (4.8%) of 42 patients who were appropriately dosed (P = 0.036).

Conclusions: Under-dosing of weight-based antibiotics in the treatment of open fractures 
is common.  Appropriate weight-based dosing of cefazolin for prophylaxis in high-grade 
open tibial fractures reduces the frequency of infection due to cefazolin-sensitive organ-
isms. Interestingly, organisms not susceptible to cefazolin were responsible for the majority 
of infections. The effect of under-dosing of cefazolin and other weight-based antibiotics 
deserves further investigation in larger studies.

Key Words: open tibial fractures, infection, antibiotic dosing

Level of Evidence: Therapeutic Level III. See Instructions for Authors for a complete de-
scription of levels of evidence.

*This article is reprinted with permission from Wolters Kluwer Health, Inc. 
Olinger CR, Carver DC, Nolan VG, Weinlein JC. The Effect of Under-Dosing Prophylactic Antibiotics in 
the Care of Open Tibial Fractures. J Orthop Trauma. 2018 Jul;32(7):322-32.
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ABSTRACT
Background: There are few data comparing the direct anterior approach (DAA) and pos-
terior approach (PA) for total hip arthroplasty (THA) in the outpatient setting. The purpose of 
this study was to compare 90-day complications between the two approaches. We hypoth-
esized that they would be equally safe and effective.

Methods: Retrospective review identifi ed 432 THAs (346 DAA, 86 PA) performed at a single 
ambulatory surgery center (ASC). Outcomes compared included demographics, comorbidi-
ties, pre-operative and discharge pain scores (VAS), overall time spent in the ASC, overnight 
stay, emergency room visits, admission, re-operation, and complications within a 90-day 
period (Table 1).

Results: There were no differences in mean pre-operative VAS (DAA 4.7, PA 4.5), mean 
discharge VAS (DAA 0.8, PA 0.7), overall time spent in the ASC (DAA 9.0 hours, PA 9.3 
hours), total number of overnight stays (DAA 0.9%, PA 1.2%), emergency room visits (DAA 
1.7%, PA 1.2%), admissions (DAA 1.4%, PA 1.2%), re-operations (DAA 1.4%, PA 1.2%), or 
complications (DAA 3.5%, PA 2.3%) (Table 2).

Conclusion: There were no differences in the safety outcomes, and overall there were few 
complications in the 90-day period, regardless of the surgeon’s preferred approach. This 
study indicates both DAA and PA are equally safe for THA in the outpatient setting, and the 
choice of surgical approach should be based on patient and surgeon preference.

Key words: hip arthroplasty, safety, outpatient, ambulatory surgery center, surgical ap-
proach

Brief title: Safety in outpatient total hip arthroplasty
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THA Approach

Demographics and 
Comorbities

DAA 
(n=346)

PA 
(n=86)

P value

Age (mean years)
56±0.45 

(57±0.88)*
53±0.96

0.004 
(0.001)*

Gender

    Male 195 (56%) 55 (64%) 0.202

    Female 151 (44%) 31 (36%)

    Other 7 (2%) 2 (2%)

Race

    Caucasian 278 (82%) 59 (70%) 0.056

    African American 61(18%) 25 (30%)

BMI (mean, kg/m2)
30.1±0.27 
30.9±0.59*

28.7±0.44
0.021 
0.003*

CAD 23 (7%) 0 (0%) 0.014

CHF 12 (3%) 0 (0%) 0.080

COPD 6 (2%) 1 (1%) 0.707

HTN 182 (53%) 38 (44%) 0.162

Diabetes 28 (8%) 2 (2%) 0.060

OSA 38 (11%) 4 (5%) 0.306

CVA 2 (1%) 1 (1%) 0.559

DVT 7 (2%) 3 (3%) 0.419

Mood disorder 50 (14%) 11 (13%) 0.692

Renal disease 19 (5%) 1 (1%) 0.087

ETOH 5(1%) 2 (2%) 0.563

Tobacco use 30 (9%) 14 (16%) 0.037

*Sample size adjusted, THA, total hip arthroplasty; CAD, coronary 
artery disease; CHF, congestive heart failure; COPD, chronic obstructive 
pulmonary disease; HTN, hypertension; OSA, obstructive sleep apnea; 
CVA, cerebrovascular accident; DVT, deep venous thrombosis; ETOH, 
ethyl alcohol. Statistical difference indicated in bold when p <0.05.

Table 1: Demographics and Comorbidities

THA Approach

Outcomes
DAA 

(n=346)
PA 

(n=86)
P value

VAS (mean)    

    Pre-op
4.7±0.16 
4.6±0.34*

4.5±0.34
0.576 
0.808*

    Discharge
0.8±0.09 
0.7±0.13*

0.7±0.14
0.858
0.629*

Time in ASC (hours)
8.7±0.11 
9.0±0.22*

9.3±0.23
0.019 
0.447*

Admission 5(1.4%) 1(1.2%) 0.070

Re-Operation 5(1.4%) 1(1.2%) 0.841

Overnight Stay 3(0.9%) 1(1.2%) 0.798

ER Visit 6(1.7%) 1(1.2%) 0.841

Complication 12(3.5%) 2(2.3%) 0.592

*Sample size adjusted, THA, total hip arthroplasty; VAS, visual analog 
scale; ASC, ambulatory surgery center; ER, emergency room. Statistical 
signifi cance indicated in bold when p <0.05. 

Table 2:  Outcomes comparison between DAA and PA for 
outpatient THA. 
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ABSTRACT
Introduction: Many patients with shoulder arthroplasty enjoy hobbies that require the use 
of fi rearms; however, there is a paucity of literature regarding fi rearm use after arthroplasty. 
The purpose of this study was to determine if patients can safely engage in shooting sports 
and/or hunting after shoulder replacement. 

Methods: Retrospective review identifi ed 473 patients with anatomic or reverse shoulder 
arthroplasty with a minimum of 2-year follow-up. Patients were contacted to complete a 
survey to assess their participation in hunting and/or shooting sports: shoulder-mounted or 
handgun fi rearm type, frequency of fi rearm use, purposes for which fi rearms were used, 
pain level, limitations during fi rearm use, and shooting-related complications with the shoul-
der replacement. Medical records were reviewed to correlate any reported complications 
due to fi rearm use.  

Results: Of the 473 patients identifi ed, 245 (52%) completed the fi rearm survey; 61 (25%) 
resumed fi rearm use after surgery, 42 using shoulder-mounted fi rearms (27 on the operative 
extremity) and 53 using handguns. Recreational shooting (69%) and hunting (54%) were 
the primary reasons for fi rearm use. Eleven patients reported shooting over 500 rounds per 
year after surgery, with no increased limitations or pain with greater frequency of fi rearm 
use. Fifty-two patients reported no or mild pain when shooting, and 49 patients reported 
no limitations in their ability to shoot. There were no complications related to fi rearm use 
reported by patients or in the medical record. 

Conclusion: Patients can safely engage in the use of a variety of fi rearms after shoulder 
arthroplasty without pain or limitations or shooting-related arthroplasty complications.     

Keywords: shoulder arthroplasty; fi rearms use; frequency; pain; limitations; complications 

Level of evidence: Level IV, case series

n n n

Shooting level

 Recreational 42 Competitive 5  

Shooting volume

 <100 rounds/year 32 100-500 rounds/year 14 >500 rounds/year 11

Hunting types

 Hunting 33  

 Deer 25 Waterfowl 11 Turkey 9

 Upland Bird 10 Squirrel 11 Other 17

Patient-rated shooting ability

 Better 7 Same 45 Worse 8

Shooting VAS score

 0 40 1 4 2 5

 3 1 4 2 5 2

 6 2 7 0 8 2

 9 0 10 1   

Table 1: Shooting Activities and Performance
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ABSTRACT
Introduction: Prior to January 2018, Total Knee Arthroplasty (TKA) was on the Center 
for Medicare and Medicaid Services (CMS) inpatient-only list, meaning that the procedure 
would be reimbursed by CMS only if it was done on an inpatient basis. CMS removed TKA 
from the inpatient-only list and now allows reimbursement of TKAs in the hospital outpa-
tient department (HOPD). Additionally, CMS has solicited public comment regarding potential 
future expansion of Medicare reimbursement for TKA procedures done in ambulatory sur-
gery centers (ASC).  Cost containment may be a motivator of these actions because of the 
increasing TKA volume and price, as both the HOPD and the ASC are surgical sites of care 
with considerably lower costs than hospital inpatient procedures, and CMS reimbursement 
to ASCs is 53% of reimbursement to HOPDs, on average, for the same procedures.

Of concern, however, for older patients are the risks of morbidity, mortality, surgical com-
plications; potentially slower recovery; and pain associated with surgery, all of which may 
increase with increasing age. Other concerns may be associated with same-day discharge 
and recovery at home or other venue when TKAs are performed in the HOPD or ASC, which 
are away from the hospital without immediate emergency care if needed.  Moreover, ad-
ditional risk might be assumed for free-standing ASCs because of the lack of immediate 
proximity to hospital infrastructure should an adverse event or complication arise during the 
surgical procedure that would necessitate immediate hospital-based emergency care.

The primary study objective was to compare preoperative cohort characteristics and periop-
erative and post-operative clinical outcomes for patients 65 years of age and older to those 
in patients younger than 65 years.  Pre-operative characteristics included gender, ethnic-
ity, BMI, American Society of Anesthesia (ASA) score, insurance status, and left/right side 
surgery.  Perioperative and post-operative outcomes included rates of occurrence of (1) 
surgical complications, transfers to the hospital, and post-operative patient adverse events 
at the ASC; (2) 90-day post-surgical complications and complications requiring surgical/
medical interventions; and (3) 90-day post-surgical healthcare resource utilization; and (4) 
patient satisfaction.  

Methods: A retrospective chart review identifi ed patients who had primary TKA between 
January 1, 2014, and January 1, 2019, in two free-standing ASCs.  Inclusion criteria in-
cluded patients age 18 to 70 years and procedure performed by one of eight orthopaedic 
surgeons identifi ed before the study as adhering to similar multimodal pain management 
pathways:

• Peripheral nerve blocks (bupivacaine with epinephrine) that do not inhibit motor 
function while controlling pain

• Liposomal bupivacaine (via pericapsular injection), which delivers approximately 
72 hours of localized anesthesia

• Spinal anesthesia

• Nonsteroidal anti-infl ammatory drugs (NSAIDs): 15 mg Mobic daily, 400 mg Cele-
brex 2 days before surgery and for 2 weeks after surgery
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• Gabapentin: 300 mg daily twice a day before surgery and 
for 2 weeks after surgery

• Tramadol: 100 mg every 6 hours as needed after surgery

• Oxycodone: 5 mg, 2-1 every 6 hours as needed after 
surgery

• Tylenol: 1000 mg day of surgery

Patients had a spinal block and regional adductor canal block (unless 
contraindicated) in combination with general or monitored anesthe-
sia care.  All patients received pre-operative intravenous antibiotics. 
An intraoperative pericapsular injection of liposomal bupivacaine 
was administered to all patients.  Intravenous tranexamic acid (TXA) 
was given intraoperatively unless contraindicated; topical TXA was 
used in patients with contraindications for intravenous use.  

Results: Of the 439 procedures meeting inclusion criteria, 66 
(15%) were performed in patients 65 years of age and older and 
373 (85%) were performed in patients under 65 years of age. The 
average age of the >65 group was 10 years older than the younger 
group (67 years vs 57 years). BMI was signifi cantly lower in the old-
er group (31.9) than in the younger group (34.3) (p=0.0017).  Aside 
from these patient characteristics, the older and younger groups 
were similar in terms of gender, ethnicity, ASA class, insurance 
type, and left vs. right side TKA procedures. 

Older patients had a slightly longer average overall time in the ASC 
(+15 minutes), longer average operative time, and longer average 
PACU time, but shorter preoperative time and time to ambulation 

than younger patients.  Although average pain scores at discharge 
were low for the entire cohort (1.3), scores for older patients were 
numerically lower than those for younger patients.  

There were 3 hospital admissions and 4 ED visits in the entire 
cohort within the 90-day global episode, and these occurred only 
among the younger age group.  This difference was not statistically 
signifi cant because of the small numbers overall; 90-day adverse 
events, surgeries related to the index surgery, and patients with 
unplanned clinic visits also were not statistically different between 
the older and younger groups.  At the 90-day follow-up visit, 10 
patients (3.8%) in the entire cohort with known patient satisfaction 
data (n=267) reported complications or pain associated with the 
procedure, all of whom were in the younger age group.

Conclusions: No statistically signifi cant differences in TKA out-
comes were observed at the ASC or within the 90-day post-surgical 
episode of care for patients 65 years and over compared to younger 
patients.  In the older age group, length of surgery, total length of 
stay in the ASC, and pain scores at discharge were not statistically 
different from younger patients, and there were no surgical compli-
cations in this group.  Furthermore, for older patients, through the 
90-day surgical episode of care, there were no ED visits, hospital 
admissions, or patient reports of complications or pain.  TKA sur-
gical outcomes at the ASC and through the 90-day surgical epi-
sode for older patients were equivalent to or better than the same 
outcomes for younger patients.  TKA in the ASC is appropriate for 
selected patients ≥ 65 years of age, with safety and satisfaction 
outcomes similar to those in younger patients. 
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ABSTRACT
INTRODUCTION:  Congenital absence of the carpus is a rare entity typically associated 
with concomitant forearm anomalies.1 Few case reports have documented isolated carpal 
absences without respective radial-sided or ulnar-sided defects.2,3 We have found no pub-
lished cases documenting asymptomatic, isolated, and incidentally discovered absences of 
more than one carpal bone in a pediatric patient.  

CASE REPORT:  A 10-year-old, left-hand-dominant male was lifting a volleyball pole when 
he sustained crush injuries to the distal aspects of the left long and ring fi ngers. He was 
subsequently evaluated and treated at a local pediatric hospital by an orthopaedic surgeon. 
The patient had no history of trauma, wrist pain, or other congenital abnormalities, but there 
was a family history of upper extremity abnormalities in his father and paternal grandmother. 
All other medical history and review of systems were noncontributory. 

Physical examination. Examination of the patient's left upper extremity revealed trau-
matic amputations of the middle and ring fi ngers at the level of the proximal distal phalanx 
(Figure 1).  He had a transversely-oriented wound without gross contamination or exposed 
bone and was able to perform full proximal interphalangeal and metacarpophalangeal joint 
range of motion.  Distal interphalangeal joint range of motion was moderately irritable.  He 
had brisk capillary refi ll in all uninjured digits, and all appeared normal in size. He had 90 
degrees of wrist extension and 130 degrees of fl exion (Figure 2). 

Imaging evaluation. Initial radiographic imaging consisting of three views of the left hand 
and wrist showed traumatic amputation of the distal phalanges of the left long and ring 
fi ngers, as well as absence of the scaphoid, lunate, triquetrum, trapezoid, and trapezium 
(Figure 3). The hamate and capitate were dysplastic, and the pisiform did not appear to 
articulate with the hamate.

Figure 1

A B C
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Treatment and outcome. The patient had a 6-week course of 
local wound care and physical therapy and ultimately developed a 
long-fi nger hook nail. His traumatic long-fi nger amputation was re-
vised 85 days after injury. The postoperative course was uneventful.

DISCUSSION:  Isolated absence of multiple carpal bones without 
associated anomalies is rare. To our knowledge, this is the fi rst 
case report of multiple radial and ulnar carpal defi ciencies without 
additional skeletal anomalies. Furthermore, the discovery of the pa-
tient’s carpal anomalies was incidental, secondary to his traumatic 

fi ngertip amputations, making his presentation unique due to its 
asymptomatic nature and the lack of an obvious deformity.

A literature search (consisting of PubMed and Google Scholar 
searches) to identify studies involving patients with absent carpal 
bones found 16 reports involving 18 patients: six had one or more 
carpal absences with concomitant upper extremity abnormalities 
but no other known abnormalities,4-8 seven had absent carpal 
bones as well as other organ system anomalies,8-14 three had iso-
lated absence of the scaphoid,2,15,16 two had isolated absence of 
the triquetrum,3,17 and one had an isolated absence of the lunate,18 
which was ultimately attributed to a septic staphylococcal infection 
sustained as an infant.  Of the 18 patients described, only 3 had no 
associated anomalies, two with absence of the scaphoid and one 
with absence of the triquetrum. 

Concomitant anomalies of the upper extremity have been docu-
mented in all case reports of absence of more than one carpal bone. 
Clinically, these congenital defects can be subtle, as in Postacchini 
and Ippopilito’s5 description of a 38-year-old woman with a normal 
appearing right hand with the exception of a single palmar crease. 
This patient presented with tendonitis of extensor pollicis longus 
and abductor pollicis brevis in her right wrist; the scaphoid, lunate, 
and trapezoid were absent and the distal carpal row was fused, as 
were the ipsilateral second and third metacarpals.  Most reported 
patients presented as a result of their clinically abnormal appear-
ance or because of another complaint related to their genetic syn-
drome but without a history of trauma. The patient in this case had 
no obvious gross deformity nor any other clinical complaints that 
would have led to the discovery of his missing carpal bones.

Figure 2
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Figure 3

A B C



63

CAMPBELL ORTHOPAEDIC JOURNAL  •  VOLUME 6, 2020

REFERENCES
1. Kelikian H. Congenital deformities of the hand and forearm.  St Louis: WB Saunders 

Company; 1974.

2. Kuz JE, Smith JM. Congenital absence of the scaphoid without other congenital 
abnormality: a case report. J Hand Surg Am. 1997; 22(3):489-491.

3. Kao SD, Watson HK, Fong D. Congenital triquetral absence: a case report of an 
asymptomatic wrist. J Hand Surg Am. 1996; 21(2):314-316.

4. Gurav RM, Patil AB. Bilateral hand malformations with absence of carpal bones with 
fusion of proximal metacarpals. Clin Dysmorphol. 2012; 21(1):56-57.

5. Postacchini F, Ippoplito E. Isolated absence of human carpal bones. Teratology. 
1975; 11(3):267-271.

6. Mavi A, Cagman B, Ozkur A, Bayrum M, Gumusburun E. The congenital absence 
of the radius, scaphoid, trapezium, thumb and hypoplasia of the lunate. Saudi Med J. 
2002; 23(8):1005-1007.

7. Hall RF Jr, Keuhn D Jr, Prieto J. Congenital hypoplasia of the thumb ray with absent 
carpal navicular and hypertrophic styloid process of the radius: a case report. J Hand 
Surg Am. 1986; 11(1):32-35.

8. Davison EP. Congenital hypoplasia of the carpal scaphoid bone. J Bone Joint Surg Br. 
1962; 44-B(4):816-827.

9. Gigis PI, Kafandaris PM. An unusual unilateral deformity of the hand. Hand. 1980; 
12(2):197-199.

10. Phadke SR, Dalal A. Short stature, ulnar deviation of the hands with absent carpals 
and joint contractures: a new syndrome. Clin Dysmorphol. 2007; 16(1):55-57.

11. Treble NJ. Congenital absence of the scaphoid in the “VATER” association. J Hand 
Surg Br. 1985; 10(2):251-252.

12. Pringle JH. Congenital absence of both ulnae. J Anat Physiol. 1983; 27(Pt 2):239-
244.

13. Baek GH, Kim J. Oligodactyly with thumb. J Hand Surg Asian Pac Vol. 2016; 
21(3):283-291.

14. Hanley T, Conlon PC. Congenital deformity of the carpus associated with 
maldevelopment of certain thenar muscles. J Bone Joint Surg Br. 1957; 39-B(3):458-
462.

15. Papanikolaou P, Haddadin MA. Congenital absence of carpal scaphoid. Br Med J. 
1972; 2(5808):292.

16. Srivastava KK, Kocchar VL. Congenital absence of the carpal scaphoid. A case 
report. J Bone Joint Surg Am. 1972; 54(8):1782.

17. Anderson WJ, Bowers WH. Congenital absence of the triquetrum: a case report. J 
Hand Surg Am. 1985; 10(5):620-622.

18. Roche AF. Absence of the lunate. Am J Roentgenol Radium Ther Nucl Med. 1967; 
100(3):523-525.

19. Manske PR, Oberg KC. Classifi cation and developmental biology of congenital 
anomalies of the hand and upper extremity. J Bone Joint Surg Am. 2009; 91(Suppl 
4):3-18.

20. Bauer AS, Bednar MS, James MA. Disruption of the radial/ulnar axis: congenital 
longitudinal defi ciencies. J Hand Surg Am. 2013; 38(11):2293-2302.

21. Tada K, Egawa T, Ono K. The carpus in congenital anomalies of the hand. Acta Orthop 
Scand. 1977; 48(6):592-599.

Several case reports have described isolated absences of the 
scaphoid2,15,16 and triquetrum3,17 without other upper extremity 
anomalies, and some reported hypoplastic counterparts in the con-
tralateral extremities. In the description by Kuz and Smith2 of an 
18-year-old male with an absent right scaphoid, the contralateral 
side had a hypoplastic scaphoid. Interestingly, most patients with 
isolated carpal bone absences presented with hand or wrist symp-

toms after sustaining a low-energy trauma to the hand or wrist.14-16 

Diagnosing congenital absence of the carpal bones relies primarily 
on radiographs. There is a possibility that the subject in our study 
had other carpal bones with failed or even delayed ossifi cation, but 
his parents refused an MRI that could have provided additional in-
formation regarding the patient’s osseous and ligamentous carpal 
anatomy. 
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ABSTRACT
Background: Outpatient total shoulder arthroplasty (TSA) is increasing in frequency, but 
the selection of patients who are appropriate outpatient joint candidates remains challeng-
ing. We propose an algorithm for selecting outpatient TSA candidates, with validation by a 
cohort of patients from an ambulatory surgery center (ASC).

Methods: We identified 61 patients who had primary anatomic and reverse TSA. The se-
lection algorithm, which stratifies patients referable to their age and cardiopulmonary co-
morbidities, was used to choose patients for outpatient surgery. Complications, including 
cardiopulmonary, thromboembolic, and postoperative wound problems, were recorded.

Results: All 61 patients were discharged from the ASC on the day of surgery. There were 
no cardiopulmonary events requiring intervention or hospital admission. One patient (2%) 
required a secondary operation, 3 patients (5%) experienced acute surgical complications, 
3 patients (5%) had transient postoperative nausea, and 4 patients (7%) had additional 
complications within the 90-day episode of care.

Conclusions: This study is the first to propose a patient selection method for outpatient 
TSA. Using this algorithm for patient selection produced a low rate of perioperative compli-
cations and no hospital admissions. We suggest this algorithm provides an evidence-based 
method for the standardization of outpatient TSA candidate selection.

Level of evidence: Level IV; Case Series; Treatment Study

© 2018 Journal of Shoulder and Elbow Surgery Board of Trustees. All rights reserved.

Keywords: Total shoulder arthroplasty; outpatient; patient selection; complications; algo-
rithm; validation
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ABSTRACT
Introduction: Bundling of services, typically into a 90-day episode of care, is intended to 
facilitate cost reduction. The purpose of this study was to determine the impact of a private 
insurance bundling program on the costs of outpatient total shoulder arthroplasty (TSA) at a 
freestanding ambulatory surgery center.

Methods: A cost minimization analysis was done of patients who had anatomic TSA by a 
single surgeon at a single freestanding ambulatory surgery center, including line-by-line 
comparisons of demographic and comorbidity factors for all patients treated within the 90-
day episode of care.

Results: Seventy-six primary anatomic TSAs were included, 39 in the bundled group and 
37 outside of the program. The bundled group was on average older (58 years) than the 
unbundled group (54 years, P = 0.021), but the groups were otherwise similar in demo-
graphics. The average total implant charges were signifi cantly less for the bundled group 
($24,822.43 versus $28,405.51, P = 0.014). Average total surgery supply charges and an-
esthesia supply charges were similar (P > 0.05). Mean total outpatient surgical day charges 
(implants, surgical, and anesthesia equipment) were signifi cantly less for the bundled group 
($29,782.43 versus $33,238.68, P = 0.022), as were average operating room staffi ng 
costs ($135.37 versus $162.55, P = 0.015). During the 90-day postoperative period, 
charges were similar. 

Conclusions: Primary anatomic TSA using a bundled care program in an outpatient setting 
coincides with markedly lower charges. The primary driver of this reduction is implant pric-
ing, which is negotiated as part of the bundle. Surgeons must carefully analyze their unique 
practices in the changing economic health care environment when creating an outpatient 
TSA and/or bundling program.

Level of evidence: Level III economic analysis

*This abstract is reprinted with permission from Wolters Kluwer Health, Inc.
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ABSTRACT
Background: Little is known about patient perceptions of outpatient total shoulder arthro-
plasty (TSA). We evaluated patient-reported satisfaction with TSA in a freestanding ambula-
tory surgery center (ASC) and an inpatient (INPT) setting.

Methods: Patients were mailed a survey regarding hospital admission, surgical site infections, 
and medical problems after surgery, as well as their satisfaction with the surgery and location. 
Patients were asked if, given the opportunity, they would change the location of their surgery.

Results: Thirty-fi ve patients with ASC surgery and 46 with INPT surgery completed the 
survey. Satisfaction regarding location and outcomes of surgery was similar, with no differ-
ences in readmission rates, need for medical care after surgery, or surgical site infections. 
A high percentage of patients in the INPT group would have changed their surgery location 
to an ASC setting.

Conclusions: Patients were very satisfi ed with TSA, as well as the environment of their 
surgery (ASC or INPT). If given a choice, however, the ASC group preferred having their sur-
gery in the ASC setting, while a high percentage of patients in the INPT group would have 
preferred to change to an ASC setting.

Level of Evidence: Level III. Retrospective comparative study.

*This abstract is reprinted with permission from Wolters Kluwer Health, Inc.
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ABSTRACT
Background: Impaction fractures of the posterolateral tibial plateau commonly occur in 
the setting of anterior cruciate ligament (ACL) tears, with considerable variability found in 
fracture size and morphologic features.

Purpose: The primary objective was to characterize different morphologic variants of pos-
terolateral tibial plateau impaction fractures. The secondary objective was to investigate 
the association between these impaction fracture variants and concomitant meniscal and 
ligamentous injuries.

Study Design: Cross-sectional study; Level of evidence 3.

Methods: Patients treated for primary ACL tears and having magnetic resonance imaging 
available were included in this study, and magnetic resonance images were reviewed with 
denotation of displaced posterolateral tibial impaction fractures. A classifi cation system was 
created based on morphologic variants of impaction fractures; associations were evaluated 
through use of independent chi-square testing.

Results: There were 825 knees meeting the inclusion criteria, with displaced posterolateral 
tibial plateau impaction fractures present in 407 knees (49.3%). We observed 3 distinct 
morphologic variants of lateral tibial plateau impaction fractures: (I) posterior cortical buckle 
not involving the articular surface; (II) posterior impaction fracture involving the articular 
surface, with sub-types based on (A) tibial plateau depth bone loss < 10% and (B) bone 
loss > 10%; and (III) displaced osteochondral fragment, with subtypes for (A) shear or 
(B) depressed fragment. Type IIIA impaction fractures were associated with an increased 
incidence of lateral meniscus posterior root tears (33.3% vs 12.4%; P = .009) and an 
increased incidence of lateral meniscal tears (83.3% vs 56.7%; P = .024) compared with 
all knees without type IIIA impaction fracture. An increased incidence of medial collateral 
ligament (MCL) tears was noted in patients with type IIIA impaction fractures compared with 
those who had no fracture or had another fracture type (61.1% vs 20.1%; P < .001). Type 
IIIB impaction fractures were associated with an increased incidence of lateral meniscal 
tears (80.0% vs 56.2%; P = .005).

Conclusion: A high prevalence of displaced posterolateral tibial plateau impaction frac-
tures occur in the setting of ACL tears, and they can be classifi ed into distinct morpholog-
ic subtypes. Posterolateral tibial plateau impaction fractures with displaced depressed or 
shear fragments were both associated with an increased incidence of lateral meniscal tears, 
whereas impaction fractures with a shear fragment were associated with an increased inci-
dence of lateral meniscus posterior root tears and MCL tears.

Keywords: tibial plateau; impaction fracture; classifi cation; ACL tear

*This article is reprinted with permission from Sage Publications. 
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Impaction fractures of the posterolateral aspect of 
the tibial plateau have previously been recognized as 
being associated with anterior cruciate ligament (ACL) 
tears.4,6,10-12 A generalized classifi cation system for car-
tilage and bone injuries of the knee has been described 
with major categories for bone bruises, stress fractures, 
tibial fractures, femoral fractures, and osteochondral 
fractures6,12 and further subcategories within those ma-
jor categories; however, no specifi c classifi cation for pos-
terolateral tibial plateau impaction fractures occurring 
in the setting of an ACL tear has been described.

Much of the recent literature regarding posterolat-
eral tibial plateau injury in the setting of an ACL tear 
has focused on bone bruises, sometimes described as oc-
cult or nondisplaced impaction fractures.1,3,8,9,15,16 Bone 
bruising in the setting of ACL tear has a reported inci-
dence of approximately 80%.1,13 When bone bruising is 

present, it suggests a higher energy pivoting injury, as 
full or high-grade partial ACL tears are more frequently 
associated with bone bruising compared with low-grade 
partial tears.17 Bone bruises of the lateral tibial plateau 
and lateral femoral condyle have also been shown to be 
associated with concomitant medial and lateral menis-
cal tears as well as medial collateral ligament (MCL) 
tears in the setting of ACL tear.1,16 Impaction fractures 
in which displacement of the articular surface or corti-
cal bone is present have received little discussion. These 
displaced impaction fractures appear to represent an 
impaction injury of increased severity compared with 
isolated bone contusions and warrant further investiga-
tion to determine whether they are of consequence to 
operative management or postoperative outcomes in the 
setting of ACL reconstruction.

On review of a cohort of patients with primary ACL 

Figure 1: Sagittal illustrations depicting a classifi cation system for posterolateral tibial plateau impaction fracture. Type I impaction fractures 
are defi ned as posterior cortical impaction without involvement of the articular surface. Type II fractures are those in which there is a posterior 
impaction that involves the articular surface, with type IIA resulting in less than 10% tibial plateau depth bone loss and type IIB with greater 
than 10% bone loss. Type III fractures are defi ned as depressed osteochondral fractures, with type IIIA being a shear fragment and type IIIB 
being a depressed fragment. PH, posterior horn.
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tears, we identifi ed displaced posterolateral impaction 
fractures to be a common associated injury on magnetic 
resonance imaging (MRI) scans. We observed different 
morphologic variants in that portion of the study. Thus, 
the primary objective of this study was to provide a clas-
sifi cation system to characterize these different morpho-
logic variants of posterolateral tibial plateau impaction 
fractures. The secondary objective was to investigate the 
association between these impaction fracture variants 
and concomitant meniscal and ligament injuries. We 
hypothesized that posterolateral tibial plateau fractures 
occurring in the setting of primary ACL tear could be 
classifi ed according to morphologic characteristics and 
that there would be increased incidence of concomitant 
meniscal or ligamentous injuries as the severity of the 
morphologic changes progressed.

METHODS

Study Design
This study was approved following review from an 

institutional review board (Vail Health, #2019-10). The 
inclusion criteria for this study were all patients with 
primary ACL tears treated by a single board-certifi ed 
orthopaedic surgeon (R.F.L.) between April 2010 and 
March 2019. Inclusion criteria also required patients to 
have available MRI scans. Patients without MRI scans 
available were excluded from this study (n = 81). Of the 
825 total knees meeting inclusion criteria, 805 under-
went ACL reconstruction surgery whereas 20 did not. 
Demographic information and clinical information were 
recorded for all patients, and data from operative re-
ports were recorded for all patients who underwent sur-
gery. Diagnosis of meniscal tears in this study required 
arthroscopic confi rmation.

Preoperative MRI scans were reviewed for the pres-
ence of displaced lateral tibial plateau fractures. First, 
a binary grouping system was used to categorize all pa-
tients based on whether they had a posterolateral tibial 
plateau impaction fracture. MRI signal change at the 
posterolateral tibial plateau was classifi ed as an impac-
tion fracture only if  there was displacement of subchon-
dral or cortical bone at the posterolateral tibial plateau 
rim visible on sagittal MRI T1-weighted images. Non-
displaced fractures or impaction injuries with bony con-
tusion only were not considered an impaction fracture 
in this study. After all patients’ MRI scans had been re-
viewed, those patients with posterolateral tibial plateau 

fractures were again reviewed, and a classifi cation system 
was developed based on observed morphologic variants. 
There were 3 major categories of posterolateral tibial 
plateau impaction fractures observed, with an addition-
al subcategory created for each of the latter 2 categories. 
Type I fractures were defi ned as posterior buckles of the 
proximal posterior cortex of the lateral tibial plateau, 
characterized by a superior to inferior deformity with 
no involvement of the articular surface (Figures 1 and 2). 
Type II fractures were defi ned as posterior impaction 
fractures with involvement of the articular surface, re-
sulting in a decreased lateral tibial plateau depth. These 
fractures demonstrate a rectangular or trapezoidal 
shaped bone void in the transition zone between the ar-
ticular line (line y) and the line tangential to the posteri-
or aspect of the lateral tibial plateau (line z), instead of 
a triangular shape in the transition zone between these 
lines in either a normal knee or a type I impaction frac-
ture (Figure 3). Type II fractures were further differenti-
ated into 2 subcategories based on the amount of bone 
loss present, with type IIA fractures having less than 

Figure 2: Sagittal magnetic resonance images showing sample 
posterolateral tibial plateau impaction fractures based on the 
classifi cation system. See Figure 1 for fracture type defi nitions.
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10% tibial plateau depth bone loss and type IIB having 
greater than 10% (Figures 1 and 2). When we measured 
the amount of sagittal bone loss in all patients with tib-
ial plateau impaction fractures, the mean percentage of 

corrected bone loss was 5.2% with a standard deviation 
of 5.1%. We chose 10% as a threshold as this represents 
1 SD over the mean sagittal bone loss. Type III fractures 
were defi ned as impaction fractures resulting in a dis-
placed bony fragment. Type III fractures were also fur-
ther differentiated into 2 subcategories: shear fragments 
(IIIA) and depressed fragments (IIIB) (Figures 1 and 2). 
All posterolateral tibial plateau fractures were classifi ed 
according to this classifi cation system by 2 orthopaedic 
surgeons (D.L.B., W.J.G.).

To differentiated type IIA and type IIB fractures, 
2 fellowship-trained orthopaedic surgeons (D.L.B., 
M.D.C.) measured the amount of tibial plateau depth 
bone loss for all patients with type II posterolateral tib-
ial plateau impaction fractures. This measurement was 
performed on the sagittal view of the MRI at the center 
of the lateral tibial plateau (eg, 50% of the calculated 
width) (Figure 3). A modifi ed Amis and Jakob line was 
drawn along the subchondral bone of the lateral tibial 
plateau from the anterior to posterior extents of the ar-
ticular surface (line y). A line perpendicular to this line 
was then drawn vertically, lying tangent to the posterior 
aspect of the proximal lateral tibia (line z). The distance 
from the posterior-most aspect of line y to line z was 
represented by line x and was termed the posterior artic-
ular marginal distance. The posterior articular marginal 

Figure 4: Flowchart demonstrating the number of patients meeting inclusion and exclusion criteria as well as the number of patients with 
posterolateral tibial impaction fractures and each specifi c fracture type. ACL, anterior cruciate ligament; MRI, magnetic resonance imaging.

Figure 3: Measurement technique for tibial plateau impaction 
fracture in (A) a normal knee and (B) a knee with posterolateral 
tibial plateau impaction fracture. A sagittal magnetic resonance 
image demonstrates tibial plateau depth measurements in a 
control knee without an impaction fracture. Line y is drawn fi rst 
along the subchondral bone from the anterior to posterior aspect of 
the articular surface. Next, line x, the posterior articular marginal 
distance, is drawn extending from the posterior extent of the 
articular surface to a line perpendicular to line y and placed as a 
tangent line along the posterior-most aspect of the proximal lateral 
tibia. Line z, the posterior height, is measured from the level of the 
articular surface to the level where bone is fi rst contacted along the 
posterior tangent line. Posterior articular marginal percentage is 
calculated as x/(x + y).
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percentage was then calculated by dividing the posterior 
articular marginal distance by the sum of line y and line 
x. Tibial plateau depth bone loss was then calculated by 
subtracting the average posterior articular marginal per-
centage calculated in a subset of patients without pos-
terolateral tibial impaction fractures from the calculated 
posterior articular marginal percentageineachpatient 
with an impaction fracture.

Statistical Analysis
Descriptive statistics were performed to determine 

the incidence of each type of posterolateral tibial pla-
teau fracture based on our classifi cation system. Clinical 
characteristics for patients with each type of postero-
lateral tibial plateau impaction fracture were analyzed 
to assess for correlations with meniscal tears, other lig-
ament tears in addition to ACL tear, mechanism of in-
jury, sex, and body mass index (BMI) through use of 
chi-square testing and analysis of variance with post 
hoc Tukey test to analyze associations with age and 
BMI. Given the differences in patient age by impaction 
fracture type, a binary logistic regression was performed 
with impaction fracture classifi cation, age, and sex as the 
covariates and with specifi c types of meniscal tears and 

knee ligament injuries as the dependent variables. Odds 
ratios (ORs) with corresponding 95% CIs were calcu-
lated for signifi cant associations determined by logistic 
regression. Measurement reliability between 2 raters was 
assessed via interrater correlation coeffi cients (ICCs) for 
the classifi cation of posterolateral tibial plateau impac-
tion fractures. Power analysis to determine sample size 
needed to detect an ICC of 0.6 for 2 observers with 80% 
power yielded a minimum of 15 patients needed. All 
statistical analysis was performed with IBM SPSS Sta-
tistical Suite, version 25, and the alpha level was set for 
statistical signifi cance at P < .05.

RESULTS
Of the 825 knees (814 patients) with primary ACL 

tears and available MRI scans, displaced posterolater-
al tibial plateau impaction fractures were identifi ed in 
407 knees (49.3%). After reviewing MRI scans of these 
knees, we classifi ed 198 impaction fractures as type I 
(48.6%), 116 as type IIA (28.5%), 38 as type IIB (9.3%), 
19 as type IIIA (4.7%), and 36 as type IIIB (8.8%). Inter-
rater reliability was calculated for a subset of 60 impac-

Age, y

n (%) Mean ± SD Minimum Maximum

No fracture 418 (50.7) 30.5 ± 12.9 12.0 72.9

Type I 198 (24.0) 35.4 ± 13.0 12.9 73.4

Type IIA 116 (13.1) 43.2 ± 11.5 14.2 67.2

Type IIB 38 (4.6) 52.1 ± 9.6 33.8 72.0

Type IIIA 19 (2.3) 41.6 ± 14.4 18.3 73.6

Type IIIB 36 (4.4) 47.4 ± 14.2 17.6 72.4

Total 825 35.4 ± 14.2 11.2 73.6

Table 1: Number and Age of Patients With Different Types of Posterolateral Tibial Plateau Impaction Fractures

Table 2: Independent Chi-Square Associations Between Sex and 
Posterolateral Tibial Plateau Impaction Fracture Typea

Female Male P

No fracture 181/418 (43.7) 237/418 (56.7) .007

Type I 101/198 (51.0) 97/198 (48.9) .28

Type IIA 71/116 (61.2) 45/116 (38.8) .002

Type IIB 20/37 (54.0) 17/37 (46.0) .45

Type IIIA 5/19 (26.3) 14/19 (73.7) .06

Type IIIB 17/36 (47.2) 19/36 (52.8) .93

Total 395/824 (48.0) 429/824 (52.0)
aValues are expressed as n/N (%). Boldface indicates statistical signifi cance.

Table 3: Independent Chi-Square Associations Between 
Mechanism of Injury and Posterolateral Tibial Plateau Impaction 
Fracture Typea

Contact Noncontact P

No fracture 108/410 (26.3) 302/410 (73.7) .001

Type I 21/194 (10.8) 173/194 (89.2) .001

Type IIA 13/111 (11.7) 98/111 (82.3) .02

Type IIB 7/36 (19.4) 29/36 (80.6) .95

Type IIIA 7/18 (38.9) 11/18 (61.1) .04

Type IIIB 3/35 (8.6) 32/35 (91.4) .09

Totalb 160/805 (19.9) 645/805 (80.1)
aValues are expressed as n/N (%). Boldface indicates statistical signifi cance.
bMechanism of injury data were not available for 20 patients; thus, these patients with 

missing data were excluded from the independent analysis.
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Table 4: Chi-Square Associations Between Posterolateral Tibial Plateau Impaction Fracture Type and Various Meniscal Injuriesa

Lateral
Meniscal Tear

Lateral Meniscus
Posterior Root Tear

Medial
Meniscal Tear

Medial Meniscal
Ramp Lesion

Medial Meniscus
Posterior Root Tear

Incidence P Incidence P Incidence P Incidence P Incidence P

No fracture 221/409 (54.0) .06 51/406 (12.6) .82 191/411 (46.5) .28 66/410 (16.1) .05 16/411 (3.9) .65

Type I 110/194 (56.7) .86 21/194 (10.8) .34 90/194 (46.4) .54 42/194 (21.6) .23 2/194 (1.0) .10

Type IIA 65/111 (58.6) .77 13/112 (11.6) .68 59/111 (53.2) .27 22/111 (19.8) .75 6/111 (5.4) .27

Type IIB 22/37 (59.5) .78 7/37 (18.9) .26 19/37 (51.4) .71 7/37 (18.9) .98 3/36 (8.3) .12

Type IIIA 15/18 (83.3) .02 6/18 (33.3) .009 9/18 (50.0) .89 4/18 (22.2) .70 0/18 (0) .41

Type IIIB 28/35 (80.0) .005 5/35 (14.2) .79 21/35 (60.0) .16 9/35 (25.7) .28 1/35 (2.9) .88
aIncidence is expressed as n/N (%). Boldface indicates statistical signifi cance.

tion fractures classifi ed by 2 different orthopaedic sur-
geons and demonstrated good agreement (ICC = 0.83) 
(Figure 4). 

Patients with posterolateral tibial plateau impaction 
fractures of all classifi cation types were signifi cantly 
older than patients without an impaction fracture (P < 
.001) (Table 1). Furthermore, patients with either type 
IIB or type IIIB fractures were signifi cantly older than 
patients with type I fractures (P < .001). No difference 
in the BMI was found between any impaction fracture 
group or patients without fracture (P = .95). Signifi cant 
positive associations were seen between male sex and no 
impaction fracture and female sex and type IIA impac-
tion fractures (Table 2). Patients with any type of tibial 
impaction fracture were more likely to have a noncon-
tact mechanism of injury compared with patients with-
out impaction fracture (P < .001), and more specifi cal-
ly, patients with type I and type IIA fractures showed a 
higher incidence of non-contact mechanism (P = .001 
and .02, respectively), whereas patients with type IIIA 
fractures showed a relatively higher incidence of contact 
mechanism compared to the other subgroups (P = .04) 
(Table 3).

Signifi cant associations were found between postero-
lateral tibial plateau impaction fracture type and certain 
meniscal injuries identifi ed (Table 4). No associations 
were found between type I or II impaction fractures and 
meniscal tears. Type IIIA impaction fractures showed 
an increased incidence of lateral meniscus posterior root 
tears (33.3% vs 12.4%; OR, 3.5; 95% CI, 1.3-9.7; P = 
.009) and an increased incidence of lateral meniscal tears 
(83.3% vs 56.7%; OR, 3.8; 95% CI, 1.1-13.3; P = .024) 
compared with knees without type IIIA impaction frac-
ture. Type IIIB impaction fractures were associated with 
an increased incidence of lateral meniscal tears (80.0% 

vs 56.2%; OR, 3.1; 95% CI, 1.3-7.2; P = .005) compared 
with knees without type IIIB impaction fracture. We ob-
served a decreased incidence of medial meniscal ramp 
lesions in patients without impaction fracture compared 
with all patients with impaction fractures (16.1% vs 
21.5%; OR, 0.7; 95% CI, 0.40-1.0; P = .05). Given the 
statistically signifi cant associations between age and sex 
with certain types of impaction fractures, a binary logis-
tic regression was performed to compare meniscal tear 
type with impaction fracture classifi cation, sex, and age. 
This showed signifi cant associations between lateral me-
niscal tears and type IIIA (OR,4.1; 95% CI,1.2-14.5; P 
= .03) and type IIIB (OR, 3.7; 95% CI, 1.5-8.9; P = .003) 
impaction fractures in addition to male sex (OR, 1.7; 
95% CI, 1.3-2.0; P = .001). For lateral meniscus posteri-
or root tears, regression showed an association with type 
IIIA fractures (OR, 3.2; 95% CI, 1.1-8.9; P =.03).

Signifi cant associations were found between pos-
terolateral tibial plateau impaction fracture types and 
ligament tears in addition to the ACL (Table 5). An 
increased incidence of MCL tears was seen in patients 
with type IIIA impaction fractures compared with those 
with no fracture or with other fracture type (61.1% vs 
20.1%; OR, 5.9; 95% CI, 2.2-15.4; P < .001). Both type 
I and IIA fracture types showed decreased incidence 
of posterolateral corner (PLC) tears (1.5% vs 6.8%; P 
= .005, and 0.9% vs 6.3%; P = .023, respectively) com-
pared with knees without type I and IIA impaction frac-
ture, whereas type IIB showed a decreased incidence of 
fi bular collateral ligament (FCL) tears (13.5% vs 29.4%; 
P = .037) compared with knees without type IIB impac-
tion fracture. Binary logistic regression was performed 
to compare concomitant ligament tears with impaction 
fracture classifi cation, sex, and age. This showed a sig-
nifi cant association between type IIIA impaction frac-
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Table 5: Chi-Square Associations Between Posterolateral Tibial Plateau Impaction Fracture Type and Various Ligamentous Injuriesa

Medial Collateral
Ligament Injury

Fibular Collateral
Ligament Injury

Posterolateral
Corner Injury

Posterior Cruciate
Ligament InjuryW

Incidence P Incidence P Incidence P Incidence P

No fracture 86/418 (20.6) .31 135/418 (32.3) .02 37/418 (8.9) .001 37/418 (8.9) .001

Type I 40/194 (20.6) .59 51/194 (26.3) .40 3/194 (1.5) .005 6/194 (3.1) .05

Type IIA 24/110 (21.8) .96 31/110 (28.2) .91 1/110 (0.9) .02 2/110 (1.8) .05

Type IIB 7/37 (18.9) .64 5/37 (13.5) .04 2/37 (5.4) .97 1/37 (2.7) .38

Type IIIA 11/18 (61.1) .001 3/18 (16.7) .26 0/18 (0) .30 1/18 (5.6) .93

Type IIIB 10/35 (28.6) .34 8/35 (22.9) .44 2/35 (5.7) .96 2/35 (5.7) .94
aIncidence is expressed as n/N (%). Boldface indicates statistical signifi cance.

ture and male sex and MCL tears (OR, 5.1; 95% CI, 
1.9-14.0; P = .001, and OR, 1.6; 95% CI, 1.1-2.2; P = 
.01, respectively). A decreased correlation of type I and 
IIA impaction fractures was noted with both PLC tears 
(OR, 0.16; 95% CI, 0.05-0.53; P = .003, and OR, 0.09; 
95% CI, 0.01-0.69; P = .02, respectively) and posterior 
cruciate ligament (PCL) tears (OR, 0.31; 95% CI, 0.13-
0.75; P = .01, and OR, 0.17; 95% CI, 0.04-0.72; P = .02, 
respectively), while male sex showed increased associa-
tion with PCL tear (OR, 2.2; 95% CI, 1.2-4.3; P = .01). 
No signifi cant associations were seen with impaction 
fracture type, age, or sex with FCL tears (P > .05).

DISCUSSION
The main fi nding of this study was that distinct mor-

phologic variants of posterolateral tibial plateau im-
paction fractures occur in the setting of ACL tears and 
that the type III variants (depressed osteochondral frac-
tures) were both associated with an increased incidence 
of lateral meniscal tears in the setting of primary ACL 
tears. In particular, we found that both displaced shear 
(IIIA) and depressed fragment (IIIB) types of impaction 
fractures were associated with an increased incidence of 
lateral meniscal tears, with displaced shear fragment im-
paction fractures also associated with an increased inci-
dence of lateral meniscus posterior root tears. Further-
more, when a grade III MCL tear is noted on clinical 
examination, there should be a heightened suspicion (5 
times increased odds) for a posterolateral tibial plateau 
impaction fracture (type IIIA) on MRI.

The classifi cation system established in this study has 
potential clinical utility because it demonstrates associ-
ations between certain posterolateral tibial impaction 
fracture types with concomitant meniscal and ligamen-
tous injuries. Patients with type IIIA and IIIB fractures 
of the lateral tibial plateau had greater than 3 times in-

creased chance of having a complete lateral meniscal 
tear compared with knees without type IIIA and IIIB 
impaction fracture. Type IIIA, depressed shear, osteo-
chondral fractures also had a 3-fold increased odds of 
having a lateral meniscus posterior root tear compared 
with knees without type IIIA impaction fracture. As a 
result, when these fractures are identifi ed on MRI, there 
should be a heightened clinical suspicion for lateral me-
niscal injury. This may be helpful in regard to clinical 
diagnosis, given the relatively high rate of missed lateral 
meniscal tears on MRI2 and the diffi culty with diagnosis 
of lateral meniscal root tears on MRI, as detection of 
these tears has a sensitivity of 60% on MRI.5 Further-
more, when a type IIIA fracture is appreciated on MRI, 
the clinical suspicion for an MCL tear should be height-
ened, because we noted a 5 times increase in odds of 
complete grade III MCL tears in knees with type IIIA 
fractures. This classifi cation system may also provide 
insight into the potential injury mechanism for some 
of the impaction fracture subtypes. We observed an in-
creased incidence of a contact mechanism in patients 
with type IIIA fractures compared with other impaction 
fracture types, suggesting that this particular type of 
impaction fracture may occur less frequently with the 
typical pivot-shift mechanism compared with other im-
paction fracture types.

We did not fi nd that type IIB fractures, posterior 
impaction fractures with greater than 10% bone loss, 
were associated with an increased incidence of any par-
ticular type of meniscal tear or concomitant ligament 
tearincomparisonwithpatients without these fractures. 
This does not necessarily mean that increasing bone loss 
associated with posterolateral tibial plateau impaction 
fractures is not of clinical signifi cance. Previous stud-
ies have reported that lateral tibial plateau geometry af-
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fects the stability of the knee. One study showed that 
decreased tibial plateau articular depth was associated 
with ACL tears, while another showed that a decreased 
medial to lateral width of the lateral plateau was associ-
ated with greater instability on pivot-shift testing.7,14 Be-
cause our study does not include postoperative outcome 
data, we are unable to determine the potential effect that 
the increased tibial plateau bone loss seen in group IIB 
may have on postoperative stability or ACL graft fail-
ure, and further research is required to fully understand 
this potential effect.

This study has some limitations. This study was 
conducted with use of MRI rather than computed to-
mography (CT) scan. The use of CT scans could have 
afforded better detail of the fracture morphologic fea-
tures and aided in characterizing fractures according 
to the proposed classifi cation system. Nonetheless, our 
results demonstrated good interrater reliability with the 
proposed classifi cation system using MRI, which also 
provides a more clinically applicable method for classi-
fi cation, as MRI is often the standard of care for evalu-
ating ACL tears. Another limitation is that only 1 rater 
evaluated all MRI scans to identify the presence of an 
impaction fracture before development of the classifi -
cation system, but establishment of criteria for fracture 
classifi cation and detection of impaction fractures were 
done in consultation with the senior author (R.F.L.). 
Additionally, this study included only radiographic and 
operative data, which prevented us from being able to 
analyze the effect of different morphologic variants of 
posterolateral tibial plateau fractures on postoperative 
outcomes. As a result, this limits our ability to deter-
mine a more complete assessment of the clinical rele-
vance of these posterolateral tibial plateau impaction 
fractures and whether additional measures should be 
considered to address these lesions when present. Future 
studies are needed to evaluate the biomechanical impli-
cations for such lesions on knee joint forces and stability 
in ACL-defi cient and ACL-reconstructed knees.

CONCLUSION
We found a 49% prevalence of displaced posterolat-

eral tibial plateau impaction fractures that occur in the 
setting of ACL tears and can be classifi ed into distinct 
morphologic subtypes. Posterolateral tibial plateau im-
paction fractures with displaced depressed or shear frag-
ments were both associated with an increased incidence 
of lateral meniscal tears, whereas impaction fractures 

with a shear fragment were associated with an increased 
incidence of lateral meniscus posterior root tears and 
MCL tears.
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ABSTRACT
Background: Current ulnar collateral ligament (UCL) reconstruction techniques are sub-
stantially less stiff and demonstrate lower load to failure compared with the native UCL. 
UCL repair with the addition of an internal brace has demonstrated superior biomechanical 
performance compared with docking UCL reconstruction, but internal bracing has not yet 
been used in UCL reconstruction.

Hypothesis/Purpose: To evaluate the time-zero biomechanical performance of a UCL 
docking technique reconstruction with and without an internal brace compared with native 
UCL properties. Methods: Twelve matched pairs of cadaveric elbows were dissected and 
fixed at 90° for biomechanical testing. A cyclic valgus torque protocol was used to test the 
anterior band of the UCL in native specimens. After native specimens were failed, palmaris 
grafts were used for a docking reconstruction with or without internal brace and were sub-
jected to the same valgus torque test protocol. Torsional stiffness, ultimate failure torque, 
and ulnohumeral gapping were determined.

Results: Stiffness in UCL reconstructions using a standard docking technique (3.0 ± 0.4 N 
m/deg) were significantly less stiff (P < .001) than native UCL (4.0 ± 0.8 N m/deg), whereas 
reconstructions using an internal brace (3.6 ± 0.6 N m/deg) were not different (P = .120) 
compared with native. Ultimate failure torque for standard docking (18.3 ± 4.1 N m) was 
significantly lower (P < .001) than native UCL (36.9 ± 10.1 N m), whereas the internal brace 
samples (35.3 ± 9.8 N m) were not different (P = .772) than native.

Conclusion: UCL reconstruction with an internal brace augmentation provides superior 
stiffness and time-zero failure strength when compared with the standard docking tech-
nique.

Level of evidence: Basic Science Study; Biomechanics

© 2019 Journal of Shoulder and Elbow Surgery Board of Trustees. All rights reserved.

Keywords: Elbow; UCL reconstruction; internal brace
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doi.org/10.1016/j.arthro. 2012.07.012

21. Viens NA, Wijdicks CA, Campbell KJ, LaPrade RF, Clanton TO. Anterior talofibular 
ligament ruptures, Part 1: biomechanical com-parison of augmented Broström 
repair techniques with the intact anterior talofibular ligament. Am J Sports Med 
2014;42:405-11. https://doi.org/10.1177/0363546513510141

22. Vitale MA, Ahmad CS. The outcome of elbow ulnar collateral ligament reconstruction 
in overhead athletes: a systematic review. Am J Sports Med 2008;36:1193-205. 
https://doi.org/10.1177/ 0363546508319053

23. Walters BL, Cain EL, Emblom BA, Frantz JT, Dugas JR. Ulnar collateral ligament 
repair with internal brace augmentation: a novel UCL repair technique in the young 
adolescent athlete. Orthop J Sports Med 2016;4(suppl). https://doi.org/10.1177/ 
2325967116S00071

24. Willegger M, Benca E, Hirtler L, Hradecky K, Holinka J, Windhager R, et al. 
Biomechanical stability of tape augmentation for anterior talofibular ligament 
(ATFL) repair compared to the native ATFL. Knee Surg Sports Traumatol Arthrosc 
2016;24:1015-21. https://doi.org/10.1007/s00167-016-4048-7
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Campbell Clinic and the Campbell Foundation share a commitment to improving patient care 
through evidence-based clinical research. Surgeons, residents and fellows are supported by a highly-

skilled research and editorial staff  who work every day providing support for clinical trials, investigator-
initiated studies, database research, and manuscript development so that we can share our discoveries 

with the world. Our studies are designed to help improve orthopaedic treatment, surgical methods, and 
recovery for patients of all ages with musculoskeletal conditions and injuries.

The following is a list of publications from our researchers from 2019.

FOOT AND ANKLE
• Beahrs TR, Reagan J, Bettin CC, Grear BJ, Murphy GA, Richardson DR. Smoking 

Effects in Foot and Ankle Surgery: An Evidence Based Review. Foot Ankle Int. 2019 
Oct;40(10):1226-1232. doi: 10.1177/1071100719867942. Epub 2019 Aug 18.  
PMID: 31423824 

• Beahrs TR, Reagan J, Bettin CC, Grear BJ, Murphy GA, Richardson DR. Smoking 
Effects in Foot and Ankle Surgery: An Evidence Based Review. Foot Ankle Int. 2019 
Oct;40(10):1226-1232. doi: 10.1177/1071100719867942. Epub 2019 Aug 18.  
PMID: 31423824 

• Bettin CC, Nelson R, Rothberg D, Barg A, Lyman M, Saltzman C. Cost Comparison 
of Operatively Treated Ankle Fractures Managed in an Inpatient Versus Outpatient 
Setting. J Am Acad Orthop Surg. 2019 Feb 1; 27(3):3127-e134. doi: 10.5435/
JAAOS-D-16-00897. PMID: 30192248 

• Fournier MN, Cline JT, Seal A, Smith RA, Throckmorton TW, Bettin CC, Murphy 
GA. Initial Evaluation by a Nonsurgeon Provider Does Not Delay the Surgical Care of 
Operative Ankle Fractures in a Walk-in Orthopaedic Clinic: A Retrospective Cohort 
Study. COP; November/December 2019. 30(6):561-565. 

• Hames MA, Dean EM, Ishikawa SN, Murphy GA, Richardson DR. Orthopaedic Foot 
and Ankle Surgeons' Approach to Elective Surgery in the Smoking Patient population:  
A Survey Study. COP. 30(5):423-428, September/October 2019. doi:  10.1097/
BCO.0000000000000797 

HAND
• Weller WJ. Emerging Technologies in Upper Extremity Surgery: Polyvinyl Alcohol 

Hydrogel Implant for Thumb Carpometacarpal Arthroplasty and Processed Nerve 
Allograft and Nerve Conduit for Digital Nerve Repairs. Orthop Clin North Am. 2019 
Jan;50(1):87-93. Review. PMID: 30477709   

• Wu JC, Strickland CD, Chambers JS. Wrist Fractures and Osteoporosis. Orthop Clin 
North Am. 2019 Apr;50(2):211-221. doi: 10.106/j.ocl.2018.10.004. Review. PMID: 
30850079 

• Wu JC, Calandruccio JH, Weller WJ, Henning PR, Swigler CW. Arthritis of the 
Thumb Interphalangeal and Finger Distal Interphalangeal Joint. Orthop Clin North Am. 
2019 Oct;50(4):489-496. doi: 10.1016/j.ocl.2019.05.004. Epub 2019 Jul 5. Review. 
PMID: 31466664 

• Wu JC, Calandruccio JH. Evaluation and Management of Scaphoid-Trapezium-
Trapezoid Joint Arthritis. Orthop Clin North Am. 2019 Oct;50(4):497-508. doi: 
10.1016/j.ocl.2019.05.005. Epub 2019 Aug 5. Review. PMID: 314566667 

JOINT REPLACEMENT
• Arnholt BC, Lowell JA, Perkins MR, Mihalko WM, Kurtz SM. Postmortem Retrieval 

Analysis of Metallosis and Periprosthetic Tissue Metal Concentrations in Total Knee 
Arthroplasty. J Arthroplasty. 2019 Aug 19. pii:S0883-5403(19)30769-7. PMID: 
31699531 

• Arnholt BC, Lowell JA, Perkins MR, Mihalko WM, Kurtz SM. Postmortem Retrieval 
Analysis of Metallosis and Periprosthetic Tissue Metal Concentrations in Total Knee 
Arthroplasty. J Arthroplasty. 2019 Aug 19. pii:S0883-5403(19)30769-7. PMID: 
31699531 

• Calkins TE, Culvern C, Nam D, Gerlinger TL, Levine BR, Sporer SM, Della Valle CJ. 
Dilute Betadine Lavage Reduces the Risk of Acute Postoperative Periprosthetic Joint 
Infection in Aseptic Revision Total Knee and Hip Arthroplasty: A Randomized Controlled 
Trial. J Arthroplasty. 2019 Sept 12. pii: S0883-5403(19)30843-5. doi: 10.1016/j..
arth.2019.09.011. [Epub ahead of print]. PMID: 31575448 

• Calkins TE, Suleiman LI, Culvern C, Alazzawi S, Kazarian GS, Barrack Rl, Haddad 
FS, Della Valle CJ. Hip Resurfacing Arthroplasty and Totla Hip Arthroplasty in the 
Same Patient: Which Do they Prefer? Hip In. 2019 Oct 15:1120700019882922. doi: 
10.1177/1120700019882922. [Epub ahead of print]. PMID: 31615288 

• Cavanaugh A, Rauh MJ, Thompson CA, Alcaraz J, Mihalko WM, Bird CE, Eaton 
CB, Rosal M, Li W, Shadyab A, Gilmer T, LaCroix AZ, Racial and Ethnic Disparities 
in Utilization of Total Knee Arthroplasty Among Older Women. Osteoarthritis 
Cartilage. 2019 Dec;27(12):1746-1754. doi: 10.1016/j.joca.2019.07.015. Epub 
2019 Aug 9. PMID: 31404657 

• Grupp TM, Schilling C, Schwiesau J, Pfaff A, Altermann B, Mihalko WM. Tibial 
Implant Fixation Behavior in Total Knee Arthroplasty - A Study with Five Different 
Bone Cements.J Arthroplasty. 2019 Sep 18. pii: S0883-5403(19)30868-X. PMID: 
31653466 

• Hellman MD, Ford MC, Barrack RL. Is There Evidence to Support An Indication 
for Surface Replacement Arthroplasty?: A Systematic Review. Bone Joint J. 2019 
Jan;101-B(1_Supple_A):32-40. doi:10.1302/0301-620X.101B1.BJJ-2018-0508.R1. 
PMID: 30648490 

• Smith WA, Zucker-Levin A, Mihalko WM, Williams M, Loftin M, Gurney JG. A 
Randomized Study of Exercise and Fitness Trackers in Obese Patients After Total Knee 
Arthroplasty. Orthop Clin North Am. 2019 Jan;50(1):35-45. PMID: 30477705    

• Urish KL, Giori NJ, Lemons JE, Mihalko WM, Hallab N. Trunnion Corrosion in Total 
Hip Arthroplasty-Basic Concepts. Orthop Clin North Am. 2019 Jul;50(3):281-288.  
PMID: 31084829 

PEDIATRICS
• Amoli MA, Sawyer JR, Ellis RT, Seymour J, Spence DD, Kelly DM, Warner WC Jr. 

Pediatric Patients with Spondylolysis Have High Rates of Vitamin-D Defi ciency. J Surg 
Orthop Adv. 2019 Winter;28(4):257-259.  PMID: 31886760 

• Brown DW, Sheffer BW. Pediatric Septic Arthritis: An Update. Orthop Clin North Am. 
2019 Oct;50(4):461-470. doi: 10.1016/j.oc.2019.05.003. Epub 2019 Aug 2. Review. 
PMID: 31466662 

• Chen AF, Dulai SK, Grewal R, Kelly DM, Lee M, Leucht P, Mir H. The 2019 
American-British-Canadian (ABC) Traveling Fellowship. J Bone Joint Surg Am. 2019 
Oct 9. doi:10.2106/JBJS.19,01000. [Epub ahead of print] No abstract available. 
PMID: 31596817 

• Franklin DB 3rd, Hardaway AT, Sheffer BW, Spence DD, Kelly DM, Mulbauer 
MS, Warner WC Jr., Sawyer JR. The Role of Computed Tomography and Magnetic 
Resonance Imaging in the Diagnosis of Pediatric Thoracolumbar Compression 
Fractures. J Pediatr Orthop. 2019 Aug;39(7):e520-523. doi: 10.1097/
BPO.0000000000001316. PMID: 30589678.  

• Glotzbecker M, Pahys J, Cahill, Sawyer JR, Vitale M, Grzywna A, Miller P. 
Hemoglobin Levels Pre- and Post-Treatment as a Surrogate for Disease Severity 
in Early Onset Scoliosis. Spine Deform. 2019 Jul;7(4):641-646. doi: 10.1016/j.
jspd.2018.11.002. PMID: 31202383 

• Harris LR, Arkader A, Broom A, Flynn J, Yellin J, Whitlock P, Miller A, Sawyer 
JR, Skaggs Dl, Choi PD. Pulseless Supracondylar Humerus Fracture With Anterior 
Interosseous Nerve or Median Nerve Injury-An Absolute Indication for Open Reduction? 
J Pediatr Orthop. 2019 Jan;39(1): e1-e7. doi: 10.1097/BPO.0000000000001238.   
PMID 30080770 

• Hartline J, Nolan V, Kelly DM, Sheffer BW, Spence DD, Pereiras L, Warner WC 
Jr, Sawyer JR. Operating Room Personnel Determine Effi ciency of Pediatric Spinal 
Fusions for Scoliosis.  Spine Deform. 2019 Sep;7(5):702-708. doi: 10.1016/j.
jspd.2019.02.003.  PMID: 31495469 
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• Herman MJ, Brown KL, Sponseller PD, Phillips JH, Petrucelli PM, Parikh DJ, 
Mody KS, Leonard JC, Moront M, Brockmeyer Dl, Anderson RCE, Alder AC, 
Anderson JT, Bernstein RM, Booth TN, Braga BP, Cahill PJ, Joglar JM, Martus 
JE, Nesiama JO, Pahys JM, Kathjen KE, Riccio AI, Schultz JR, Stans AA, Shah 
MI, Warner WC Jr, Yaszay B. Pediatric Cervical Spine Clearance: A Consensus 
Statement and Algorithm from the Pediatric Cervical Spine Clearance Working Group. 
J Bone Joint Surg Am. 2019 Jan 2;1010(1):e1. doi: 10.2106/JBJS.18.00217. PMID: 
30601421   

• Heyworth BE, Pennock AT, Li Y, Kalish LA, Dragonetti B, Ellis HB, Nepple J, 
Willimon C, Spence DD, Pandya NK, Kocher MS, Edmonds EW, Wilson P, Busch 
M, Sabatini C, Bae DS. Two-Year Functional Outcomes of Operative vs. Non-Operative 
Treatment of Completely Displaced Midshaft Clavicle Fractures in Adolescents: Results 
from a Prospective, Multicenter, Level 2 Study (2019 POSNA Annual Meeting-Best 
Clinical Paper). JPOSNA, November 2019. 

• Hosseinzadeh P, Obey MR, Nielsen E, Andras L, Kiebzak GM, Mignemi M, 
Sawyer JR, Albanses S, Flynn JM. Orthopaedic Care for Children: Who Provides It? 
How Has It Changed Over the Past Decade? Analysis of the Database of the American 
Board Of Orthopaedic Surgery. J Pediatr Orthop. 2019 Mar;39(3):e227-e231.  PMID: 
30358690 

• Hung CW, Vitale MG, Samdani Am, Matsumoto H, Smith JT, Sturm PF, Sponseller 
PD, Luhmann SJ, St. Hilaire T, El-Hawary R, Sawyer JR. Outcomes of Primary and 
Conversion Magnetically Controlled Growth Rods Are Different at Two-Year Follow-up. 
Spine Deform. 2019 Sep;7(5):829-835. doi: 10.1016/j.jspd.2019.01.002. PMID: 
31495485 

• Kaushal N, Chen C, Agarwal KN, Schrader T, Kelly DM, Dodwell ER. Capsulotomy 
in Unstable Slipped Capital Femoral Epiphysis and the Odds of AVN: A Meta-Analysis 
of Retrospective Studies. J Pediatr Orthop. 2019 Jul;39(6):e406-e411. doi: 10.1097/
BPO.0000000000001359.  PMID: 30994581 

• Kelly DM, Sawyer JR, Murphy R, Perchik J. Radiation Exposure in Adult and 
Pediatric Patients with Osteogenesis Imperfecta. Journal of Orthopaedics. J Orthop. 
2019 Mar 22;16(4):320-324. doi: https://doi.org/10.1016/j.jor.2019.03.008. PMID: 
30976147 

• Matsumoto H, Hyman JE, Shah HH, Sankar WN, Laine JC, Mehlman CT, Schrader 
T, Kelly DM, Rosenfeld SB, Janicki JA, Thacker MM, Trupia E, Mcquire MF, Kim 
HKW; International Perthes Study Group. Validation of Pediatric Self-Report Patient-
Reported Outcomes Measurement Information System (PROMIS) Measures in Different 
Stages of Legg-Calve-Perthes Disease. J Pediatr Orthop. 2019 July 16. doi: 10.1097/
BPO.0000000000001423. [Epub ahead of print]. PMID: 31318732. 

• Murphy RF, Barfi eld W, Corrigan C, Anari J, Sawyer JR, Pediatric Spine Study 
Group. Evolving Trends in the Inpatient Care of Early Onset Scoliosos. Spine Deform. 
2019 Nov;7(6):1022.  

• Murphy RF, Plumblee L, Barfi eld WB, Murphy JS, Fuerstenau N, Spence DD, Kelly 
DM, Dow MA, Mooney JR 3rd. Septic Arthritis of the Hip-Risk Factors Associated 
With Secondary Surgery. J Am Acad Orthop Surg. 2019 May 1;27(3):321-326. 
doi:10.5435/JAAOS-D-D018-0058 [Epub ahead of print] PMID: 30520802      

• Murphy F, Barfi eld W, Corrigan C, Anari J, Sawyer JR, Pediatric Spine Study 
Group. Spine Deform. 2019 Nov;7(6):1022. PMID: 31974959 

• Nielsen E, Andras LM, Hosseinzadeh P, Mignemi M, Sawyer JR, Flynn JM, 
Albanses S, Skaggs DL. Changes in Pediatric Spine Surgery Patterns Over the Last 
10 Years Among ABOS Part II Candidates. Spine (Phil Pa 1976). 2019 Jun 27. doi: 
10.1097/BRS.0000000000003072. [Epub ahead of print]. PMID: 3126126

• Obey MR, Lamplot J, Nielsen Ed, Andras LM, Mignemi M, Sawyer J, Glynn JM, 
Albanses SA, Hosseinzadeh P. Pediatric Sports Medicine, A New Subspecialty in 
Orthopedics: An Analysis of the Surgical Volume of Candidates for the American Board 
of Orthopaedic Surgery Part II Certifi cation Exam Over the Past Decade. J Pediatr 
Orthop. 2019 Jan;39(1):371-e76. PMID: 30363045 

• Richardson SM, Dove JH, Beaty JH, Sheffer BW, Spence DD, Warner WC Jr, 
Sawyer JR, Kelly DM. Flexible Intramedullary Nailing of Femoral Shaft Fractures: 
Closed Versus Open Reduction. J Pediatr Orthop B. 2019 Oct 22. Doi: 10.1097/
BPB.0000000000000685. [Epub ahead of print]. PMID: 31651747 

• Roaten JD, Kelly DM, Yellin JL, Flynn JM, Cyr M, Garg S, Broom A, Andras 
LM, Sawyer JR.  Pediatric Femoral shaft Fractures: A Multicenter Review of the 
AAOS Clinical Practice Guidelines Before and After 2009. J Pediatr Orthop. 2019 
Sep;39(8):394-399. doi: 10.1097/BPO.0000000000000982. PMID: 31393292)

• Roye B, Marciano G, Matsumoto H, Campbell M, White K, Sawyer JR, 
Smith J, Luhmann S, Sturm PF, Sponseller P, Vitale M, Pediatric Spine 
Study Group. Rod Diameter Does Not Infl uence Rod Fracture Rate after Surgical 
Treatment Using Magnetically Controlled Growing Rods. Spine Deformity. 2019 
November;7(6):1033-1034. PMID: 31974943

• Roye BD, Campbell ML, Matsumoto H, Pahys JM, Welborn MC, Sawyer JR, 
Fletcher ND, McIntosh Al, Sturm PF, Gomez JA, Roye DP, Lenke LG, Vitale 
MG; Children's Spine Study Group. Establishing Consensus on the Best Practice 
Guidelines for Use of Halo Gravity Traction for Pediatric Spinal Deformity. J Pediatr 
Orthop. 2019 Apr 15. doi: 10.1097/BPO.0000000000001379. [Epub ahead of print]. 
PMID 3099458 

• Sankar WN, Lavalva SM, Mcguire MF Lane JC, Kim HKW, International 
Perthes Study Group (Kelly DM). Does Early Proximal Femoral Varus Osteotomy 
Shorten the Duration of Fragmentation in Perthes Disease? Lessons From a 
Prospective Multicenter Cohort. J Pediatr Orthop. 2019 Sep 12. doi: 10.1097/
BPO.0000000000001451. PMID: 31524767 

• Spence DD, Cortices Study Group. Defi ning the Volume of Musculoskeletal Infections 
Evaluated by Pediatric Orthopaedic Surgeons in the Unites States.  Accepted to JBJS-
4.15.19 

• VanderHave KL, Cho RH, Kelly DM. What's New in Pediatric Orthopaedics. J Bone Joint 
Surg Am. 2019 Feb 20;101(4):289-295. doi:10.2106/JBJS.18.01078. PMID: 30810367 

• Villarreal ED, Wrenn JO, Sheffer BW, Sawyer JR, Spence DD, Kelly DM. Do Patient-
specifi c of Fracture-specifi c Factors Predict the Development of Acute Compartment 
Syndrome After Pediatric Tibial Shaft Fractures? J Pediatr Orthop. 2019 May 29.  doi: 
10.1097/BPO.0000000000001410. [Epub ahead of print]. PMID: 31157755 

• Warner WC Jr. Point of View: Management of Spinal Deformity in Cerebral Palsy. 
JPOSNA, 1(1): 1-2, November 2019 

• Wu JC, Daley E, Koueiter DM, Lilly R, Vara AD, Settecerri JJ. Operating Room 
Intervention Rates After Orthopaedic Resident-reduced Pediatric Both-Bone Forearm 
Fractures Relative to the Academic Calendar. J Pediatr Orthop. 2019 Aug 14. i: 
10.1097/BPO.0000000000001441. [Epub ahead of print]. PMID: 31425402 

PHYSICAL MEDICINE
• Martinez SF. A Heritage to Remember. Phys Med Rehabil Clin N Am. 2019 

Feb;30(1):xv. PMID: 30470432  

• Martinez SF. Impairment and Society: Efforts and Consequences. Phys Med Rehabil 
Clin N Am. 2019 Aug;30(3):xiii. doi: 10.1016/j.pmr.2019.05.002. PMID: 31227143 

• Martinez SF. It Is a New Beginning. Phys Med Rehabil Clin N Am. 2019 May;30(2):xiii. 
doi: 10.1016/j.pmr.2019.02.002. PMID: 30954162 

• Martinez SM. A Call to Arms. Phys Med Rehabil Clin N Am. 2019 Nov;30(4):xv. doi: 
10.1016/j.pmr.2019.08.003. No abstract available. PMID: 31563178 

SPORTS
• Arnholt BC, Lowell JA, Perkins MR, Mihalko WM, Kurtz SM. Postmortem Retrieval 

Analysis of Metallosis and Periprosthetic Tissue Metal Concentrations in Total Knee 
Arthroplasty. J Arthroplasty. 2019 Aug 19. pii:S0883-5403(19)30769-7. PMID: 
31699531

• Azar FM, Smith PJ. Knee Dislocations in the Morbidly Obese Patient. Sports Medicine 
and Arthroscopy Review, Nov. 2019. 

• Azar FM. Arthritis and Related Conditions. Orthop Clin North Am. 2019 Oct;50(4):xv-
xvi. doi: 10.1016/j.ocl.2019.06.005. Epub 2019 Jun 26. No abstract available. PMID: 
31466670 

• Azar FM. New Technologies in Orthopedics. Orthop Clin North Am. 2019 Jan;50(1):xv. 
Epub 2018 Oct 24. PMID: 30477711  

• Azar FM. Surgical Considerations for Osteoporosis, Osteopenia, and Vitamin D 
Defi ciency. Orthop Clin North Am. 2019 Apr;50(2):xi. doi.10.101/j.ocl.2019.01.001. 
Epub 2019 Feb 12. No abstract available. PMID: 30850084 

• Azar FM. Unique or Select Procedures. Orthop Clin North Am. 2019 July;50(3):xv-xvi. 
Epub 2019 Apr 16. No abstract available. PMID: 31084844 

• Bernholt DL, Kennedy MI, Crawford M, DePhilippo NN, LaPrade RF. Technical 
Note: Combined ACL Reconstruction and Lateral Extra-Articular Tenodesis. 
Arthroscopy Techniques. Arthrosc Tech. 2019 Jul 19;8(8):e855-e859. doi: 10.1016/j.
eats.2019.03.027. eCollection 2019 Aug. PMID: 31700789 
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• Bernholt DL, Lacheta L, Goldenberg B, Millett PJ. Technical Note: Arthroscopic 
Knotless Modifi ed McLaughlin Procedure for Reverse Hill-Sachs Lesion. Arthrosc Tech. 
2019 Dec 18;9(1):365-370. doi: 10.1016/j.eats.2019.09.002. eCollection 2020 Jan. 
PMID: 32021776

• Bernholt DL, Lake SP, Castile FM, Papangelou C, Hauck O, Smith MV. 
Biomechanical comparison of docking ulnar collateral ligament reconstruction with and 
without an internal brace. Journal of Shoulder and Elbow Surgery. J Shoulder Elbow 
Surg. 2019 Nov;28(11):2247-2252. doi: 10.1016/j.jse.2019.04.061. Epub 2019 Jul 
24. PMID: 31351903

• Bernholt DL, Lacheta L, Millett PJ. The Bony Bankart: Clinical and Technical 
Considerations. Sports Medicine and Arthroscopy Reviews. Accepted-2019 

• Bernholt DL, Smith MV; Ulnar Collateral Ligament Injury in the Elbow: Current 
Trends for Treatment. Annals of Joint: Emerging Trends in Elbow Injury, Pathology 
and Treatment. Accepted-2019 

• Brophy RH and Bernholt DL. Aquatic Orthopedic Injuries. Journal of the American 
Academy of Orthopedic Surgeons. 2019;27(6):191-9. 

• Crawford MD, Kennedy MI, Bernholt DL, DePhilippo NN, LaPrade RF. Technical 
Note: Combined PCL and Superfi cial MCL Knee Reconstruction: Avoiding Tunnel 
Convergence. Arthrosc Tech. 2019 Jul 30;8(8):e929-e933. doi: 10.1016/j.
eats.2019.05.002. eCollection 2019 Aug. PMID: 31700789 

• DePhillipo NN, Dekker TJ, Aman ZS, Bernholt DL, Grantham WJ, LaPrade RF. 
Incidence and Healing Rates of Meniscal Tears in Patients Undergoing Repair During 
The First-Stage of Two-Stage Revision ACL Reconstruction. Am J Sports Med. 2019 
Dec;47(14):3389-3395. doi: 10.1177/0363546519878421. Epub 2019 Nov 6. PMID: 
31693386 

• Kester B, Kouk S, Minhas SV, Azar FM, Bosco J. Effect of Shoulder Stabilization on 
Career Length and Performance in National Basketball Association Athletes. Bull Hosp 
Jt Dis. 2019;77(4):223-9. PMID: 31785133 

• Pharr ZK, Mascioli AA, Azar FM, Throckmorton TW. Cyclops Lesions After ACL 
Reconstruction: Bone-Tenon-Bone Autograph Compared to Hamstring Autograph.  
Accepted to COP-6/21/19 

• Provencher MT, Bernholt DL, Payne L, Millett PJ. Sternoclavicular Joint Instability 
and Reconstruction. Journal of the American Academy of Orthopedic Surgery. JAAOS. 
Accepted-2019 

• Smith MV, Castile FM, Dewan A, Bernholt DL, Brophy RH, Lake SP. Mechanical 
Properties and Microstructural Collagen Alignment of the Ulnar Collateral Ligament 
During Dynamic Loading.  Am J Sports Med. 2019 Jan;47(1):151-157. doi: 
10.1177/0363546518812416. Epub 2018 Nov 29. PMID: 30495972

SHOULDER AND ELBOW
• Acott TR, Brolin TJ, Azar FM, Smith RA, Throckmorton TW. A Quantitative Analysis 

of Deltoid Lengthening and Deltoid-related Complications After Reverse Total Shoulder 
Arthroplasty: A Retrospective Case-control Study. Accepted to COP-9/23/19 

• Audige L, Schwyzer h-k, Shoulder Arthroplasty Core Event Set Consensus Panel 
(Throckmorton TW), Durchhotz H. Core Set of Unfavorable Events of Shoulder 
Arthroplasty: An International Delphi Consensus Process. J of Shoulder Elbow Surg. 
August 2019. https://doi.org/10.1016/j.jse.2019.07.021  

• Braman J, Harrison AK, Shumate DH, Throckmorton TW. Outpatient and Semi-
outpatient Total Shoulder Replacement: Patient Selection and Program Management. 
2019. AAOS ICL 69. 

• Carver DC, Brolin TJ. Arthroscopic Management of Glenohumeral Arthritis. Orthop 
Clin North Am. 2019 Oct;50(4):521-528. doi: 10.1016/j.ocl.2019.05.007. Epub 2019 
Jul 5. Review. PMID: 31466667 

• Cox RM, Brolin TJ, Padegimas EM, Lazarus MD, Getz CL, Ramsey ML, Williams 
GR Jr, Abboud JA. Outcomes of Bilateral Shoulder Arthroplasties: A Comparison of 
Bilateral Total Shoulder Arthroplasties and Bilateral Reverse Shoulder Arthroplasties. 
Clin Ortho Surg. 2019 Sep;11(3):316-324. doi: 10.4055/cios.2019.11.3.316. Epub 
2019 Aug 12.  PMID: 31475053 

• Durchholz H, Salomonsson B, Moroder P, Lambert S, Page R, Audige L, 
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Thank you, Campbell Alumni  

The Campbell Foundation wishes to 
thank the Alumni who supported our 
mission in 2019.  
 
Thank you for making an impact!  
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your continued 
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Report from Alumni

May, 2020

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 the Campbell Orthopaedic 

Journal a reality.  

My, what an interesting few months that we have all experienced. During a typical March, 

we would have reconnected at Academy and celebrated old and new friendships at our Willis 

C. Campbell Club reception, but due to the pandemic our time together was cancelled.  All of 

our practices across the country have been impacted, and certainly the future of orthopaedics 

will undergo changes in response to this experience.  

On a positive note, as for the residency class of 2025, the Campbell Clinic has fully matched again this year. 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.  

Today’s residents will need an increasing amount of academic information and access to the very best educational 

materials and conferences to respond to the changing orthopaedic environment.  

As Campbell Alumni, it is our responsibility to sustain the Campbell tradition - and the Campbell Foundation 

needs our support now more than ever. Please consider a gift of financial support to the Campbell Foundation so that 

the next generation of orthopedic surgeons has every opportunity to excel in the future.

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
John M. Crates, 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
J. Kendall Ethridge, 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
Wayne B. Lockwood, 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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CHAD E. CAMPION, M.D.
Hometown: LongValley, New Jersey

Undergraduate Institution: Stevens Institute of Technology

Medical School: Rutgers-New Jersey Medical School

Dr. Campion is the third of four brothers. He followed in the footsteps of his father, a general surgeon, 
to pursue a career in medicine. As a child, he loved helping his dad suture his and his brothers’ childhood 
injuries at the kitchen table and also rounding with his father on the weekends.

Dr. Campion is engaged to Mary-Katherine, an attorney, whom he met through mutual friends.

Dr. Campion was injured playing lacrosse in college and required surgery on his shoulder. It was after his surgery that he 
decided to pursue a career in orthopaedics.

Plans After Campbell: Dr. Campion will complete a Spine Fellowship at Leatherman Spine in Louisville, Kentucky. He will 
then return to Campbell Clinic as a spine surgeon.

Dr. Campion adds, “Thank you to the staff for an amazing education. It has been an honor to be a resident with the specialists of 
the 2020 class.”

2020 GRADUATING ORTHOPAEDIC RESIDENTS

RYAN B. EADS, M.D.
Hometown: Marysville, Kentucky

Undergraduate Institution: University of Kentucky

Medical School: University of Kentucky College of Medicine

Dr. Eads is the older of two children. He is the fi rst in his family to choose medicine as a career, which 
happened as a result of suffering, in middle school, an achilles tendon injury that was operatively fi xed. 
Later, during his senior year in high school, he shadowed his surgeon in the OR and clinic, paving his way 
to chose orthopaedics as his specialty.

Ryan met his wife, Jordan, during undergrad at the University of Kentucky, and they married in 2015. They have an eleven-
month old named Jameson. 

Plans After Campbell: Dr. Eads will complete a Sports Medicine Fellowship at the University of Pittsburgh.

Dr. Eads adds, “Thanks to all the staff who have taken time out of their busy practice to educate us and to all my co-residents who 
have gone through this together, helping each other along and making every day memorable no matter what we went through.”
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PETER R. HENNING, M.D.
Hometown: Colgate, Wisconsin

Undergraduate Institution: Marquette University, Milwaukee, Wisconsin

Medical School: Medical College of Wisconsin, Milwaukee, Wisconsin

Dr. Henning is the older of two children. He follows in the footsteps of his mother, an occupational 
therapist, in choosing a career in medicine.

Dr. Henning is engaged to Sarah, a dietician at Regional One Health, and they planned to wed in May 
of this year. Unfortunately, due to COVID-19, they have postponed their ceremony until a later time. Dr. Henning does not 
yet have children, but he does consider his two dogs - Oliver and Darby - as well as two horses - Baloo and Smidgeon - as his 
family.

When asked why he chose medicine as a career: “My mother got me interested in medicine. I originally planned to be a physical 
therapist, but she got me connected with an orthopaedic surgeon she worked with and it immediately clicked with me.”

And why he chose orthopaedics as a specialty: “As above. I began shadowing an excellent orthopaedic trauma surgeon in high 
school. I continued working with him up until 3rd year of medical school when he relocated. Working with him showed me what a 
positive impact I could have on people’s lives by improving their musculoskeletal ailments.”

Plans After Campbell: Dr. Henning will complete a Hand Fellowship at Indiana Hand to Shoulder Center in Indianapolis, 
Indiana.

Dr. Henning adds, “I will be forever grateful for the people I have met here including faculty, staff, residents and fellows. You all 
have done more than just teach me how to be an orthopaedic surgeon, but you have given me a second home”.

2020 GRADUATING ORTHOPAEDIC RESIDENTS

MATTHEW N. FOURNIER, M.D.
Hometown: Cheyenne, Wyoming

Undergraduate Institution: University of Wyoming

Medical School: University of Wyoming School of Medicine

Dr. Fournier is an only child and is the fi rst in his family to pursue a medical career. He married his high 
school sweetheart, Abigail, an attorney, in 2011. They have two children, eighteen month old twins, Wynn 
and Clara.

Dr. Fournier chose medicine as a career because it provided an excellent way to use his passion for science.  When asked why 
he chose orthopaedics as a specialty, he said “because few other specialties allow such immediate grati� cation for both the patient 
and the physician as orthopaedics. For example, a patient debilitated by osteoarthritis can walk the next day after a total joint 
replacement. Giving a patient back their way of life is an incredible job.”

Plans After Campbell: Dr. Fournier will complete a Sports medicine fellowship, then join a general practice in Laramie, 
Wyoming.

Dr. Fournier adds, “To my fellow residents, thank you for the support, laughs and good times over the last � ve years. I wouldn’t 
have made it through without you. To the staff, thank you for teaching me both the techniques of orthopaedic surgery and the art of 
taking care of patients. The Campbell Clinic provides a truly unique atmosphere in which to learn orthopaedics. To Mom and Dad: 
Thank you for your unwavering support through every step of this process. And to Abby: Thank you for being the rock that holds 
our family together.”
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ANDREW M. HOLT, M.D.
Hometown: Knoxville, Tennessee

Undergraduate Institution: University of Tennessee

Medical School: Baylor College of Medicine

Dr. Holt is the oldest of three children and joins his sister, a nurse practitioner, in choosing a career in 
medicine. With a specialty in orthopaedics, he follows in the footsteps of his father, Dr. Michael Holt, an 
orthopaedic surgeon who graduated from Campbell Clinic residency in 1989.  

Dr. Holt met his wife, Hilarie, an optometrist, in Memphis and they married in 2019

When asked why he made medicine his career choice, he said, “Medicine is an ideal marriage of science, interpersonal skills, 
and technical prowess. I was drawn to the nature of the work and the opportunity to provide a service to my community. Seeing 
my father truly love his work only reinforced my decision.” When asked about orthopaedics in particular, he responded, “I 
immediately loved the physical and intuitive nature of orthopaedic surgery. The wide variety of patients and pathology kept work 
challenging. I especially enjoyed the opportunity to care for athletes and active individuals.”

Plans After Campbell: Dr. Holt will complete a Sports Medicine Fellowship at Mississippi Sports Medicine & Orthopaedic 
Center and then join the sports medicine staff  at Knoxville Orthopaedic Clinic.

Dr. Holt adds, “Thank you to the Campbell Clinic family for the instruction, support, and friendship over the past � ve years. I 
consider myself immeasurably blessed to learn orthopaedics from such leaders in the � eld. To my fellow residents, thank you for 
your friendship during this journey. You always made work ‘fun’ and constantly pushed me to seek excellence in work and life.”

2020 GRADUATING ORTHOPAEDIC RESIDENTS

CATHERINE R. OLINGER, M.D.
Hometown: Estes Park, Colorado

Undergraduate Institution: Creighton University

Medical School: Creighton University School of Medicine

When asked why she chose medicine as a career, Dr. Olinger explained, “Since I was young, I dreamed 
of becoming a doctor.  I have always had a passion to serve others and to heal.  Medicine provides an 
opportunity for me to leave a lasting outcome that I can be proud of. The lifetime of learning, problem 
solving, patient interactions- these are all aspects that make Medicine incredibly ful� lling.”

And why she chose orthopaedics: Orthopedics has given me an unforgettable experience of patient care that is unlike any other 
specialty. Treating broad aspects of healthcare such as private practice, service to uninsured populations, and management 
of patients from diverse backgrounds has been incredibly rewarding. My orthopedic education has empowered me to care 
for patients as a whole and to be mindful of all aspects of patient care. It is a profession that is surgically oriented, but at the 
same time provides the capacity to work and interact on a personal level with patients in the clinic. In the operating room, I 
experience an overwhelming rush of excitement for every procedure. Additionally, seeing the vast improvement in patients’ 
conditions through follow-up is incredibly rewarding. 

Plans After Campbell: Dr. Olinger will complete an Orthopedic Spine Fellowship at Harborview Medical Center in Seattle, 
Washington.

Dr. Olinger adds, “Thank you to all the faculty and staff that have been critical to our education at the clinic. I especially want 
to thank everyone who has personally helped me during residency.  Without the support of the Campbell Clinic staff, I would not 
have survived residency. Thank you to all the faculty who have shared their patients with us and for their understanding during our 
growth in becoming practicing surgeons. Thank you to the foundation staff who have made residency very rewarding and whom 
without I would not have been successful. Thank you to all my fellow residents who have been my brothers and sisters during our 5 
years together. Thank you all for being there for Eddie and Husband Chad; especially teaching Eddie to hunt, spit, and live life like 
a good Tennessee boy should.  I will always remember you all and cannot wait to continue to share stories for years to come.”
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2020 GRADUATING ORTHOPAEDIC RESIDENTS

ZACHARY K. PHARR, M.D.
Hometown: Nashville, Tennessee

Undergraduate Institution: Lipscomb University

Medical School: University of Tennessee Health Science Center

According to Dr. Pharr, he is the youngest and the wisest, of fi ve children. He is also the fi rst in his family 
to choose medicine as a career. He married his wife Kayla in 2011. They have two children, John Luke (3, 
going on 13), and Jane (1).

When asked why he chose to become a physician, he explained “It was my hope to have a meaningful impact on people’s lives 
combined with a natural inclination towards the sciences ultimately led me to pursue medicine.”

When asked about orthopaedics in particular: “Orthopaedics is incredible in that it allows one to use the skill of their hands to 
be a source of healing for patients with concrete pathology. It provides pain relief, deformity correction, and a pathway back to an 
active lifestyle.”

Plans After Campbell: Dr. Pharr will complete a Sports Medicine Fellowship at American Sports Medicine Institute in 
Birmingham, AL and then join Mid-Tennessee Bone & Joint Clinic

Dr. Pharr adds, “To the faculty, thank you for your patience, teaching, and willingness to allow me to assist in treating your patients. It 
has been an invaluable experience, and I owe you a great debt. To the residents, I wish you the best of luck. Continue to strive towards 
excellence in Orthopaedic care. Always guard your empathy and maintain a high standard for your patients. God bless.”



91

CAMPBELL ORTHOPAEDIC JOURNAL  •  VOLUME 6, 2020

CARSON M. RIDER, M.D.
Hometown:  McKenzie, Tennessee

Undergraduate Institution:  Union University at Jackson, Tennessee

Medical School:  University of Tennessee Health Science Center

Dr. Rider is the oldest of four brothers. He was the fi rst in his family to choose medicine as a career, 
however his brother Alex followed suit and is currently completing a residency in ophthalmology.

Dr. Rider met his wife, Jesse, a Women’s Health Nurse Practitioner, when he was one of the “fi rst 
responders” after she sustained a bad crush injury to her hand during college. They became friends shortly thereafter and 
married in 2014. They have two children, Hank and Ann Tipton.

When asked why he chose a medical career: “I had originally planned to pursue a career in professional clay target shooting. For 
me, shooting was a very self-gratifying sport that came with tons of trophies, lots of traveling, and unfortunately signi� cant hearing 
loss. I decided that I wanted a career that would allow me to make a greater impact on the lives of others. Medicine was a much 
more desirable � eld since it would allow me to devote my time and efforts into helping people in need.”

And why he chose orthopaedics: “Growing up in rural West Tennessee, I was always building things, taking them apart, and 
putting them back together again. As a very hands-on surgical subspecialty, Orthopaedic Surgery allows me to reconstruct and 
restore human anatomy to provide generally quick and satisfactory results to patients. The power tools are just the icing on the 
cake.”

Plans After Campbell: Dr. Rider will complete a fellowship in Foot and Ankle Surgery at Hospital for Special Surgery in New 
York City. After fellowship, he will return to Memphis to join the Campbell Clinic foot team.

Dr. Rider adds: “To my attending surgeons: I cannot thank you enough for all the of the time, patience, and teaching that you have 
poured into us. Our training at this program is top notch and it would not be the same without the outstanding staff surgeons that 
are truly devoted to resident education. I have learned so much from all of you, not only about Orthopaedics, but also about life. 
Thank you very much for all that you do for us and for your patients.”

“I want to give a special thanks to the foot and ankle staff for guiding and mentoring me as I begin my career as a foot and ankle 
surgeon. I am excited to come back and work with such a phenomenal group of surgeons.”

To my classmates: “I could not have asked for a better residency class. We came from all over this great country, but we have 
become a close Memphis family over the last 5 years. I wouldn’t trade anything for the times we have spent together. Thank y’all for 
always being there for me and I will miss each and every one of you.”

To the Campbell Clinic Residents: “The relationships that we have developed and the memories that we have made will last a 
lifetime. I have thoroughly enjoyed this journey with you and hopefully y’all have learned as a much from me as I have from you. 
Thank y’all for all of your hard work. Remember Dr. Azar’s mantra: Faith, Family, Campbell Clinic. If you live this out as you 
progress through residency, you will be successful.”

To my parents: “I am where I am today because of you. Thank you for teaching me the importance of hard work and putting others 
� rst. I really appreciate all of your love and support.”

To my wife: “You are the real MVP. You have been extremely understanding and have sacri� ced so much during my medical school 
and residency training. From the meals you make for us at the Med to the time you spend simply listening and talking after a long 
work day, you have been an outstanding life partner through all of this. Thank you for being there for me during the highs and the 
lows. There is no way I could have done this without you.”

2020 GRADUATING ORTHOPAEDIC RESIDENTS
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MICHAEL J. FLORACK, M.D.  
Hometown: Gastonia, North Carolina

Undergraduate Institution: University of Notre Dame, South Bend, Indiana

Medical School: Tulane University School of Medicine, New Orleans, Louisiana

Orthopaedic Residency: Allegheny Health Network, Pittsburgh, Pennsylvania

Dr. Florack is the second eldest - and only male - of fi ve children. He met his wife Katie while playing 
frisbee in college and they married in 2014. They have two children, Teresa (3) and Julie (1). 

Dr. Florack’s decision to choose medicine as a career came naturally as his father is an orthopaedic surgeon and his paternal 
grandfather is an OBGYN. 

On why he chose medicine: “I enjoy the application of science to real world function. I like the focus on helping individuals through 
team based dynamics.”

And orthopaedics in particular: “Because I like to � x broken things with a capacity to heal. I want to restore function to people in 
a meaningful way.  Post-op x-rays offer the opportunity to look at my work in a way I � nd personally rewarding.”

Plans After Campbell: Dr. Florack will join a community practice specializing in a mix of trauma and arthroplasty. 

Dr. Florack adds, “Thanks to Drs. Weinlein, Rudloff, and Beebe for their excellent mentorship this year, and to all of the CC 
residents for their tireless and diligent patient care at the Med.”

ELIZABETH M. FRIEDMANN, M.D.  
Hometown: Frederick, Maryland

Undergraduate Institution: University of Georgia, Athens, Georgia

Medical School: Virginia Tech Carilion School of Medicine, Roanoke, Virginia

Orthopaedic Residency: University of Maryland Medical Center, Baltimore, Maryland

Dr. Friedmann has an older sister and is the fi rst in her family to pursue a career in medicine. 

When asked about her decision to choose medicine as a career, she replied, “I wanted to be in a � eld that 
was continually challenging, and one where I would be of service to my community.”

And orthopaedics in particular: “I have always enjoyed building and home improvement projects.  I loved the physicality of 
orthopaedics and that we are able to create a measureable change for patients in the operating room.”  

Plans After Campbell: Dr. Friedmann will join a practice in Annapolis, MD. as a foot & ankle specialist. 

Dr. Florack adds, “I am so grateful to have had the opportunity to work with great surgeons and mentors who are also fantastic 
people.”

2020 ORTHOPAEDIC FELLOWS



93

CAMPBELL ORTHOPAEDIC JOURNAL  •  VOLUME 6, 2020

2020 ORTHOPAEDIC FELLOWS

KARIM K. MAHMOUD, M.D.  
Hometown: Alexandria, Egypt  

Undergraduate Institution: Alexandria University, Alexandria, Egypt

Medical School: Alexandria College of Medicine, Alexandria, Egypt

Orthopaedic Residency: Hamad Medical Corporation, affi liated with Weill Cornell College of Medicine 
in Doha, Qatar 

Dr. Mahmoud has one brother, and is the fi rst in his family to choose medicine as a career. His wife, 
Youssra, is a physician and they met through mutual friends during the Alexandria-Egyptian Revolution. 

They married in 2012 and have a seven-year-old child, Yahia.

When asked why he chose a career in medicine, he explained, “Once I had � nished high school, I decided that I wanted to pursue 
studying medicine. I was interested in learning more about how I could save lives and help people feel better.”

And about orthopaedics in particular, he said “I had to join the Egyptian army for one year obligatory service, and that was one of 
the most important turning points in my life. I started my year with the eruption of the Egyptian revolution and I was dealing daily 
with a lot of emergency cases and severe injuries.”

Plans After Campbell: Dr. Mahmoud will complete a Foot and Ankle Fellowship at Emory University. 

Dr. Mahmoud adds, “Thanks to all of the Campbell Clinic family for the wonderful year.” 

SIERRA G. PHILLIPS, M.D. 
Hometown: Kennesaw, Georgia

Undergraduate Institution: University of Georgia, Athens, Georgia

Medical School: Medical College of Georgia, Augusta, Georgia

Orthopaedic Residency: University of Alabama at Birmingham, Birmingham, Alabama 

Dr. Phillips is the second of three children and is the fi rst in her family to choose medicine as a career. She 
met her husband Joel, a pharmacist, while playing soccer in high school and they married in 2014. They 
have a nine-month-old son, Andrew Delaney. 

When asked why she chose a career in medicine, she replied, “I remember accompanying my family members to doctor’s visits 
when I was younger, and I was fascinated with how doctors could help make their patients better.”

And when asked why she chose orthopaedics in particular, Dr. Phillips explained, “It is fairly cliche, but I was an athlete and had 
several injuries in my youth requiring the attention of orthopaedic surgeons. My doctors became my mentors.”

Plans After Campbell: Dr. Phillips has signed with orthopaedic group OrthoAtlanta in her hometown.

Dr. Phillips adds, “Thank you to the faculty who have taken the time to teach and allowed me the privilege of working with them 
and their patients. Thank you to the staff for being so supportive! Thank you to residents and other fellows for being friendly and 
helpful both at work and outside of work.”
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MICHAEL L. SIMS, M.D. 
Hometown: Columbus, Georgia

Undergraduate Institution: LaGrange College, LaGrange, Georgia

Medical School: Mercer University School of Medicine, Macon, Georgia

Orthopaedic Residency: Greenville Health System, Greenville, South Carolina 

Dr. Sims is the oldest of  three children and follows his father, a family practice physician, with a career 
in medicine. He met his wife Misty at church and they married in 2012. They have two children - 
Asa (6) and Vivian (3).  

When asked why he chose a career in medicine, Dr. Sims explained, “I enjoy talking with people, the personal interaction, and 
performing a job that is valued by my patients.” 

And when asked why he chose orthopaedics in particular, he replied “I enjoy seeing people walk again.” 

Plans After Campbell: Dr. Sims is joining a practice as a Foot & Ankle specialist in Greenville, South Carolina. 

Dr. Sims adds, “Thank you to Drs. Richardson, Bettin, Murphy, and Grear for their patience with and con� dence in me.” 

JESSICA M. WELTER, M.D.  
Hometown: Longmont, Colorado 

Undergraduate Institution: Colorado State University, Fort Collins, Colorado

Medical School: Touro University Nevada, Henderson, Nevada 

Orthopaedic Residency: University Hospitals, Cleveland, Ohio

Dr. Welter is an only child and the fi rst in her family to pursue a career as a physician. She met her 
husband Scott, a Production Control Manager, at Crossfi t and they were just recently married. They have 
a daughter, Mia (1). 

When asked why she chose a career in medicine, Dr. Welter replied, “As long as I can remember I’ve wanted to be a doctor, I 
never saw myself as anything else.” 

And when asked why she chose orthopaedics in particular she explained, “As orthopedists, we offer solutions and focus on 
improving quality of life for our patients. I think that is a cool and unique feature that separates us from many other specialties. Not 
to mention, it’s fun!” 

Plans After Campbell: Dr. Welter will join a practice in Washington, MO, outside of St. Louis.

Dr. Phillips adds, “This has been a great year; Campbell Clinic is an amazing institution with wonderful people at all levels. I can’t 
thank my attendings and staff enough for the education and experience I’ve had this year. Overall, I’m very blessed to be here and 
thank you all for giving me this opportunity.”
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Current Orthopaedic Residents

CLINICAL YEAR 2
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

INTERNS
Tyler E. Calkins, M.D.

Undergraduate: West Virginia University 
Medical School: West Virginia University 

School of Medicine

David W. Cooper, M.D.
Undergraduate: Tusculum College

Medical School: East Tennessee State University 
James H. Quillen College of Medicine

Zachary R. Diltz, M.D.
Undergraduate: The University of Alabama

Medical School: Ohio State University College of Medicine

Ilya M. Gutman, M.D.
Undergraduate: The University of Alabama

Medical School: University of Alabama 
School of Medicine

Claire E. Hays, M.D.
Undergraduate: Louisiana State University
Medical School: Louisiana State University 

School of Medicine

W. Colby Skinner, M.D.
Undergraduate: University of Georgia

Medical School: Medical College of Georgia 
at Augusta University

Carson J. Smith, M.D.
Undergraduate: University of Miami

Medical School: USF Health Morsani 
College of Medicine

Clayton W. Wing, M.D.
Undergraduate: University of Georgia

Medical School: Medical College of Georgia 
at Augusta University
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CLINICAL YEAR 3
Nathaniel B. Alexander, M.D. 

Undergraduate: University of Arkansas 
Medical School: University of Arkansas 

for Medical Sciences College of Medicine 

Stephanie N. Chen, M.D. 
Undergraduate: Case Western Reserve University 

Medical School: University of Toledo 
College of Medicine 

Travis B. Eason, M.D. 
Undergraduate: North Carolina State University 

Medical School: Brody School of Medicine 
at East Carolina University 

Richard A. Hillesheim, M.D. 
Undergraduate: Washington University in St. Louis 

Medical School: Sidney Kimmel Medical College 
at Thomas Jefferson University 

Austin B. Murphy, M.D. 
Undergraduate: Samford University 

Medical School: University of Alabama 
School of Medicine 

David L. Parker, M.D. 
Undergraduate: Brigham Young University 

Medical School: University of North Dakota 
School of Medicine and Health Sciences 

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

Devon Tobey, M.D. 
Undergraduate: University of Georgia 

Medical School: Mercer University School of Medicine

CLINICAL YEAR 4
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’ Mathew, 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



Learn more at WishBoneMedical.com.



Know more.
Cut less.
Know how some things are simply better 
together? Like the knowledge that comes 
from a CT-based plan that captures each 
patient’s unique anatomy, and Mako’s 
AccuStop™ haptic technology, which helps 
you use this knowledge to precisely and 
accurately cut what you’ve planned.1,2,3

So you know more and cut less.4,5,6,7*

That’s Mako. SmartRobotics™.

*  For the Mako Total Knee application, “cut less” refers to less soft tissue damage and greater bone preservation as compared to manual surgery.5,6 For the 
Mako Total Hip and Partial Knee applications, “cut less” refers to greater bone preservation as compared to manual surgery.4,7

1.  Anthony I, Bell SW, Blyth M, Jones B et al. Improved accuracy of component positioning with robotic-assisted unicompartmental knee arthroplasty. J Bone Joint Surg Am. 
2016;98-A(8):627-35.

2.  Illgen, R, Bukowski, B, Abiola, R, Anderson, P, Chughtai, M, Khlopas, A, Mont, M. Robotic-assisted total hip arthroplasty: Outcomes at minimum two year follow up. 
Surgical Technology International. 2017 July 25; 30:365-372.

3.  Mahoney O, Kinsey T, Mont M, Hozack W, Orozco F, Chen A. Can computer generated 3D bone models improve the accuracy of total knee component placement compared to 
manual instrumentation: a prospective multi-center evaluation? International Society for Technology in Arthroplasty 32nd Annual Congress. Toronto, Canada. October 2-5, 2019.  

4.  Suarez-Ahedo, C; Gui, C; Martin, T; Chandrasekaran, S; Domb, B. Robotic arm assisted total hip arthoplasty results in smaller acetabular cup size in relation to the femoral 
head size: A Matched-Pair Controlled Study. Hip Int. 2017; 27 (2): 147-152.

5.  Haddad, F.S, et al. Iatrogenic Bone and Soft Tissue Trauma in Robotic-Arm Assisted Total Knee Arthroplasty Compared With Conventional Jig-Based Total Knee Arthroplasty: 
A Prospective Cohort Study and Validation of a New Classification System. J Arthroplasty. 2018 Aug;33(8):2496-2501. Epub 2018 Mar 27.

6.  Hozack, W,  Chen, A, Khlopas, A, Mahoney, O, Mont, M, Murray, T, Orozco, F, Higuera Rueda, C, Stearns, K. Multicenter Analysis of Outcomes after Robotic-Arm Assisted Total 
Knee Arthroplasty. American Academy of Orthopedic Surgeons Annual Meeting. Las Vegas, NV. March 12-16, 2019.

7.  Banks, Scott A, PhD. Haptic Robotics Enable a Systems Approach to Design of a Minimally Invasive Modular Knee Arthroplasty. Am J Orthop. 2009;38(2 suppl):23-27. 
February 2009.

A surgeon must always rely on his or her own professional clinical judgment when deciding whether to use a particular product when treating a particular patient. Stryker 
does not dispense medical advice and recommends that surgeons be trained in the use of any particular product before using it in surgery. The information presented is intended 
to demonstrate the breadth of Stryker’s product offerings. A surgeon must always refer to the package insert, product label and/or instructions for use before using any of 
Stryker’s products.

Products may not be available in all markets because product availability is subject to the regulatory and/or medical practices in individual markets. Please contact your sales 
representative if you have questions about the availability of products in your area. Stryker Corporation or its divisions or other corporate affiliated entities own, use or have 
applied for the following trademarks or service marks: AccuStop, Mako, SmartRobotics, Stryker. All other trademarks are trademarks of their respective owners or holders.

MKOSYM-AD-9_22370 
Copyright © 2019 Stryker

Visit makosmartrobotics.com to learn more.



 FOR PATIENTS WITH OSTEOARTHRITIS KNEE PAIN 

 GO WITH A HYALURONIC ACID 

DESIGNED FOR 
PERFORMANCE1,2*

EUFLEXXA® is a registered trademark of Ferring B.V.       ©2019 Ferring B.V. All rights reserved.    07/19    US-EU-2000049

INDICATION
EUFLEXXA® [1% sodium hyaluronate] is indicated for the treatment of pain in 
osteoarthritis [OA] of the knee in patients who have failed to respond adequately to 
conservative nonpharmacologic therapy and simple analgesics [eg, acetaminophen].

IMPORTANT SAFETY INFORMATION
EUFLEXXA is contraindicated in patients who have a known hypersensitivity to 
hyaluronate preparations or who have knee joint infections, infections, or skin disease in 
the area of the injection site.
EUFLEXXA should not be administered through a needle previously used with medical 
solutions containing benzalkonium  chloride. Do not use skin disinfectants for skin 
preparation that contain quaternary ammonium salts.
Do not inject intravascularly due to potential for systemic adverse events.
The safety and effectiveness of injection in conjunction with other intra-articular 
injectables, or into joints other than the knee have not been studied. Remove any joint 
effusion prior to injecting. Transient pain or swelling of the injected joint may occur after 
intra-articular injection with EUFLEXXA.
The most common adverse events related to EUFLEXXA injections reported in 12- and 
26-week clinical studies were arthralgia,  back pain, pain in extremity, musculoskeletal 
pain, and joint swelling. In an open-label extension of the 26-week clinical study  with 
repeat series of injections, the most common adverse events related to EUFLEXXA at 
Week 52 were arthralgia and joint  swelling. 

Please see Brief Summary of full Prescribing Information on adjacent column.

GIVE THEM EUFLEXXA FOR LONG-LASTING  
PAIN RELIEF3†

* In a well-controlled, 12-week, pivotal clinical trial, the primary endpoint measured noninferiority in safety and effectiveness between 
EUFLEXXA and Synvisc in 321 patients with confirmed OA of the knee.

† In a 26-week, multicenter, randomized, double-blind trial, the primary endpoint measured efficacy between EUFLEXXA and saline in 
588 patients with confirmed OA of the knee.

BRIEF SUMMARY Please consult package insert for full Prescribing Information.

INDICATION 
EUFLEXXA® (1% sodium hyaluronate) is 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).

CONTRAINDICATIONS 
•  Do not use EUFLEXXA® to treat patients who have a known hypersensitivity to hyaluronan  

preparations.

•  Do not use EUFLEXXA® to treat patients with knee joint infections, infections or skin disease in the 
area of the injection site.

WARNINGS 
•  Mixing of quaternary ammonium salts such as benzalkonium chloride with hyaluronan solutions 

results in formation of a precipitate. 

  EUFLEXXA® should not be administered through a needle previously used with medical solutions 
containing benzalkonium chloride. Do not use disinfectants for skin preparation that contain quater-
nary ammonium salts.

• Do not inject intravascularly because intravascular injection may cause systemic adverse events.

PRECAUTIONS
General 
•  Patients having repeated exposure to EUFLEXXA® have the potential for an immune response; 

however, this has not been assessed in humans.

•  Safety and effectiveness of injection in conjunction with other intra-articular injectables, or into joints 
other than the knee has not been established.

• Remove any joint effusion before injecting.

•  Transient pain or swelling of the injected joint may occur after intra-articular injection with  
EUFLEXXA®.

•  Do not use after expiration date.

• Protect from light.

• Do not re-use—dispose of the syringe after use.

• Do not use if the blister package is opened or damaged.

Information for Patients 
•   Transient pain and/or swelling of the injected joint may occur after intra-articular injection of 

EUFLEXXA®.

•   As with any invasive joint procedure, it is recommended that the patient avoid any strenuous  
activities or prolonged (i.e., more than 1 hour) weight-bearing activities such as jogging or tennis 
within 48 hours following intra-articular injection.

•   The safety of repeated treatment cycles of EUFLEXXA® has been established up to 1 year.

Use in Specific Populations 
•  Pregnancy: The safety and effectiveness of EUFLEXXA® have not been established in pregnant 

women.

•  Nursing Mothers: It is not known if EUFLEXXA® is excreted in human milk. The safety and  
effectiveness of EUFLEXXA® have not been established in lactating women.

• Children: The safety and effectiveness of EUFLEXXA® have not been demonstrated in children.

ADVERSE REACTIONS 
Adverse event information regarding the use of EUFLEXXA® as a treatment for pain in OA of the knee 
was available from two sources; a 12 week multicenter clinical trial conducted in Germany, and a 26 
week multicenter trial conducted in the U.S.

Report Device-Related Adverse Events 
The most common adverse events related to EUFLEXXA® injections reported in the clinical studies are 
arthralgia, back pain, pain in extremity, musculoskeletal pain and joint swelling.

Potential Adverse Events 
Potential adverse events that may occur in association with intra-articular injections are arthralgia, joint 
swelling, joint effusion, injection site pain and arthritis. 

12 Week Multicenter Clinical Study 
In a prospective randomized, double blinded, active control (commercially available hyaluronan product) 
study conducted at 10 centers. Three hundred twenty-one patients were randomized into groups of 
equal size to receive either EUFLEXXA® (n=160) or the active control (n=161). A total of 119 patients 
reported 196 adverse events; this number represents 54 (33.8%) of the EUFLEXXA® group and 65 
(44.4%) of the active control group. There were no deaths reported during the study. Incidences of 
each event were similar for both groups, except for knee joint effusion, which was reported by 9 
patients in the active control group and one patient in the EUFLEXXA® treatment group. A total of 160 
patients received 478 injections of EUFLEXXA®. There were 27 reported adverse events considered 
to be related to EUFLEXXA® injections: arthralgia – 11 (6.9%); back pain – 1 (0.63%); blood pressure 
increase – 3 (1.88%); joint effusion – 1 (0.63%); joint swelling – 3 (1.88%); nausea – 1 (0.63%); 
paresthesia – 2 (1.25%); feeling of sickness of injection – 3 (1.88%); skin irritation – 1 (0.63%); ten-
derness in study knee – 1 (0.63%). Four adverse events were reported for the EUFLEXXA® group that 
the relationship to treatment was considered to be unknown: fatigue – 3 (1.88%); nausea – 1 (0.63%). 

26 Week Multicenter Study 
In a multicenter, randomized, double-blind trial evaluating the efficacy and safety of EUFLEXXA® as 
compared with saline, in subjects with chronic osteoarthritis of the knee followed by an open labeled 
safety extension study. The intervention consisted of three (3) weekly injections of study device into the 
target knee, with scheduled follow-up evaluations during the 26 weeks following the first injection. In 
the extension phase subjects received three (3) weekly injections of EUFLEXXA® into the target knee 
with follow-up evaluation up to 52 weeks. Twenty-three serious TEAEs were reported in 19 (3.2%) 
subjects during the study: 10 (3.4%) subjects in the EUFLEXXA® group and 9 (3.1%) subjects in the 
saline group. One of these events was considered related to the study device (increased redness of the 
left knee joint in the EUFLEXXA® group). Eight (1.4%) subjects had 9 TEAEs leading to discontinuation: 
3 (1.0%) subjects in the EUFLEXXA® group and 5 (1.7%) subjects in the saline group. Twelve (2.8%) 
subjects reported 20 TEAEs during the extension phase. Six of these subjects had received EUFLEXXA® 
during the core study. None of these serious TEAEs was considered related to the study device, and 
all resolved. Two (0.5%) subjects has TEAEs leading to discontinuation from the study, one of whom 
received EUFLEXXA® during the core study; both subjects had events that were considered unrelated 
to study device.

This product is not made with natural rubber latex.
See EUFLEXXA® DIRECTIONS FOR USE
For more information, go to www.euflexxa.com. 

To report SUSPECTED ADVERSE REACTIONS, contact FERRING PHARMACEUTICALS Inc.  
at 1-888-FERRING (1-888-337-7464) or FDA at 1-800-FDA-1088 or www.fda.gov/medwatch.

Rx only

MANUFACTURED FOR: 

FERRING PHARMACEUTICALS INC.
Parsippany, NJ 07054
EUFLEXXA® is a registered trademark of Ferring B.V. 
© 2018 Ferring B.V. 
Based on 6309501103
Rev 05/2018 EU/1128/2019/US

REFERENCES: 1. EUFLEXXA [package insert]. Parsippany, NJ: Ferring Pharmaceuticals Inc.  2. Kirchner M, Marshall D. A double-blind randomized controlled trial  
comparing alternate forms of high molecular weight hyaluronan for the treatment of osteoarthritis of the knee. Osteoarthritis Cartilage. 2006;14(2):154-162.   
3. Altman RD, Rosen JE, Bloch DA, et al. A double-blind, randomized, saline-controlled study of the efficacy and safety of EUFLEXXA for treatment of painful  
osteoarthritis of the knee, with an open-label safety extension (the FLEXX Trial). Semin Arthritis Rheum. 2009;39(1):l-9.



Real Intelligence

There’s nothing artificial 
about our intelligence.

Surgeon-controlled, handheld 
intelligence for a modern, 
robotic approach

*Pending 510k clearance for TKA
◊Trademark of Smith+Nephew



The Power of Choice.
Bioventus is the only company that  
offers a complete portfolio with three  
hyaluronic acid treatment options for  
your osteoarthritis knee pain needs.

Single-injection  
treatment

Three-injection  
treatment 

Five-injection  
treatment 

DUROLANE.com

GELSYN3.com

SupartzFX.com

Summary of Indications for Use for DUROLANE: is indicated for the treatment of pain in osteoarthritis (OA) of the knee in patients who have failed to respond 
adequately to conservative non-pharmacological therapy or simple analgesics, e.g. acetaminophen.  
 
Do not inject DUROLANE in patients with knee joint infections, skin diseases, or other infections in the area of the injection site. Do not administer to patients with known 
hypersensitivity or allergy to sodium hyaluronate preparations. Risks can include transient pain or swelling at the injection site.  
 
DUROLANE has not been tested in pregnant or lactating women, or children. Full prescribing information can be found in product labeling, at www.DUROLANE.com, or 
by contacting Bioventus Customer Service at 800-836-4080. 
 
Summary of Indications for Use for GELSYN-3: is 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). Do not administer to patients with known hypersensitivity (allergy) to sodium 
hyaluronate preparations. Do not inject GELSYN-3 into the knees of patients  having knee joint infections or skin diseases or infections in the area of the injection site. 
 
GELSYN-3 is not approved for pregnant or nursing women, or children. Risks can include general knee pain, warmth and redness or pain at the injection site. Full 
prescribing information can be found in  product labeling, at www.GELSYN3.com or by contacting Customer Service at 800-836-4080. 
 
Summary of Indications for Use for SUPARTZ FX: is indicated for 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. You should not use SUPARTZ FX if you have infections or skin 
diseases at the injection site or allergies to poultry products. SUPARTZ FX is not approved  for pregnant or nursing women, or children. Risks can include general knee 
pain, warmth and redness or pain at the injection site.  
 
Full prescribing information can be found at www.SupartzFX.com or by contacting Customer Service at 800-836-4080. 
 
Bioventus, the Bioventus logo and DUROLANE are registered trademarks of Bioventus LLC. GELSYN-3 is a trademark of Bioventus LLC.  
SUPARTZ FX is a trademark of Seikagaku Corp.     SMK-002498    4/18     ©2018 Bioventus LLC

For Commitment and Convenience: Choose Bioventus
Learn more at Bioventus.com
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•  Intraoperative flexibility
•  Real-time glenoid vault visibility
•  Improved accuracy – verified implant placement1,2

•  Better fixation3,4

•  Time neutral after initial cases5,6

•  No capital cost

Available for use exclusively with the Equinoxe® Platform 
Shoulder System and its comprehensive glenoid solutions 
- now featuring the Small Reverse Shoulder.

From Planning to Placement: 
Verified. 

HIP | KNEE | EXTREMITIES | CAS | BIOLOGICS | CEMENT | SPACERS

WWW.EXAC.COM

References available on www.EquinoxeNumbers.com.

Not all devices shown are available in every market. This image is a representational graphic for illustration purposes and not an actual picture of ExactechGPS.
ExactechGPS is manufactured by Blue Ortho and distributed by Exactech, Inc.

Preoperative  
Planning 

Real-Time  
Navigation

A Better  
Executed Case + =

12-0001056_2020_US_JSES_April_ExactechGPS_Shoulder_Planning_Print_Ad.indd   112-0001056_2020_US_JSES_April_ExactechGPS_Shoulder_Planning_Print_Ad.indd   1 3/5/20   12:10 PM3/5/20   12:10 PM



CA
MPBELL FOUNDATION

ESTABLISHED 1946


