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This is the 108th year for the 
Department of Orthopaedic Surgery 
at University Hospitals Case Medical 
Center.  We are continuing our 
mission to provide exceptional 
patient care, leading basic and clinical 
research, and top-notch education 
to our medical students, residents, 
and fellows. Through first-rate 
medical care, personalized attention 
and innovative scientific research.  
This is reflected in our leadership in 
NIH funding to our primary affiliate 
relationship with Case Western 
Reserve University School of 
Medicine and our consistent ranking 
among the nation’s leading centers 
for orthopaedic care according to 
U.S.News & World Report.  In addition, 
our department now provides care 
to the Cleveland Browns football 
organization, a partnership that we 
expect to be mutually beneficial for 
years to come.
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We are proud to introduce the 
eleventh edition of the Case 

Orthopaedic Journal. Every year, we 
dedicate the Journal to an individual 
who has made a profound impact on 
patient care while providing an example 
through leadership and involvement 
in the resident experience at Case 
Western Reserve University. This year, 
we recognize George H. Thompson, MD, 
the Director of Pediatric Orthopaedics at 
Rainbow Babies & Children’s Hospital at 
University Hospitals Case Medical Center. 

Dr. Thompson joined the department in 
1979 after completing his orthopaedic 
surgery residency at the University of 
California Los Angeles Medical Center, 
followed by a fellowship in pediatric 
orthopaedics at the Hospital for Sick 
Children in Toronto, Ontario under the 
supervision of Robert B. Salter, M.D., 
FRCS(C). He is currently vice-Chairman of 
the Department of Orthopaedic Surgery, 
the Co-Chair of the Salter Society for the 
Hospital for Sick Children; Co-Editor of 
the Journal of Pediatric Orthopaedics; 
President/CEO of the SICOT Foundation; 
member of the Shriner’s Hospital for 
Children Medical Advisory Board and 
Executive Committee of the Growing 
Spine Study Group. He is the Past-
President of the Ohio Orthopaedic Society, 
the Pediatric Orthopaedic Society of 
North America (POSNA), and the Scoliosis 
Research Society (SRS). He is a Past-
Deputy Editor of Pediatric Orthopaedics 
for the Journal of Bone and Joint Surgery 
American. 

Dr. Thompson’s footprint in Orthopaedic 
Surgery has been enormous. He has 
received numerous honors and awards, 
most notably the American Orthopaedic 
Association (AOA) North American 
Traveling Fellowship, an endowed chair 
from this institution, the POSNA Arthur 

H. Huene Award, and most recently 
the SRS Lifetime Achievement Award 
and University Hospitals Distinguished 
Physician Award. He has shared his 
experience through over 150 visiting 
professorships and guest lectureships. 
He has published 161 peer-reviewed 
articles, 87 chapters in textbooks and 
edited 4 textbooks. He has presented 
more than 700 regional, national and 
international lectures.

Dr. Thompson continues to educate and 
inspire our residents on a daily basis. 
The PGy-4 experience on his service is 
second-to-none, and even the junior 
residents get to share in his enthusiasm 
for patient care as he guides us through 
morning indications conference each 
week. We thank Dr. Thompson for his 
contribution to our education and to the 
field we are all so blessed to be entering, 
and we dedicate this journal in his honor.

                DEDICATION TO GEORGE H. THOMPSON, MD

Dr. George H. Thompson
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Dr. Thompson wanted to express his 
gratitude to his residents and peers for 
this year’s dedication.  At his request, we 
have reprinted his prepared speech from 
his recent Distinguished Physician Award, 
given to him by the University Hospitals’ 
Society of 1866.

 I would like to thank Dr. Rothstein 
for his kind introduction as well as 
those members of University Hospitals 
Case Medical Center responsible for 
selecting me for this award. I do not 
truly understand exactly why I am being 
recognized but it is an honor I humbly 
accept. 

Since being notified in January I have 
had 10 months to reflect on my career at 
Rainbow Babies and Children’s Hospital 
. As many of you know I have spent my 
entire career at Case Medical Center as 
have most of my associates. Longevity 
has been a major key to my success. This 
became even more obvious  seeing one 
of my previous patients, Carrie Meisel, in 
person on the video.

I would  like to begin with a recent quote 
from a close personal friend who could 
not be here tonight – “success is not a 
goal but a way of life”.  As a consequence, 
it becomes obvious that one cannot 
achieve this type of recognition alone and 
I am no exception.  

There are many institutions and 
individuals that have contributed to my 
success.  I strongly feel that establishing 
long-term relationships with my various 
institutions, faculty and friends has been 
a major factor in my academic success.  

That is why tonight there are friends from 
high school, college, medical school, UCLA 
, United States Air Force, the Hospital for 
Sick Children, current and former fellows 
as well as past and present  faculty, and 
patients and their families in attendance.  
Many of the physicians are strong 
academic leaders within their own right.   
I owe all of them my sincere gratitude for 
their support over the decades.  

Perhaps my greatest inspiration 
and motivation comes for my own 
department.  It is hard to believe I 
been associated with the likes of 
Charles Herndon,  Kingsbury Heiple, Les 
Nash, victor Goldberg, victor Frankel, 
Al Burstein,  Henry Bohlman, Daniel 
Cooperman, Randy Marcus and others 

during my career in Cleveland.  These are 
among  the most outstanding minds in 
the orthopaedic surgery in North America, 
if not the world.  When I finally retire it 
will be with great pride that I walk into 
history with them.  

I also owe a great deal of thanks to my 
current and previous division faculty 
for their cooperation, support and their 
willingness to embrace the academic 
mission I so passionately believe in.. 
This has allowed all of us to present the 
results of our academic pursuits on a 
national and international level.  This 
has resulted in the Division of Pediatric 
Orthopaedics continually being one of US 
News and World Report highest ranked 
programs.  (continued on next page)

                                                     FROM GEORGE H. THOMPSON

Dr. Thompson speaks at University Hospitals’ Society of 1866.
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I am also blessed by having Janice’s 
mother, Mildred Ellison, with us tonight.  
I would like to personally thank her for 
raising such a wonderful daughter who 
became my wife. 

Next is Connie Poe-Kochert my nurse 
practitioner for 34 years.  Connie is the 
backbone of our research program in 
pediatric spinal deformity.  She developed 
and maintains our pediatric orthopaedic 
spine database, which is one of largest in 
the world, and coordinates our research 
program.  Along the way she has 
become a nationally and internationally 
recognized  pediatric orthopaedic nurse.

In conclusion, I again want to again 
thank those responsible for giving me 
this award. It is truly an honor to be the 
recipient of such a prestigious award.

On a personal level I have  been blessed 
by 2 special women in my personal and 
professional life.  They have cared for me, 
advised me, assisted me, criticized me 
when necessary for 81 adult years.  First 
is my wife of 47 years, Janice Thompson.  
She is the love of my life, the mother of 
our 4 children, the grandmother of 6, the 
CFO of the family and my best friend.  I 
have enjoyed on numerous occasions 
telling an audience such as this that 
my wife has “given me that time and 
encouragement to do what I do for you 
and for others”.  Without her support 
this never would have been possible.  I 
would also like to take this opportunity to 
wish her a happy birthday.  Today is her 
birthday.  My award is not  her present 
but I know she takes great pride in it as 
well.  

Thomas Zenty, Sheldon Adelman, George Thompson, John Breen, and Fred Rothstein.

FROM GEORGE H. THOMPSON
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               LETTER FROM THE EDITOR-IN-CHIEF 

We are honored to present the 11th
Edition of the Case Orthopaedic Journal
for 2014. The past year has held many
exciting developments in the Department
that we are pleased to share with 
you. The most visible example of our 
department’s accomplishment has come 
in the realm of athletic care, as we have 
been named the official provider to the 
Cleveland Browns.

The Cleveland Browns have a long and 
storied history, and certainly a place in 
the hearts of all who call Cleveland their 
home. The early glory days were followed 
by the usual ups-and-downs that any 
football franchise may be expected 
to endure, but the sudden loss of our 
football team, followed by their return 
through league expansion, has given 
rise to a fan base that is hungry for a 
title. In early 2014, a major step was 
made in pursuit of that title: University 
Hospitals was named the official provider 
of athletic care to the team. Led by Drs. 
Sean Cupp, James voos, and Michael 
Salata, our Department can now be seen 
patrolling the sidelines every Sunday as 
the Browns make their way through the 
AFC North in pursuit of Cleveland sports’ 
first national title since 1964. 

This year marks another change for the 
Case Orthopaedic Journal. In addition to 
publishing never-before-seen articles, 
we have decided to showcase the 
contributions of our alumni by reprinting 
articles that they have published 
elsewhere within the past year. We 
hope that this will provide our readers 
with a glimpse of what is going on with 
the professional lives of friends and 
colleagues, while also demonstrating 
the continued pursuit of knowledge that 
is taking place at Case Medical Center. 
A listing of our department’s scientific 
publications from 2014 can also be found 
in this year’s journal.

We would like to thank the past and 
present editorial board, which is 
comprised of past and present Allen 
Fellows, for their assistance with this 
year’s Journal. The publication of a 
periodical journal is never easy, and we 
could not have done it without you.

Sincerely,

Jonathan Streit, MD
Editor-in-Chief

Jonathan Streit, MD
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                SHAUN KINLEy: THIS yEAR'S COvER ARTIST

The cover artwork for this edition of the 
Case Orthopaedic Journal was created by 
Shaun Kinley, an artist from Rocky River, 
Ohio.  His work has been on display at 
University Hospitals Case Medical Center, 
and we are honored to share it with you.

The acrylic paintings of Shaun Kinley 
possess brilliant colors in varying strokes 
and textures to form expressive images 
that are realistic, yet far from literal.  The 
energy and intensity displayed in his work 
illuminate the subjects of his material, 
which have included sporting events, 
athletes, portraits, and cityscapes.    

Kinley’s interest in art was inspired by the 
work of sports artist LeRoy Nieman. Early 
promise of Shaun’s talent was revealed 
in his strikingly realistic pencil and ink 
drawings. His artwork progressed into 
acrylic paint, allowing his technique to 
capture a bolder, more distinctive style.

He has actively produced paintings and 
reproductions for over twenty years. And 
his background gives him a perspective 
not common to many: varsity wrestler 
at The Ohio State University, landscape 
architecture and installation business 
owner, art instructor, wrestling coach 
at nationally ranked St. Edward High 
School, and pastoral ministry.  He holds 

a bachelor of science 
degree from Ohio State 
and a masters degree 
in education from Notre 
Dame College.

Kinley’s work includes 
a piece presented to 
President William Clinton 
in the Oval Office, which 
now resides at the Clinton 
Presidential Library in Little 
Rock. A reproduction of 
this painting was featured 
in an exhibit at Crystal 

Bridges Museum of American Art.  Other 
notable pieces have been commissioned 
by professional athletes, a marathon 
series for the Chicago, Miami, New 
Orleans, Marine Corps Washington D.C., 
and Disney World Marathons, National 
City Bank, and The Cleveland Clinic, among 
other organizations & private collectors.  

The enthusiasm and heart of Shaun 
Kinley is reflected in his paintings, and 
is refined by his masterful skill to create 

pieces that appeal to the viewer.  His 
work is displayed nationwide in galleries, 
businesses, and by private collectors, who 
emotionally connect with the familiar 
images.

The cover art for this year’s journal is 
available for purchase in the gift shop 
at Case Medical Center.  you can also 
purchase prints by contacting art@
uhhospitals.org, or by visiting Shaun’s 
website at www.kinleystudio.com. 

Jennifer and Shaun Kinley
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  AN INTERvIEW WITH THE CLEvELAND BROWNS'   
  NEW TEAM PHySICIANS

University Hospitals recently was named 
as the official medical provider to the 
Cleveland Browns. This year, the Editor 
sat down with Dr. James Voos, Dr. 
Michael Salata, and Dr. Sean Cupp to find 
out more about their background and 
approach to taking care of the team.

Editor: Taking care of an NFL football 
team must entail a great deal of 
behind-the-scenes work.  What is your 
interaction with the team like, outside of 
Sundays on the field?

Dr. voos: Serving as an NFL team 
physician is a 24/7 job. The medical care 
of the players is just as important off the 
field as it is on the field. I spend the entire 
week working to care for the players’ 
acute and chronic injuries in an effort to 
return them to play in a safe and timely 
manner. This requires the coordinated 
effort of the Cleveland Browns athletic 
training staff, the team orthopaedic 
surgeons and medical doctors, and our 
excellent hospital support staff.

Editor: When a player is injured during a 
game and leaves the field, what happens 
next?  What are the facilities like in the 
stadium?

Dr. Salata: When a player is injured, we 
work hard to try to determine what the 
issue is, and the severity of the injury. 
Much like how we take care of patients 
in our clinics, we try to look out for our 
players’ safety while trying to allow 
them to compete at a high level. We will 
usually have one member of the medical 
team and our head athletic trainer, Joe 
Sheehan, evaluate the player on the field 

and on the sidelines with a thorough 
physical exam.  We will then have another 
member of the team watch the replay 
of the injury to determine mechanism. 
We will then use this information to 
formulate a diagnosis and, based on the 
type and severity of the injury, we will 
determine if they can continue to play, 
or if they need to be held out for further 
examination. On site we have the ability 
to perform X-rays with a fully equipped 
X-ray suite.

Editor: I would assume that many injuries 
that the players sustain don›t get noticed 
by the casual fan during the course of a 
game.  Dr. Cupp, what kinds of injuries do 
you treat on a weekly basis?  

Dr. Cupp: As the lead medical physician, 

most of the injuries I treat are not 
as “glamorous” as the big orthopedic 
injuries. I treat all of the concussions, 
lower rib and abdominal injuries, eye/
face/ nasal trauma, and any medical 
illnesses. I also have a great group of UH 
specialists to consult with at any time.

Editor: Besides obviously keeping 
the players on the field, how does 
good athletic care for a team like the 
Browns help them realize their goal of 
winning games and, ultimately, a league 
championship?

 Dr. voos: Our medical team believes 
that the overall well-being and health 
of the player translates to improved 
performance on the field. Besides taking 
care of acute orthopaedic injuries, our 

Sean Cupp, MD, James voos, MD, and Michael Salata, MD
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medical team also services the day-to-
day medical needs of the team. We are 
developing a unique program to maximize 
the global care of the player with regards 
to overall fitness, injury prevention, 
hydration, sleep, and behavioral health 
that assists the team in achieving their 
championship goals.

Editor: What is the role of a team 
physician in the off-season?

Dr. Cupp: To help maintain the overall 
medical health as the body is healing 
from the rigorous season. I’m available 
year round for any medical problem. 
I also provide medical treatment to 
the coaching staff and Brown’s office 
personnel.

Editor: What are the travel requirements 
like?   Do you have any commitments to 
the team during the off-season?

Dr. Salata: For road games, all of us travel 
with the team, so the requirements for 
travel during the season are significant. 
We usually leave the day before the 
game, and return later in the evening on 
the day of the game.   This includes travel 
for the preseason games. There is a small 
breather for the offseason, but there is a 
lot of work that goes on at this time, too. 
We head to the NFL combine, and the 
combine rechecks in Indy. We also are in 
constant communication with the team 
for free agent signings and physicals, and 
we work to provide medical coverage for 
training camp and OTAs.

Editor: How is caring for a professional 
athlete different from caring for a high 
school or collegiate athlete?

 Dr. voos: In my practice, I provide the high 
school and collegiate athletes the same 
high-quality, evidenced based care that 
I provide our professional athletes. The 
difference in caring for the professional 
athlete relates to their public exposure 
and need for expedited and definitive 
treatment plans while maintaining their 
confidentiality.

Editor: What made you want to be a team 
physician in the first place?

Dr. Cupp: I grew up in rural, western 
Oklahoma with 5 brothers and sisters. 
Our family all played and loved sports, 
mostly football. My twin sister tore her 
ACL when we were 15 year-old tenth 
graders. During her treatment, both 
pre- and post-operative, she and I both 
fell in love with sports medicine. Also, 
my family doctor growing up had been 
the team doctor at both Texas A&M and 
Tulsa University prior to practicing in rural 
Oklahoma. Before I graduated high school, 
he returned to a career in athletic sports 
medicine as the head team physician for 
virginia Tech for over 15 years.

Editor: Some of us in the residency 
program might be considering a career 
path similar to yours.  How did you 
decide that high-level athletic care was 
something you wanted to dedicate your 
time and energy to?

Dr. Salata: I think as you game plan 
for what you want your career to be 
as a sports doc you need to know that 
covering teams at some level will be 
a part of the job.   For some of you, 
covering a local high school or college is 
where you will find the most enjoyment. 
Covering pro sports requires a true 
team approach. This comes from your 
hospital administrators, your chairman 
or equivalent position at your hospital 
system, and all the other folks that 
make an endeavor like ours successful. 
We have been very fortunate here to 
have the support of Mr. Zenty and Dr. 
Rothstein at the administration level, as 
well as the support of our department 
chair, Dr. Marcus. The best way to know 
if you think professional sports coverage 
is for you is to try to get involved in some 
way, either through opportunities with us 
or in your fellowship, to know what goes 
into it. For me personally, I feel that the 
opportunity to take care of athletes at the 
highest level is a challenge that keeps me 
on my toes and up to date on the most 
advanced injury treatment plans and 
prevention programs. The work load is 
not light, but it can be very rewarding. 
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I am delighted to introduce the 2014 
volume of the Case Orthopaedic 

Journal, which highlights the outstanding 
achievements of the Department of 
Orthopaedics at Case Western Reserve 
University School of Medicine. The 
Department continues its ranking as 
one of the top orthopaedic departments 
in the United States, and we take great 
pride in the outstanding achievements 
and excellent work carried out during 
the past year by our clinicians, scientists, 
residents and staff. 

The Department of Orthopaedics at Case 
Western Reserve University consists 
of four medical centers, our research 
laboratories and, most importantly, the 
outstanding people who have earned our 
reputation for excellence. Our medical 
centers include:

•	 University Hospitals Case Medical 
Center, which includes Rainbow 
Babies and Children’s Hospital and 
the Seidman Cancer Center,

•	 MetroHealth Medical Center, our 
Level I trauma hospital, 

•	 Louis Stokes Veterans 
Administration Medical Center here 
on our Case Western campus, and

•	 University Hospitals Ahuja Medical 
Center and attached orthopaedic 
musculoskeletal center. 

Our basic science laboratories are located:

•	  in the School of Medicine, with our 
Molecular Biology division in the 
Biomedical Research Building,

•	 in the Case Western Reserve 
School of Engineering, in the 
Musculoskeletal Mechanics and 
Materials Laboratory, and 

•	 at MetroHealth Medical Center and 
the veterans Administration Medical 
Center, where our Functional 
Electrical Stimulation Laboratories 
are located. The interdisciplinary 
Cleveland Advanced Platform 
Technology (APT) Center of 
Excellence is based at the  Cleveland 
vA.

•	  Additionally, our Anatomic Research 
Laboratory resides in the Cleveland 
Museum of Natural History, the 
home of the Hamann-Todd bone 
collection.

Medical Center and Medical 
School Achievements
U.S. News & World Report once again 
ranked Case Western Reserve University 
School of Medicine in the top 25 of the 
“Best Medical Schools” in America, and 
University Hospitals Case Medical Center 
this year continues to rank among 
“America’s 50 Best Hospitals” in all 12 
methodology-ranked specialties for the 
third year in a row. University Hospitals 

Rainbow Babies and Children’s Hospital 
is once again recognized nationally as 
one of the “Best Children’s Hospitals” 
in U.S. News & World Report’s annual 
rankings. Rainbow has appeared 
consistently in these rankings for more 
than two decades, and is ranked this 
year in eight of 10 specialties. Rainbow 
continues to be the only Level I pediatric 
trauma center in Northern Ohio.

In January, the Cleveland Browns NFL 
Football Team announced that University 
Hospitals would be their official 
health-care provider. Members of the 
Department of Orthopaedic Surgery’s 
Sports Medicine Division lead a team 
of UH medical and surgical experts 

CHAIRMAN’S REPORT AND HIGHLIGHTS
Randall E. Marcus, MD
Charles H. Herndon Professor and Chairman, Department of Orthopaedics
Case Western Reserve University School of Medicine 
and University Hospitals Case Medical Center

Randall E. Marcus, MD

yEAR IN REvIEW 
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from multiple specialties to provide the 
Cleveland Browns “with the best and 
most comprehensive health care of 
any team in the NFL.” Additionally, as 
part of this agreement, our Department 
is collaborating with the Cleveland 
Browns on numerous innovative 
athletic programs to enhance athletic 
performance and prevent sports injuries. 

Lerner Tower 6, our Center for Joint 
Replacement and Preservation, has been 
awarded a Gold Level Beacon Award by 
the American Association of Critical Care 
Nurses (AACN). Lerner Tower 6 is one 
of only three general medical/surgical 
divisions in the country to be designated 
by a Gold Level Beacon Award. This 
designation was made possible by the 
leadership of Dr. Matthew Kraay, Director 
of our Adult Reconstruction and Joint 
Replacement, and Patricia Nosan, RN-
BC, MSN, ONC, head nurse/manager of 
our Lerner Tower 6 Center. Matt and 
Pat’s entire team of physicians, nurses, 
physical therapists and staff made this 
award possible. 

This year University Hospitals welcomed 
the new affiliation with HealthSpan 
(formerly Kaiser Permanente Ohio), 
and our Department was delighted to 
begin our affiliation with the HealthSpan 
Orthopaedic Department led by Laurel A. 
Beverley, MD, MPH, FAAOS. Additionally, 
University Hospitals announced the 
purchase of Parma Medical Center and 
Elyria Medical Center, who have joined 
our University Hospitals community. The 
addition of the Orthopaedic Departments 
in these two well-known medical centers 
has added significantly to our University 
Hospitals Orthopaedic umbrella. 

Departmental Achievements
The Department’s excellence in clinical 
activities was once again recognized by 
U.S. News & World Report, which ranked 
us as one of the top orthopaedic surgical 
departments in the country (#17), and 
Pediatric Orthopaedics placed #9. Our 
national leadership in musculoskeletal 
research was again confirmed by our 
continued ranking as one of the top-
funded orthopaedic departments in the 
United States by the National Institutes 
of Health (NIH, #15).

Our residency received over 700 
applications in 2014 for our six residency 
positions, and the Department matched 
six of our top selections. We welcome 
to the Department Dr. Derrick Knapik 
from The Ohio State University School of 
Medicine, Dr. Givenchy Manzano from the 
University of California School of Medicine 
in Irvine, Dr. Peter McCunniff from the 
University of Iowa School of Medicine, 
Dr. Mithun Neral from the University 
of Pittsburgh School of Medicine, and 
Dr. Daniel Quinones and Dr. Leigh-
Anne Tu, both from Jefferson Medical 
College of Philadelphia. Our Trauma 
Fellow this year, based at MetroHealth 
Medical Center, is Evan Dougherty, MD, 
from the Loyola University Chicago 
Stritch School of Medicine orthopaedic 
residency. Our Adult Reconstruction-
Joint Replacement Fellow is Mark W. 
Dwyer, MD, who completed his residency 
at Wayne State University Medical 
Center. Dr. Deniz Olgun, who completed 
a trauma fellowship at the Hospital for 
Special Surgery following her residency 
at Hacettepe University Medical Center 
in Ankara, Turkey, is our Pediatric 
Orthopaedic Fellow. The Senior Sports 
Medicine Fellows are Scott Kling, MD, 
from the CWRU orthopaedic residency 
and the University of Pittsburgh Medical 
Center sports medicine fellowship, 
and William Kelton Vasileff, MD, who 
completed his orthopaedic residency 
at the Henry Ford Health System. 

Additionally, we hosted two Senior 
International Fellows this year, Professor 
Yonggen Zhou, Professor and Chairman 
of the Department of Orthopaedics 
at Luzhou Medical College in Luzhou, 
China, and Dr. Gang Bi, Professor of 
Orthopaedic Surgery at Tongji University 
Hospitals in Shanghai, China. Our 
Dudley P. Allen Fellows this year are Dr. 
Christopher Collier, who is working in our 
Cellular Biology Laboratory in research 
involving osteogenic sarcoma, under the 
mentorship of Dr. Edward Greenfield, and 
Dr. Douglas Weinberg, who is working 
in our Anatomic and Biomechanics 
Laboratories under the mentorship of 
Dr. Raymond Liu and Dr. Ozan Akkus, 
respectively. 

We also welcomed two new faculty 
members this year. James E. Voos, MD, 
was recruited from Kansas City to direct 
our Sports Medicine Institute and to 
be the Head Team Physician for the 
Cleveland Browns Football Team. Dr. 
voos is an outstanding physician who 
received his medical degree from the 
University of Kansas School of Medicine 
and completed his residency and sports 
medicine fellowship at the Hospital for 
Special Surgery in New york City. Dr. 
voos completed traveling fellowships in 
hip arthroscopy with Dr. Michael Leunig 
in Zurich, Switzerland, and in shoulder 
surgery with Dr. Ralph Hertel in Bern, 
Switzerland. Dr. voos has 36 peer-
reviewed publications, 19 book chapters 
and numerous presentations regionally, 
nationally and internationally.  Sean A. 
Cupp, MD, joined our practice also in the 
Division of Sports Medicine as the Lead 
Medical Sports Medicine physician for 
the Cleveland Browns Football Team. 
His expertise is in the nonoperative 
management of sports conditions, clinical 
orthopaedics and medical issues of the 
athlete, as well as health promotion and 
wellness. Dr. Cupp is an experienced 
expert in sports medicine who received 
his medical degree from the University 
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of Oklahoma School of Medicine. He 
completed his family medicine residency 
at the University of Alabama, and 
medical sports medicine fellowship at 
the University of Oklahoma. For the last 
10 years, he has been Assistant Head 
Medical Physician for the University 
of Kansas NCAA Division I Athletic 
Programs. 

Congratulations to Faculty 
Members and Residents
In September, George H. Thompson, MD, 
Chief of Pediatric Orthopaedic Surgery, 
received the Mather Distinguished 
Physician Award from University 
Hospitals’ Society of 1866. This is 
the highest recognition University 
Hospitals can award to a physician. 
Dr. Thompson was recognized for his 
outstanding leadership in pediatric 
orthopaedic surgery here at University 
Hospitals Rainbow Babies and 
Children’s Hospital as well as his major 
contributions over his career to pediatric 
orthopaedic surgery both nationally and 
internationally.

In October, we recognized Dr. Victor 
M. Goldberg with the Inaugural Victor 
M. Goldberg MD Annual Endowed 
Lectureship in Orthopaedics. This 
endowment was funded by Dr. Goldberg’s 
colleagues, former residents, grateful 
patients, friends and family. 

Dr. Matthew Kraay was appointed to the 
Board of Commissioners of the American 
Joint Replacement Registry. This is the 
largest orthopaedic patient registry in the 
United States and is a landmark initiative 
of the American Academy of Orthopaedic 
Surgeons. This registry will allow data 
collection and research on total hip 
and knee replacement, with the goal of 
improving patient care. Dr. Kraay was 
also appointed by University Hospitals 
to represent our medical center on Ohio 
Governor Kasich’s Joint Replacement 
Clinical Advisory Group for the Ohio 
Medicaid Program. 

Dr. Robert Gillespie was appointed 
Director of the Division of Shoulder & 
Elbow Surgery and leads an outstanding 
group of expert surgeons, including Drs. 
J. Robert Anderson, Michael Salata, John 
Shaffer, Brian Victoroff and James Voos. 
Dr. Gillespie, a graduate of the Case 
Western Reserve orthopaedic residency 
program, completed his shoulder & elbow 
fellowship at the Rothman Institute of 
Jefferson Medical Center in Philadelphia. 
Rob is well known for his surgical 
expertise, judgment and integrity. He is 
involved with cutting-edge research and 
is a superb educator. 

Dr. Ozan Akkus and Dr. Ronald Triolo, 
two of our outstanding orthopaedic 
scientists, were inducted into the 
prestigious College of Fellows of the 
American Institute for Medical and 
Biological Engineering. Ozan Akkus, 
PhD (PI) and Robert Gillespie, MD, 
received a $1.7 million NIH grant to 
grow replacement tissue for tendons, 
including the rotator cuff. This grant 
will allow Dr. Akkus and his team to 
conduct research in translational work to 
reconstitute collagen and tendon fibers 
for the induction of adult stem cells. 

The research of James Robert Anderson, 
MD and his Functional Electrical 
Stimulation Research Group colleagues 
was featured by MSN.com in their “Best 
Inventions of 2014” section. The lead 
story featured one of their patients 
delicately holding a cherry tomato with 
his prosthetic arm, which was made 
possible using their new neurostimulator 
sensory system.

Glenn D. Wera, MD, and Umut A. 
Gurkan, PhD, co-recieved the 1st 
annual Cleveland Advanced Platform 
Technology (APT) Steven Garverick 
Innovation Incentive Award for their 
research entitled, “Synovial Fluid Biochip 
for Monitoring Joint and Prosthesis 
Health.” The award of $25,000 was 
provided in order to promote research 
and find solutions using medicine and 
engineering in the treatment of disabled 
veterans. Dr. Wera also recieved a 
fellowship training grant from the 
OMeGA Medical Grants Association 
for the second year in a row, which 
increased the grant total to $50,000. 

CHAIRMAN’S REPORT
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John K. Sontich, MD, served as President 
of the Ohio Orthopaedic Society this 
year, and Christopher G. Furey, MD, 
continues to serve as a Councilor to 
the American Academy of Orthopaedic 
Surgeons, representing Ohio. Dr. Edward 
M. Greenfield, the Harry E. Figgie III MD 
Professor of Orthopaedic Surgery and 
Director of Orthopaedic Research, hosted 
our biennial Musculoskeletal Research 
Day this year. Dr. Greenfield also received 
a Team Science Challenge Grant, with his 
coinvestigator, Dr. Sanford Markowitz, 
to study the effect of prostaglandins 
on bone healing and incorporation into 
implants. 

Dr. Christina Cheng received second 
place recognition from the Cleveland 
Orthopaedic Society for her research 
involving “Bioactive Microsphere 
Incorporated Stem Cell Sheets for 
Osteochondral Defect Repair.”  Dr. 
Jonathan Streit received third-place 
recognition at the Annual Mt. Sinai 
Barry Friedman Orthopaedic Research 
Award competition for his paper entitled 
“Arthroscopic Biologic Total Shoulder 
Resurfacing: Technique, Early Results and 
Lessons Learned.”

In total over the last year, members of 
our Department published over 40 peer-
reviewed manuscripts and they were 
invited to present their work at over 100 
occasions at national and international 
meetings. This year’s chief residents, 
who graduated in June, were another 
outstanding class. They are advancing to 
fellowships in their subspecialty areas 
of choice, and we welcome them into 
the Case Western Reserve/Charles H. 
Herndon Alumni Association and wish 
them all the best in their future careers.

•	  Jonathan Belding, MD – spine 
surgery, University of Utah

•	  Chad Fortun, MD – sports medicine, 
Southern California Orthopaedic 
Institute 

•	  Shane Hanzlik, MD – sports 
medicine, Orthopaedic Research of 
virginia 

•	  Jonathan Macknin, MD – 
hand surgery, University of 
Connecticut 

•	  Jason Solomon, MD – sports 
medicine, University of California, 
San Diego 

•	  Lorraine Stern, MD – orthopaedic 
trauma, University of Rochester

•	  Anna Wallace, MD – orthopaedic 
trauma, Georgia Orthopaedic Trauma 
Institute

Once again, it has been a privilege to lead 
this fabulous orthopaedic department, 
in its 107th year. This year’s report 
highlights the high-quality work that 
typifies the faculty, residents and staff of 
this outstanding Department.
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In a rapidly changing and increasingly 
challenging medical environment, 

MetroHealth Medical Center (MHMC) 
continues to grow and successfully 
achieve its mission. As an institution, 
MetroHealth excels at providing a value 
driven, high quality care for everyone in 
need. The Department of Orthopaedics 
continues to excel in the surgical 
treatment of complex problems in 
addition to high quality research and 
education for residents and medical 
students.

I remain very busy with my 
administrative obligations in addition to 
trying to maintain my surgical practice. 
I have enjoyed the challenges of being 
a new chairman, and I am extremely 
proud of the accomplishments of our 
department. After 12 years in executive 
management positions at AO North 
America, I will be completing my final 
term as Chairman of the Board of AO 
North America, but will remain very active 
over the next three years as the new 
Chairman of the AO Trauma International 
Board.

METROHEALTH MEDICAL CENTER                
ANNUAL REPORT 
John H. Wilber, MD
Chairman of Orthopaedic Surgery, MetroHealth Medical Center

Dr. Brendan Patterson remains 
extremely active, both clinically and 
administratively. As Executive Director of 
the Surgical PCU at MetroHealth Medical 
Center, he has been instrumental in 
further expanding all aspects of the 
surgical services. He is an exceptionally 
active and enthusiastic teacher and is 
currently on the Board of Directors of 
Orthopaedic Trauma Association as its 
new Chief Financial Officer.

Dr. John Sontich just completed his role 
as President of the Limb Lengthening 
and Reconstruction Society and has 
taken on a new role as President of the 
Ohio Orthopaedic Society. He is still very 
active clinically, dealing with the most 
complex nonunions and infections that 
one can imagine. A highly successful 
research program and a busy trauma 
practice keep Dr. Heather Vallier busy. 
She acts as a mentor to multiple 
students and residents and is highly 
successful with multiple publications 
coming from her research activities. She 
is currently Secretary of the Board of 
Orthopaedic Trauma Association.

Dr. Roger Wilber will be leaving his 
practice at University Hospitals of 
Cleveland and coming on full time at 
MetroHealth Medical Center as the Head 
of the Pelvic and Acetabular Section. 
This added time will allow him to further 
expand the services for complex pelvic 

and acetabular problems, in addition 
to further expanding our arthroplasty 
services. He remains an exceptional 
teacher and has been recently honored 
as the Chairman of AO North America 
Musculoskeletal Education Committee. 
Dr. Ari Levine has successfully settled 
back into Cleveland and has become an 
integral part of our busy orthopaedic 
trauma service. In addition to being an 
excellent trauma surgeon he is also 
building a reconstructive practice with 
new offices in our Middleburg Heights 
facility. 

John H. Wilber, MD
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The combined efforts of Drs. Ray Liu and 
Christina Hardesty provide exceptional 
coverage for our pediatric orthopaedic 
patients. They work extremely hard 
as they split their time between 
MetroHealth Medical Center and 
Rainbow Babies & Children’s Hospital. 
Dr. John Feighan continues to help cover 
our complex foot and ankle problems 
and is teaching skills that are greatly 
appreciated by the residents. 

Dr. Tim Moore singlehandedly continues 
to cover complex spinal injuries. 
Although he is officially a member of the 
Neurosciences Department, he is still 
an active member of the Orthopaedic 
Department and provides clinical services 
for our severely injured patients and 
also provides exceptional teaching to our 
faculty, residents, and medical students.

The Hand and Upper Extremity Service, 
made up of Drs. Michael Keith, Harry 
Hoyen, Kevin Malone, Todd Bafus, and 
Stephen Lacey, continues to take on all 
of the difficult hand and upper extremity 
cases in northeast Ohio. Dr. Michael 
Keith remains active clinically and also 
continues to work very closely with Dr. 

Hunter Peckham with research and 
innovation in the FES Program. Dr. Harry 
Hoyen, who also collaborates with Dr. 
Peckham in the FES Program in addition 
to his extremely busy clinical practice, 
travels extensively teaching for AO, both 
nationally and internationally. Dr. Kevin 
Malone has made major improvements 
in our educational program as the 
new Head of Orthopaedic Education 
at MetroHealth Medical Center. He is 
currently making plans to expand his 
clinical and research activities to the 
vA Hospital. Dr. Todd Bafus, who also 
splits his time between the vA and 
MetroHealth Medical Center, has not only 
been busy clinically, but is also been very 
productive with clinical research projects 
with residents and has had several 
publications and presentations. 

Outside of the Department of 
Orthopaedics, The MetroHealth System 
has continued to change and grow. Our 
new CEO, Dr. Akram Boutros, has already 
made a major impact with new programs 
and plans for a major transformational 
project at the main campus. The recently 
opened Middleburg Heights office is 
already exceeding expectations, and 

plans are already being made for a 
new facility in the Brecksville area and 
also a surgical specialties office on the 
east side in Lyndhurst. The former 
Deaconess Hospital, which is now called 
MetroHealth Old Brooklyn, is home of the 
MetroHealth Rehabilitation Institute of 
Ohio and is also the new home for PM&R 
and the FES Program.

MetroHealth Medical Center, and 
in particular the Department of 
Orthopaedics, remains a challenging 
and inspiring place to work. Daily 
I’m impressed by the hard work and 
dedication of all our faculty and staff. 
It is a true honor for me to work 
at MetroHealth and to continue to 
promote and expand the mission of the 
hospital system and the Department of 
Orthopaedics.
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The Orthopaedic Surgery Section 
at the Louis Stokes Cleveland 

veterans Affairs Medical Center (vAMC) 
continues to evolve. Both the aging 
population and veterans returning to 
Ohio from the global war on terrorism 
have increased the clinical demands 
for post-traumatic injuries and long-
term reconstructive problems related 
to arthritic joints and periprosthetic 
complications. I am thankful to the Chief 
of Surgery, Brian Cmolik, MD (Cardio 
Thoracic Surgery), who has continued 
to support veterans’ orthopaedic care, 
as well as Case Ortho. More than ever, 
we find ourselves providing safety-net 
level care for patients with periprosthetic 
complications following procedures 
performed at institutions outside of the 
vA or our affiliated institutions.

This year I would like to give special 
recognition to the upper extremity 
section, which has provided seamless 
care and on-call emergency coverage for 
veterans in our large catchment area. 
James “Rob” Anderson, MD (Hand & 
Elbow), Robert Gillespie, MD (shoulder 
& elbow), and Todd Bafus, MD (Hand & 
Upper Extremity) have done a superb 
job of providing tertiary reconstructive 
procedures with short waiting times and 
low complication rates. 

LOUIS STOKES CLEvELAND DEPARTMENT 
OF vETERANS AFFAIRS MEDICAL CENTER 
ORTHOPAEDIC SURGERy SERvICE ANNUAL REPORT
Glenn Wera, MD
Chief, Orthopaedic Service 
Louis Stokes Cleveland vAMC

I would also like to welcome Mark Dwyer, 
MD, who has joined our section from 
Wayne State University for one year. 
He will return to practice in the Detroit 
area focusing on total joints and adult 
reconstruction. 

As always, I would like to thank the 
residents and fellows for their hard work 
and dedication to the veterans. Changes 
in the senior resident fellowship match 
have caused us to make long-term 
plans to accommodate this process. The 
current Residency Training Program is 
divided into two rotations, each with 
a PGy-5 chief resident and PGy-3 
resident. Their time is split roughly 50/50 
between outpatient clinics and surgical 
services. In the 2013-2014 academic 
year, we performed over 8200 outpatient 
encounters, which is yet another year-
over-year increase of 15% on top of 
last year’s 11% increase in patient care. 
During the same period, we performed 
654 operative cases, representing yet 
another 6% increase in surgical volume 
with no increases in FTE. During the 
past year there has been a heightened 
public awareness surrounding patient 
care at the vA. If you or a family member 
received outstanding orthopaedic care at 
the vA, I urge you to notify your member 
of congress.

Glenn Wera, MD

I am proud of the contribution provided 
by our established faculty, including 
Thomas McLaughlin, MD (sports 
medicine, arthroscopy), Patrick Getty, MD 
(orthopaedic oncology), Randall Marcus, 
MD (adult reconstruction, foot & ankle), 
Victor Goldberg, MD (adult reconstruction, 
total joints), and John Makley, MD 
(orthopaedic oncology). Mike Vento, 
MD, has provided non-operative clinic 
staffing and E-consultations, which have 
led to improved performance measures 
demanded by the vAMC. We are grateful 
for ongoing clinical support from our two 
physician assistants, Greg Field, PA-C, 
and Terry Bauer, PA-C. 
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 In addition, the nursing support provided 
by Barbara Dennstedt, RN-BSN, and 
Carliss Towns, RN-MSN, has improved 
our efficiency and patient relations. We 
hope to increase our level of support yet 
again and have requested an FTE for a 
new physician assistant. I would like to 
express special recognition and gratitude 
to Barb Dennstedt for taking major steps 
in perioperative risk stratification, MRSA 
prevention, and case planning. Her work 
has contributed to patient satisfaction 
and improved clinical outcomes in 
Arthroplasty patients. I would also like to 
the military experience of Carliss Towns, 
as well as her sense of advocacy for the 
veterans. 

On the basic science level, The Advanced 
Platform Technology Center (APT) 
has continued to flourish and become 
a nationally-recognized source of 
innovation and translational science 
within the vA. Dr. Ronald Triolo guided 
the APT Center of Excellence through the 
successful recompletion and renewal 
of funding for an additional five-year 
term. The APT Center capitalizes on 
recent developments in material 
science, microfabrication techniques, 
microsystem design, and other basic 
science and engineering disciplines, and 
integrates them into new diagnostic, 
therapeutic, assistive or restorative 

devices to address the unmet needs of 
veterans with physical and cognitive 
disabilities or limb loss. Dr. Kath Bogie, 
who holds an appointment in the 
Department of Orthopaedic Surgery at 
CWRU School of Medicine, is a Principal 
Investigator and Director of Health 
Monitoring and Maintenance Research 
at the APT Center of Excellence. I would 
like to welcome Umut Gurkan, PhD, from 
the Case School of Engineering, who has 
also joined the APT center where he and 
I are co-investigators and recipients of 
the inaugural Steven Garverick Award, 
which is a $25,000 startup grant for a 
translational project pertaining to rapid 
point of care analysis of synovial fluid. 
Dr. Gurkan is also co-appointed to the 
CWRU departments of Engineering and 
Orthopaedic surgery.

I am proud to say that the past 
academic year has continued to provide 
improvement in patient care and 
research at the Louis Stokes vAMC. With 
the support of our staff and residents, I 
expect and look forward to even greater 
accomplishments in the future. 

YEAR IN REVIEW
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I am delighted that this issue of the 
COJ is dedicated to George Thompson, 

MD. George has always been a strong 
advocate for academic pursuits in 
our department. Inspired by George’s 
guidance, the Pediatric Orthopaedics 
division has been the leader in our 
department in both clinical research 
and anatomic research based at the 
Hamann-Todd Osteological Collection 
at the Cleveland Museum of Natural 
History.

Each year, two of our residents are 
selected as Allen Fellows, who join a 
research lab for a full-time, year-long, 
experience. The 2014-2015 Allen Fellows 
are Doug Weinberg, MD, who is working 
with Ray Liu, MD, on a variety of pediatric 
orthopaedics projects, and Chris Collier, 
MD, who is working with Patrick Getty, 
MD, and me on repurposing FDA-
approved drugs for osteosarcoma. We 
are currently in the process of selecting 
the 2015-2016 Allen Fellows.

RESEARCH SECTION OF THE DEPARTMENT OF 
ORTHOPAEDICS AT CASE WESTERN RESERvE 
UNIvERSITy SCHOOL OF MEDICINE 
Edward Greenfield, PhD, Director of Research
Harry E. Figgie III MD Professor of Orthopaedics
Department of Orthopaedics, Case Western Reserve University

I am also happy to report that we have 
renamed the Allen Fellows Society 
visiting Professor in honor of Victor 
Goldberg, MD. As many of you know, 
victor and I have had a long-standing 
collaboration and I sincerely believe that 
his mentorship has been instrumental 
in my career. The Inaugural victor M. 
Goldberg Lecture visiting Professor 
was Joseph Buckwalter, MD, who is 
a Professor in the Department of 
Orthopaedics at the University of Iowa 
and is the past Editor of JOR. His talks 
were on his long-standing research on 
pathophysiology of osteoarthritis and 
on reliability of the orthopaedic research 
literature. Both talks were incredibly 
interesting and extremely well received.

Since last year’s COJ, six talented 
trainees have joined the CWRU/NIH 
Musculoskeletal Training Grant.  Ravi 
Nataraj, PhD and Oju Jeon, PhD are post-
doctoral trainees. Ravi is working in the 
FES Center with Ron Triolo, PhD and Oju 
is working on novel tissue engineering 
scaffolds with Eben Alsberg, PhD. Anna 
Dikinia, Sarah Chang, James Ferguson,  
and Emily Graczyk are the new pre-
doctoral trainees who are working on 
their PhD projects with respectively Eben 
Alsberg, PhD, Ron Triolo, PhD, Radhika 
Atit, PhD, and Dustin Tyler, PhD. All of 
these new trainees and their mentors 
are in the Biomedical Engineering 
Department, except for James Ferguson 
and Dr. Atit, who are in the Biology 
Department.

Finally, we are currently planning 
the second biennial Northeast Ohio 
Musculoskeletal Research Retreat, 
which will be held April 25, 2015 and will 
feature oral and poster presentations 
by trainees and their mentors from all 
of the institutions in the area. I would 
encourage everyone interested in any 
aspect of musculoskeletal research to 
attend the retreat.

Edward Greenfield, PhD
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                                                                       PHOTOS FROM THROUGHOUT THE yEAR

2014 Graduation Dinner
Kirtland Country Club 

1st Row: Andrew Tsai, Eugene Tsai, Brendan Patterson, Jonathan Macknin, Chad Fortun, Shane Hanzlik, Anna Wallace, Randall Marcus, 
Lorraine Stern, Jonathan Belding, Jason Solomon, Matthew Popa, Kingsbury Heiple, Givenchy Manzano.

2nd Row: Leigh-Anne Tu, Mithun Neral, Michael Robertson,  John Sontich, Daniel Quinones, Derrick Knapik, Christopher Bechtel, Thomas 
McLaughlin, Ashraf youssef, Joshua Napora, Jonathan Streit, Kelvin Lim, Shana Miskovsky.

3rd Row: Christina Cheng, Cynthia Nguyen, Patrick Getty, Michael Karns, James Kyriakedes, Ryan Li, Michael Reich, Sheeba Joseph, Dwight 
Davy, Nicholas Ahn, Zachary Gordon, Andrew Chen, Kath Bogie, Claire Shannon, Allison Gilmore.

4th Row: Todd Bafus, Donald Goodfellow, Michael Salata, Robert Gillespie, Rob Anderson, Stephen Reichard, Jeremy Gebhart, Doug Weinberg, 
William Morris, Ari Levine, John Shaffer, George Thompson, Ernest Marsolais, Glenn Wera, Tim Moore.

Case Western Reserve University
Department of Orthopaedics
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Herndon Dinner
Acme Oyster House, New Orleans, LA

Nancy Kolaczko with her current and former residents Jon Streit, 
Erik Schnaser, and Ashraf youssef

Brian victoroff and Jon Streit

Ashraf youssef and Ryan Grabo.

Janice and George Thompson with Mariel and 
Dan Cooperman

Erik Schnaser and victor GoldbergTom McLaughlin, Lutul Farrow, and Ryan Garcia

PHOTOS FROM THROUGHOUT THE YEAR
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Trout Club

Mike Karns shows off his catch

Andrew Chen enjoys the stillness of the lake, far away 
from his noisy co-residents

Christina Cheng, Cynthia Nguyen, Sunny Patel, Ron Desai, Will Morris, and 
Andrew Tsai

The crowd enjoys a presentation by the chiefs

Trout Club group picture...thanks, Will Morris!Dr. Ahn dishes the dirt on residents and attending alike
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Musculoskeletal Research Day - April 16, 2014

The floor is filled with scientific exhibits.

Ed Greenfield stands with his students as they present their research.

Will Morris stands beside a poster to present his research 
that he worked on as an Allen Fellow.
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Gold Beacon Award - Lerner Tower 6 Nursing Staff

Drs. Kraay, Fitzgerald, and Marcus prepare breakfast for the staff.

Catherine Koppelman, RN, Chief Nursing Officer; Marilyn Kabb, RN, Director of UH Adult 
Med/Surg/Acute Care; Patricia Nosan, RN, Head Nurse, Tower 6; Jane Dus, RN, vice 
President UHCMC

YEAR IN REVIEW
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PHOTOS FROM THROUGHOUT THE YEAR

Learning Together

Dr. Getty speaks to the interns, reminds them to call their chief before 
calling him with consults.

Dr. Furey instructs Josh Napora and Ryan Li in the use 
of a Kerrison rongeur

Sheeba Joseph, Andrew Tsai, and Mithun Neral discuss 
total knee arthroplasty with Thomas Fitzpatrick of 
Zimmer during a sawbones demonstration.

Dr. Gordon describes the anatomy of the anterior 
sacrum to Todd Morrison and Jamie Kyriakedes

Michael Reich and his fellow residents admire a job well-done.
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Random Pics from the Year

The Case Ortho Journal editors’ meeting was conducted by 
candlelight this year due to an unexpected power outage

 Cleveland Browns vs. New Orleans Saints.  Physicians, from Left: Darryl Jones, Todd Zeiger, 
Sean Cupp, Randall Marcus, James voos, Michael Salata, and Scott Kling.

Three lucky residents (Josh Napora, Will Morris, and Andrew Chen) 
attended the AO Basic course in Zurich, Switzerland this year.

Doug Weinberg, Josh Napora, and 
Jeremy Gebhart spend some time 
together away from the office in 
Chicago

The department is visited by physicians from Beijing
Ron Desai and Eugene Tsai do some 
construction outside the OR in their spare time
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Steven Fitzgerald

Patrick Getty Allison Gilmore victor Goldberg Donald Goodfellow

Christina Hardesty Matthew Kraay Stephen Lacey Randall Marcus

John Shaffer George Thompson

Brian victoroff Glenn Wera

Robert AndersonNicholas Ahn

Shana Miskovsky Joe Son-Hing

Susannah Briskin

UH ATTENDINGS

Jason Eubanks

Raymond Liu

Michael Salata

Robert Gillespie

Amanda Weiss Kelly

Christopher Furey

Zachary Gordon

James voos
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 METROHEALTH ATTENDINGS

Michael Keith Stephen Lacey

Brendan PattersonClyde Nash John Sontich Heather vallier

John Wilber

Tim Moore

Kevin Malone

John FeighanMegan Brady Christina Hardesty

Raymond Liu

Roger Wilber

Todd Bafus Harry Hoyen

Ari Levine
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  vAMC ATTENDINGS

Robert Anderson

victor Goldberg Randall Marcus Thomas McLaughlin

Todd Bafus Robert Gillespie

Glenn Wera

Patrick Getty

John Makley

Michael vento
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Ronald Triolo

Kath Bogie

Edward Greenfield Shunichi Murakami

P. Hunter Peckham Clare Rimnac Guang Zhou

Eben Alsberg

Umut Gurkan

* Modified copy of image [Source] property of Case Western Reserve University Archives.

Ozan Akkus Dwight Davy

   BASIC SCIENCE FACULTy

Joseph Mansour*
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   CURRENT RESIDENTS

PGY-5 Residents
Kelvin Lim, MD
MD, Loma Linda 
University School 
of Medicine 
BS, Walla Walla 
University

Stephen Reichard, MD
MD, Wake Forest 
University School of 
Medicine
BA, University of 
North Carolina

Jonathan Streit, MD
MD, University of 
Michigan 
BS, University of 
Notre Dame

Eugene Tsai, MD
MD, Columbia 
University College 
of Physicians and 
Surgeons
BS, Northwestern 
University

Ke Xie, MD
MD, University of 
Cincinnati 
BA, Northwestern 
University

Ashraf youssef, MD
MD, University of 
virginia
BS, University of 
Michigan

PGY-4 Residents
Christopher Bechtel, MD
MD, New york 
University School of 
Medicine 
BS, University of ,Notre 
Dame

Michael Karns, MD
MD, University of 
Cincinnati 
BS, University of 
Dayton

Cynthia Nguyen, MD
MD, Baylor 
University 
BS, UCLA

Michael Reich, MD
MD, vanderbilt 
University School of 
Medicine
BA, Washington 
University

Claire Shannon, MD
MD, University of 
Rochester
BS, University of 
Western Ontario
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 CURRENT RESIDENTS

PGY-3 Residents
Ronak Desai, MD
MD, Rush University  
BS, Illinois Institute 
of Technology

Sheeba Joseph, MD
MD, Case Western 
Reserve University   
BS, Case Western 
Reserve University

Sunny Patel, MD
MD, Case Western 
Reserve University  
BA, University of 
Pennsylvania

William Morris, MD
MD, University 
of Texas, 
Southwestern 
Medical Center 
BA, University of 
Southern California

Allen Fellows

Andrew Chen, MD
MD, University of North 
Carolina   
MPH, Johns Hopkins 
University  
BS, University of North 
Carolina

Christina Cheng, MD
MD, SUNy Buffalo 
BS, Cornell 
University

Andrew Tsai, MD
MD, University of 
Minnesota 
MSc, Carnegie 
Mellon University 
BS, Carnegie Mellon 
University

Christopher Collier, MD
MD, University of 
Chicago
BA, Miami University

Jeremy Gebhart, MD
MD, Case Western 
Reserve 
University 
BS, Slippery Rock 
University

James Kyriakedes, MD
MD, University of 
Cincinnati 
BS, Miami University

Todd Morrison, MD
MD, Jefferson Medical 
College 
BS, Trinity College

Joshua Napora, MD
MD, Penn State 
University 
BSE, Duke University

Douglas Weinberg, MD
MD, Tulane University 
BA, Cornell University

Ryan Li, MD
MD, University of 
Pittsburgh 
BA, Case Western 
Reserve University

PGY-2 Residents
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   CURRENT INTERNS

PGY-1 Residents
Derrick M. Knapik, MD
MD, The Ohio State 
University
BA, University of 
California, Berkeley

Givenchy Manzano, MD
MD, University of 
California Irvine
BA, University of 
California Berkeley

Pete McCunniff, MD
MD, University of Iowa
BS, University of Iowa

Mithun Neral, MD
MD, University of 
Pittsburgh
BSE, University of 
Michigan

Daniel J. Quinones, MD
MD, Thomas Jefferson 
University-Jefferson 
Medical College
BS, University of 
South Florida

Leigh-Anne Tu, MD
MD, Thomas Jefferson 
University-Jefferson 
Medical College
BS, University of 
Pennsylvania
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GRANTS AND AWARDS FOR RESIDENTS

Dr. Jonathan Streit won 3rd Place in 
the Mt. Sinai Barry Friedman Ortho-
paedic Resident Research Award for 
his paper, “Arthroscopic Biologic Total 
Shoulder Resurfacing:  Technique, 
Early Results, and Lessons Learned”.  

Eugene Tsai was nominated to attend 
the 2014 American Orthopaedic As-
sociation Resident Leadership Forum 
and joined the American Orthopae-
dic Association’s Emerging Leaders 
Program.

Drs. Eugene Tsai and Michael Reich 
each won a Mid America Orthopaedic 
Association Education Grant.

Dr. Christina Cheng won 1st place at the 
2014 Ohio Orthopaedic Society, and 2nd 
place at 2014 Cleveland Orthopaedic Soci-
ety Meeting for paper, “Bioactive Micro-
sphere Incorporated Stem Cell Sheets for 
Osteochondral Defect Repair.” 

Dr. Jeremy Gebhart won the 2nd place 
award for his presentation at 2014 Ohio 
Orthopaedic Society Annual Meeting, 
“TIRAP/mal Mediates Particle-Induced 
Osteolysis in vitro and in vivo” 

Congratulations to Drs. Givenchy Manzano and Dr. Derrick Knapik who 
have been awarded the Dudley P. Allen Fellowship for 2015-2016.  
Dr. Manzano will work on implant loosening under the mentorship 
of Drs. Edward Greenfield and victor Goldberg.  Dr. Knapik is going to 
work under the mentorship of Dr. Raymond Liu and Dr. Ozan Akkus in 
pediatric anatomic research and biomechanics.
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Abstract
Background: Prophylactic approaches 
to prevent heterotopic ossification 
after acetabulum fracture surgery have 
included indomethacin and/or single-
dose external beam radiation therapy 
administered after surgery. Although 
preoperative external beam radiation has 
been used for heterotopic ossification 
prophylaxis in the THA population, to our 
knowledge, no studies have compared 
preoperative to postoperative radiation 
therapy in the acetabular fracture 
population.

Questions/purposes: To determine if 
there is a significant difference in the 
occurrence of HO between acetabular 
fracture patients treated with 
prophylactic XRT preoperatively and 
postoperatively. 

Methods: Between January of 2002 
and December of 2009 we treated 320 
patients with a Kocher-Langenbeck 
approach for acetabulum fractures, of 
whom 50 (34%) were treated with preop 
and 96 (66%) were treated with post-
operative radiation therapy. Of those, 

34 (68%) and 71 (74%), respectively, had 
6-month radiographs available for review, 
and were included. During the period in 
question, for hospital logistical reasons, 
patients who underwent operative 
treatment on a Friday or Saturday 
received radiation therapy preoperatively, 
and for all others, radiation therapy was 
delivered postoperatively. The treatment 
groups were comparable in terms of 
most demographic elements, injury 
severity, and fracture patterns. Six-month 
postoperative radiographs were reviewed 
and graded according to Brooker. 
Followup ranged from 6-93 months and 
6-97 months for the preoperative and 
postoperative groups, respectively. Post 
hoc power analysis showed our study 
was powered to detect a difference 
of 22% or more between the severe 
heterotopic ossification patients. Sample 
size calculations show that 915 subjects 
would be needed to detect a 5% relative 
difference in severe HO status between 
the groups.

Results: With the numbers available, we 
detected no difference in the frequency of 
heterotopic ossification between the pre 

(eight of 36, 22%) and postoperative (19 
of 71, 27%) groups (p = 0.582). In terms of 
severity of heterotopic ossification, two 
of 36 (6%) in the preoperative group and 
three of 71 (4%) in the postoperative group 
developed clinically significant Grade III 
heterotopic ossification (p = 1.000). No 
patients in either group developed Grade 
Iv heterotopic ossification.

Conclusions: With the numbers available, 
we found no difference in the frequency 
or severity of heterotopic ossification 
when comparing preoperative radiation 
therapy to postoperative radiation 
therapy. However, given the relatively low 
frequency of heterotopic ossification in 
this population, in particular the frequency 
of severe or symptomatic heterotopic 
ossification, the possibility of a Type II error 
must be considered. Larger, prospective 
studies are required to confirm our no-
difference finding, but insofar as the result 
in this fracture population mirrors that 
of the THA population, unless our finding 
is disproven, we believe that radiation 
therapy can be given either before or after 
the surgery, as dictated by the clinical 
scenario.

IS PREOPERATIvE RADIATION THERAPy AS 
EFFECTIvE AS POSTOPERATIvE RADIATION 
THERAPy FOR HETEROTOPIC OSSIFICATION 
PREvENTION IN ACETABULAR FRACTURES?
Michael Archdeacon, MD MSE1, Albert d’Heurle, MD1, Nicole Nemeth, MD2, Bradley Budde, MD3

1Department of Orthopaedic Surgery, University of Cincinnati, Cincinnati, OH 
2Department of Orthopaedic Surgery, Palo Alto Medical Foundation – Mountain view, Mountain 
view, CA
3Department of Anesthesiology, Rush University Medical Center, Chicago, IL 
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Level of Evidence: Level III, therapeutic 
study. See Instructions for Authors 
for a complete description of levels of 
evidence.

Introduction
Heterotopic ossification is a well-
documented complication after operative 
treatment of acetabulum fractures and 
may be seen on plain radiographs as 
early as 3 to 6 weeks after the injury but 
is maximized between 6 and 12 weeks1, 4, 

8, 10, 15, 16, 20-24, 33

Well established risk factors for the 
development of HO include posterior or 
extensile approaches to the acetabulum, 
T-type acetabulum fractures, a high injury 
severity score, a delay to surgery, a closed 
head injury, male gender, and trauma to 
the chest or abdomen4, 8, 10, 15, 24, 29, 32, 33. The 
most common forms of HO prophylaxis 
include indomethacin and / or single 
does external beam radiation (XRT) given 
postoperatively6, 7. Patients were educated 
on both treatment modalities and choose 
an option based on their perception of the 
associated risks and benefits. 

Given that the local stimuli for the 
initiation of heterotopic ossification likely 
occurs at the time of injury, a reasonable 
hypothesis would be that prophylaxis 
may be more effective if given closer to 
the time of injury rather that immediately 
postoperatively.25 Preoperative external 
beam radiation has been used for 
heterotopic ossification prophylaxis in the 
THA population11, 13, 18, 19, 31. However, the 
literature provides little insight regarding 
the efficacy of preoperative radiation 
therapy for heterotopic ossification in 
acetabulum fracture patients. Thus, as 
an initial step, we sought to compare 
preoperative with postoperative single-
dose external beam radiation for 
heterotopic ossification prophylaxis, in 
terms of the frequency and severity of 
heterotopic ossification in patients with 
acetabular fractures treated via a Kocher-
Langenbeck approach.

Patients and Methods 
Between January of 2002 and December 
of 2009 we treated 320 patients with 
a Kocher-Langenbeck approach for 
acetabulum fractures, of whom 50 
(34%) were treated with preop and 96 
(66%) were treated with post-operative 
radiation therapy. Of those, 34 (68%) 
and 71 (74%), respectively, had 6-month 
radiographs available for review, and 
were included [p = 0.568]. 

Radiation therapy was administered 
after consultation by the radiation 
oncology service. A single fraction 
dose was delivered using 6 to 10 mv 
ranging from 700 to 800 cGy7. For 
hospital logistical reasons, patients who 
underwent operative treatment on a 
Friday or Saturday received radiation 
therapy preoperatively, and for all 
others, radiation therapy was delivered 
postoperatively.

The treatment groups were comparable 
in terms of most demographic elements, 
injury severity, and relevant surgical 
parameters. The preoperative group had 

Table 1. Demographics 
Group I

 (Pre-op XRT) 
(n=36)

Group II
 (Post-op XRT) 

(n=71)
P value

Mean age in years (range) 48 (17-79) 41 (24-76) 0.026

Gender
     Male 83% (n=30) 75% (n=53) 0.309
     Female 17% (n=6) 25% (n=18)

Fracture Type
    Posterior Wall 42% (n=15) 52% (n=37)
        Posterior Column 
        Posterior Wall

3% (n=1) 4% (n=3)

    Both Column 0% (n=0) 1% (n=1)
        Transverse Posterior Wall 3% (n=10) 28% (n=20)
    Transverse 6% (n=2) 1% (n=1)
    T Type 6% (n=2) 6% (n=4)
        Anterior Column 
        Posterior                                             
        Hemitransverse

3% (n=1) 0% (n=0)

Mechanism of Injury 0.932
    Motor vehicle collision 78% (n=28) 79% (n=56)
    High fall (>10 feet) 8% (n=3) 7% (n=5)
    Motorcycle collision 6% (n=2) 4% (n=3)
    Low fall (<10 feet) 8% (n=3) 4% (n=3)
    Industrial crush injury 0% (n=0) 3% (n=2)
    Pedestrian versus auto 0% (n=0) 1% (n=1)
Other 0% (n=0) 1% (n=1)
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34 patients with 36 acetabular fractures 
(29 males, five females) and had a mean 
age of 48 ± 14 years (range, 17–79 years). 
The postoperative group had 71 patients 
(53 males, 18 females) and had a mean 
age of 41 ± 14 years (range, 24–76 years; 
p = 0.026 compared to the preoperative 
group; Table 1). We found no differences 
between groups in terms of associated 
injuries, including hip dislocation, 
sciatic nerve palsy, the presence of 
other skeletal, abdominal, thoracic, and 
neurologic injuries, and Injury Severity 
Score (Table 2). Time to surgery, blood 
loss, and operative time likewise were 
not different between the groups 
(Table 3). 

All patients were treated in a standard 
fashion for our institution with immediate 
closed reduction of hip dislocations in 
the emergency department followed by 
balanced skeletal traction. The acetabular 
fracture was treated as soon as the 
patient was cleared for surgery. All 
patients underwent a Kocher-Langenbeck 
approach to the acetabulum in the lateral 
decubitus position. In all cases, devitalized 
gluteus minimus muscle was resected as 
recommended by Routt et al.29 to reduce 
the risk for heterotopic ossification. 

Demographic, injury, and treatment data 
were abstracted from the prospectively 
collected acetabulum fracture database. 
The literature supports maturation of 
heterotopic ossification within 6 to 12 
weeks from of injury/surgery1, 9, 14, 21-24, 

26; therefore, radiographic review at 6 
months postsurgery was performed 
to assess heterotopic ossification 
as described by Brooker et al.5. Two 
independent investigators (NN,BB) 
evaluated the radiographs and assigned 
a Brooker grade. In cases where the 
evaluators were in disagreement as to 
the Brooker grade, the senior author 
(MTA) adjudicated. The development 
of heterotopic ossification was further 
analyzed based on clinical insignificance 
(Grade 0, Grade I, and Grade II) and clinical 
significance (Grade III and Grade Iv) 5, 6, 10, 

15, 24, 27. 

Statistical comparison using a Student’s 
t-test or chi-square analysis was first 
used to compare demographic, injury, and 
treatment variables. A Wilcoxon rank-
sum test was performed to compare the 
Brooker grade between the two groups.  
Statistical significance was set at p<0.05 
for all analyses. Statistically analysis was 
done by a statistician using SAS 9 [Sas 

Institute, North Carolina, USA]. Post hoc 
power analysis showed our study was 
powered to detect a relative difference 
of 22% or more between the severe 
heterotopic ossification patients. Sample 
size calculations show that 915 subjects 
would be needed to detect a 5% relative 
difference in severe HO status between 
the groups. 

Results
With the numbers available, the 
frequency of heterotopic ossification was 
no different between the preoperative 
group (eight of 36, 22%) and the 
postoperative group (19 of 71, 27%; p = 
0.58) (Table 4). 

With the numbers available, the groups 
likewise were comparable in terms of the 
proportion of patients with more severe 
heterotopic ossification. Two of 36 (6%) in 
the preoperative group and three of 71 
(4%) in the postoperative group developed 
Grade III heterotopic ossification 
(p = 1.000), and no patients in either 
group developed Grade Iv heterotopic 
ossification..

Discussion
Radiation therapy has been shown 
to be effective in reducing the risk of 
developing heterotopic ossification after 
ORIF of the acetabulum4, 24. Radiation 
therapy is thought to disrupt the 
mesenchymal stem cells and is most 
effective if administered within 3 days 
postoperatively1-3, 7, 12. The rationale for 
this study is based on the premise that 
prophylaxis may be more effective if given 
closer to the time of injury rather that 
immediately postoperatively25. In the THA 
population, preoperative radiation therapy 
has been safely utilized for heterotopic 
ossification prophylaxis;11, 19 however, 
to our knowledge this has not been 
investigated for acetabulum fracture 
patients. In comparing preoperative 
radiation therapy to postoperative 
radiation therapy we did not observe a 
significant difference in the occurrence 

Figure 2: Cancer stem cell (CSC) hypothesis model. CSCs divide into two cells: 1) an identical 
CSC which self-renews and maintains a pool of CSCs (white balls), and 2) a differentiated 
progenitor cell that continues to proliferate generating heterogeneous cancer cells 
comprising the bulk of the tumor (grey balls). (adapted from [40])

Table 2. Associated Injuries
 Group I

(Pre-op XRT)
 (n=36)

Group II
(Post-op XRT)

(n=71)
P value

Hip dislocation 75% (n=27) 79% (n=56) 0.650
Sciatic nerve palsy 11% (n=4) 13% (n=5) 1.000
Associated skeletal injuries 61% (n=22) 50% (n=36) 0.301
Associated abdominal injuries 19% (n=7) 7% (n=5) 0.318
Associated thoracic injuries 28% (n=10) 15% (n=11) 0.127
Associated neurologic injuries 3% (n=1) 1% (n=1) 1.000
Average injury severity score 12.1 ± 8.5 14.7 ± 20.9 0.625
Marginal impaction 56% (n=20) 45% (n=32) 0.337
Wall comminution (3 or more 
fragments)

44% (n=16) 44% (n=31) 0.988

Femoral Head Injury 25% (n=9) 30% (n=21) 0.618

PREOPERATIVE RADIATION THERAPY
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and severity of heterotopic ossification 
for acetabulum fracture patients.

Several limitations in our study need 
to be addressed. The study design was 
retrospective, and so there may have 
been differences between the study 
groups. Furthermore, the incidence of 
heterotopic ossification was evaluated 
radiographically, not clinically. The mean 
age between the groups was different 
(preoperative 48, postoperative 41, p = 
0.026); however, we do not believe that 
a mean age difference of seven years 
has any clinical relevance in this patient 
population. Potential risk factors for the 
development of heterotopic ossification 
include neurologic injury, abdominal and/
or thoracic trauma, an elevated Injury 
Severity Score, delay in operative fixation 
of the fracture, and extensile or posterior 
approaches to the acetabulum4, 8, 10, 15, 16, 20, 

21, 24, 33. While it was not possible to control 
for all of the heterotopic ossification 
risk factors, the two groups of patient in 
our series were similar in terms of sex, 
mechanism of injury, hip dislocation rate, 
associated injuries including neurologic 
injuries, operative time, estimated blood 
loss, treatment interval, Injury Severity 
Score, and Glasgow coma scale. An 
additional consideration concerns the 
logistical parameters within our system 
that necessitated preoperative radiation 
therapy for patients who had acetabular 
surgery on a Friday or Saturday, and it 

is possible that these patient groups 
would be different although they appear 
similar. We analyzed statistical power 
was another limitation; given the low 
rate of heterotopic ossification overall, it 
would have taken a much larger sample 
size to detect a difference between 
the two treatment groups. A post hoc 
power analysis demonstrated that this 
study was adequately powered to detect 
only a 22% relative difference in the 
development of heterotopic ossification. 
Given how infrequently clinically severe 
heterotopic ossification occurs, we feel 
this study is important as it can serve as 
pilot data for future prospective studies. 
Sample size calculations show that 915 
subjects would be needed to detect a 5% 
relative difference in severe HO status 
between the groups.

The frequency and severity of 
heterotopic ossification in our series 
was similar to that observed in other 

studies of heterotopic ossification 
that used postoperative radiation 
for prophylaxis1, 24. Anglen et al.1, 
in a series of 21 patients with an 
acetabular fracture treated surgically 
followed by postoperative radiation 
for the prevention of heterotopic 
ossification, found that six patients 
(28.7%) went on to develop either Grade 
I or II heterotopic ossification. Similarly, 
Moore et al.24, in a series of 33 patients, 
found that nine patients (29.0%) 
developed heterotopic ossification after 
receiving radiation therapy. Schafer et 
al. 30, in a series of 44 patients treated 
with radiation, found that 19 patients 
(43.2%) developed some form of 
heterotopic ossification. Providing more 
relevance to our investigation, Mourad 
et al.25 demonstrated in a series of 585 
patients with acetabular fractures that 
patients who received radiation therapy 
closest to the time of injury had a lower 
incidence of heterotopic ossification 

Table 3. Treatment Variables
 
 
 
 

Group I
(Pre-op XRT) 

(n=36)

Group II
(Post-op XRT)

(n=71)
P value

Mean Median Range Mean Median Range  
Treatment interval (injury to 
surgery - days) 6 5 (2-16) 4 4 (0-14) 0.061

Operative blood loss (mL) 614 537 (100-1850) 669 500 (150-2200) 0.791

Operative time (mins) 201 195 (120-323) 201 175 (95-552) 0.242

Table 4. Distribution of HO development
 Group I

(Pre-op XRT) 
(n=36)

Group II
(Post-op XRT)

(n=71)
P value

No HO 78% (n=28) 73% (n=52) 0.666
Brooker I 14% (n=5) 13% (n=9)
Brooker II 3% (n=1) 10% (n=7)
Brooker III 6% (n=2) 4% (n=3)
Brooker Iv 0% (n=0) 0% (n=0)
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compared to patients whose radiation 
therapy was delayed.

In the elective hip surgery population, 
Pellegrini et al.28 examined the difference 
between preoperative and postoperative 
radiation therapy for the prevention of 
heterotopic ossification after THA. In a 
cohort of 86 hips, they found 12 of 49 
patients (24%) developed heterotopic 
ossification in the preoperative group 
versus 10 of 37 patients (27%) in the 
postoperative group. The radiation dose 
was delivered either 6.1 hours before 
surgery or within 51.3 hours after 
surgery28. Lonardi et al.19 examined just 
the rate of heterotopic ossification in 
patients treated with radiation within 
16 hours before THA and found the rate 
of heterotopic ossification to be six of 
143 (4.2%). Other studies have found the 
rate of heterotopic ossification ranges 
from 5% to 48% in patients irradiated 
for heterotopic ossification prophylaxis 
between 4 to 20 hours before THA11, 13, 18, 31. 

Although preoperative radiation 
therapy has been shown to be safe 
and effective in the prevention of 
heterotopic ossification in elective 
THA procedures11, 13, 18, 19, 31, there are no 
reports to our knowledge of this being 
done in the trauma patient setting. The 
exact pathophysiology of heterotopic 
ossification is not completely understood; 
however, some have theorized that 
initial traumatic insult is the root cause 
of the heterotopic bone17, 24. Because of 
this, we thought there might have been 
some potential advantage to earlier 
administration of radiation therapy, and 
that preoperative treatment might have 
been more effective than postoperative 
radiation in the prevention of heterotopic 
ossification in the trauma patient. 
However, in our series, with the numbers 
available we found no difference in the 
frequency or severity of heterotopic 
ossification between patients who 
received radiation preoperatively versus 

those who received it after surgery.

In conclusion, we believe that radiation 
therapy for heterotopic ossification 
prophylaxis can be given preoperatively or 
postoperatively, at least until disproven 
by larger, prospective studies. This 
recommendation is supported in the THA 
literature. Additionally, in the trauma 
setting, preoperative administration 
may have some theoretical advantages, 
mainly therapy initiation closer to 
the time of injury. Finally, although a 
relatively small study, we believe the 
data is valuable and can serve as pilot 
data for larger, prospective studies 
further investigating preoperative versus 
postoperative radiation therapy as 
heterotopic ossification prophylaxis in 
acetabulum fractures. . 
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Abstract
Background: There are several published 
computed tomography (CT) classification 
systems for calcaneus fractures, each 
validated by a different standard. The 
goal of this study was to measure 
which system would best predict clinical 
outcomes as measured by a widely used 
and validated musculoskeletal health 
status questionnaire. 

Methods: Forty-nine patients with 
isolated intra-articular joint depression 
calcaneus fractures more than two years 
after treatment were identified. All had 
preoperative CT studies and were treated 
with open reduction and plate fixation 
using a lateral extensile approach. Four 
different blinded reviewers classified 
injuries according to the CT classification 
systems of Crosby and Fitzgibbons, 
Eastwood, and Sanders. Functional 
outcomes were evaluated with the 
Musculoskeletal Functional Assessment 
(MFA). 

Results: The mean follow-up was 4.3 
years. The mean MFA score was 15.7 (SD 
11.6), which is not significantly different 
from published values for midfoot 
injuries, hindfoot injuries, or both, one 
year after injury (mean 22.1, SD 18.4)
(p = 0.07). The classification systems of 

Crosby and Fitzgibbons, Eastwood, and 
Sanders, the number of fragments of the 
posterior facet, and payer status were 
not significantly associated with outcome 
as determined by the MFA. The Sanders 
classification trended toward significance. 
Anterior process comminution and 
surgeon’s overall impression of severity 
were significantly associated with 
functional outcome.

Conclusions: The amount of anterior 
process comminution is an important 
determinant of functional outcome; with 
increasing anterior process comminution 
significantly associated with worsened 
functional outcome (p = .04). Additionally, 
surgeon’s overall impression of severity 
of injury was predictive of functional 
outcome (p = .02), as determined by MFA.

Level of Evidence: Level III

Keywords: Calcaneus, fracture, 
classification, computed tomography, 
prognostic value, intra-articular
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Introduction
Classification systems are commonly 
used when assessing orthopaedic 
injuries. Injuries to the calcaneus are 
no exception. Numerous classification 
systems that use plain radiographs 

have been devised to classify calcaneus 
fractures 10,23,24,31,32. The advent of modern 
computed tomography (CT) has greatly 
improved the evaluation of fractures 
and our understanding of calcaneus 
fractures. In 1985, Segal described using 
CT technology to evaluate calcaneus 
fractures27. Four major CT-based systems 
have been proposed and cited for 
classifying joint depression calcaneus 
fractures. Crosby and Fitzgibbons, 
Eastwood and associates, Sanders and 
associates, and Zwipp and associates all 
have published CT-based systems for 
classifying joint depression calcaneus 
fractures5,7,25,33. The systems are widely 
cited but were not originally intended to 
provide prognostic outcome information. 
In light of recent publications calling into 
question whether open treatment is 
effective, it would be helpful to identify 
a system that measures severity and 
predicts fracture outcomes based on 
a validated musculoskeletal health 
measure. 

This study sought to evaluate the 
prognostic value of CT classification 
systems for intra-articular joint 
depression calcaneus fractures 
measured against a single, common 
outcome measure, the Musculoskeletal 
Functional Assessment (MFA). We also 
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evaluated the significance of posterior 
facet comminution and anterior process 
comminution. As an internal control, 
we recorded the surgeon’s subjective 
impression of prognosis and compared it 
with outcomes.

Materials and Methods
Institutional review board approval 
was obtained. A comparison was 
made between blinded assessment of 
outcomes of isolated joint depression 
os calcis fractures as measured by the 
Musculoskeletal Functional Assessment 
(MFA) and three published CT based 
classification systems. 

The fractures were identified from a 
state-mandated trauma registry. The 
registry data from a four -year period 
were reviewed to identify patients 
with isolated intra-articular calcaneus 
fractures. We selected isolated fractures 
to prevent confounding of the outcome 
measure. Patients were included if they 
had operative treatment for an isolated 
joint depression calcaneus fracture 
treated at our institution, spoke English, 
had no cognitive impairments, had no 
other injuries that might impact the 
MFA, had a pre-operative CT of sufficient 
quality to classify the injuries (1.25 
mm cuts and both coronal and sagittal 
reformats) and were followed to healing. 
All patients were treated operatively with 
open reduction with plate fixation using 
a lateral approach. To reduce variability 
patients were only included if treated 
by surgeons with 10 years or more 
surgical experience with these fractures. 
A minimum follow-up of two years from 
the time of the injury was required for 
inclusion. Only joint depression type 
injuries were included to limit variability. 
Only experienced surgeons were included 
for the same reason. Both surgeons used 
a standardized approach during the study 
period.

The records and images of two hundred 
forty-eight patients were reviewed. Each 

scan was critically reviewed to ensure 
that appropriate cuts were available to 
classify the fracture according to the 
classification systems published by 
Crosby and Fitzgibbons, Eastwood, and 
Sanders. One hundred one patients 
with isolated calcaneus fractures met 
all the inclusion criteria. The presence of 
other fractures was the most common 
exclusion factor, followed by tongue 
variant patterns and incomplete CT 
scans. In addition, we counted the 
number of anterior process fracture 
fragments and the number of posterior 
facet fracture fragments as a proxy for 
fracture intensity3. 

Four surgeons, blinded to the outcome, 
classified the fractures by consensus 
according to the systems of Crosby and 
Fitzgibbons, Eastwood, and Sanders5,7,25. 
Consensus was used because the 
reproducibility of these classifications 
has not been established14,21,26. Without 
an idea of their reproducibility, we could 
not assess the accuracy of the outcomes. 
Photocopies of the classification systems 
were available at the time of the review 
so that direct comparisons could be 
made between the study subjects’ CT 
scans and the recommended plane of 
CT. In addition to classifying the injuries 
by these published systems, we counted 
the number of posterior facet fragments 
identified on the coronal cuts and the 
number of anterior process fragments 
on the transverse cuts as a proxy for the 
energy of injury3. Anterior process was 
defined as all portions of the calcaneus 
anterior to the posterior facet. 

A general impression of fracture severity 
also was recorded without specific, 
defined evaluation criteria. The reviewing 
surgeons divided patients into two groups 
based on the surgeons’ prediction of 
functional outcome. One group consisted 
of patients the surgeons believed would 
have a good functional outcome while the 
second group consisted of patients the 
surgeons predicted would have relatively 

poor outcomes. This was done as a 
control for overall severity of the injury. 
Later, the same statistical measures were 
employed as on the published systems.

Research personnel not involved in 
treating the patients or involved in 
classification of the injuries contacted 
the patients and asked the patient to 
complete an MFA. Forty-nine patients 
(48.5%) were successfully contacted and 
completed the MFA. Two patients were 
contacted but declined to participate. 
These 49 patients who responded 
comprised the study group. The MFA 
assesses functioning in persons with a 
broad range of musculoskeletal disorders. 
It is a 101-item self-report health status 
instrument for patients with extremity 
fractures, soft-tissue injuries, repetitive 
motion disorders, or arthritis19. It takes 
approximately 15 minutes to complete 
and queries patients on their abilities 
in 10 categories covering a broad range 
of activities including recreation/
leisure, mobility, employment/work 
and emotional adjustment/coping/
adaptation. It was selected for this 
study because its reliability, validity, and 
responsiveness have been demonstrated 
in a similar population9,19,20.  The MFA 
can show continued change (ie, patient 
improvement) for more than one year 
after injury9. A low score indicates good 
function and a high score indicates poor 
function. Its validation was in a similar 
population, young people with injuries to 
the musculoskeletal system8,28.

Statistical Methods
Multiple logistic regression was used 
to determine whether any fracture 
classification scheme was predictive of 
functional outcome as determined by the 
MFA. The relation between the number 
of posterior facet fragments, the number 
of anterior process fragments and the 
functional outcome was also determined 
by logistic regression. Additionally, 
the relation between the MFA and the 
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general impression of fracture severity 
was evaluated. Finally, the association 
between work-related injuries (ie, 
Department of Labor and Industries 
payer status compared with all other 
sponsors) and functional outcome was 
assessed to determine whether further 
stratification would be needed. With 49 
subjects, assuming standard deviation of 
11.0, and in a normally distributed MFA 
score, we have 80% power to detect a true 
difference between group means of 7.8 at 
a significance of p = 0.05.

Results
There were 36 men in this study and 
13 women (mean age, 47.3 years; age 
range, 20-79 years). The mean duration 
of follow-up was 4.3 years (range, 2-7.8 
years). The mean MFA score was 15.7 (SD, 
11.6), which is not significantly different 
from published values for midfoot 
injuries, hindfoot injuries, or both, one 
year after the injury (mean, 22.1; SD, 18.4)
(p = 0.07). The Sanders classification 
(Table 1), showed a strong trend toward 
a significant correlation with functional 
outcome; however, no statistically 
significant difference was found when 
comparing group 2 with group 3 (p = .052), 
group 2 with group 4 (p = .097), or group 2 

with groups 3 and 4 combined (p = .09). 

The classifications systems of Crosby 
and Fitzgibbons (p = 0.93) (Table 2) and 
Eastwood (p = 0.09) were not predictive 
of functional outcome as predicted by the 
MFA. 

The number of fragments of the posterior 
facet (Table 3) was not prognostic of 
functional outcome (p = 0.57). The 
number of anterior process fracture 
fragments (Table 4) was significantly 
associated with MFA score; the greater 
the number of anterior process fracture 
fragments, the worse the outcome (p = 
0.04). 

The qualitative prediction of the 
reviewing surgeons was assessed by 
dividing injuries into two groups based 
on whether the surgeons believed the 

fracture would have a good functional 
outcome or a relatively poor outcome 
(Table 5). This variable was the most 
predictive of functional outcome as 
determined by the MFA (p = 0.02). 
Insurance sponsor status reflecting an 
on the job injury was not significantly 
associated with MFA score. 

Discussion 
It is useful to have a classification 
system to predict outcome, to measure 
the impact of treatment, and to help 
determine whether one treatment 
is more effective than another. For a 
classification system to be useful it 
should be easy to remember and use, 
it should be reliable (that is, - applied 
by different people at different times 
in the same way), and it should be valid 
(ie, it should predict a difference). A 

Figure 1: Axial computed tomography scans of calcaneal fractures showing different levels of anterior process calcaneal comminution. a: 
low, c: moderate, c; high.

Sanders fracture type Frequency of occurrence Mean MFA score
II 30 13.4
III 16 20.3
Iv 3 13.7

III +Iv 19 19.3

Table 1: MFA by Sanders classification. Sanders fracture type II compared with type III 
(p = .052), type II compared with type Iv (p = .97), and type II compared with types III and 
Iv (p = .09). No statistically significant association with outcome, as determined by MFA, 
was found.

PROGNOSTIC VALUE OF COMPUTED TOMOGRAPHY CLASSIFICATION SYSTEMS 
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classification system should help with 
treatment or predict outcome. 

Thordarson et al concluded that ORIF 
leads to better outcome than closed 
management29, More recently, two 
well-done prospective studies (Buckley 
et al4 and Per-Hendrik Ägren1 et al) have 
demonstrated no difference in overall 
outcome. While Buckely et al, showed no 
difference in outcome between the non 
stratified groups, the non operative group 
had a six fold increase in the need for 

subtalar fusion. This suggests that we do 
not have a valid measure of outcome or 
that we do hat have adequate ability to 
stratify the injuries.

Four major CT-based systems for 
classifying calcaneus fractures have 
been published. Crosby and Fitzgibbons, 
Eastwood and associates, Sanders and 
associates, and Zwipp and associates 
have all published classifications 
schemes5,7,25,33. Each of these systems 
has been validated against a different 

standard, making comparison difficult26. 
Knowing which system is most valid 
and predictive of clinical outcome would 
be helpful. We therefore compared 
the classifications with a single, 
validated self-assessment tool, the 
Musculoskeletal Functional Assessment 
(MFA). The MFA records the outcome 
from the perspective of the patient 
rather than from the perspective of the 
physicians who design the classification 
system. 

Crosby and Fitzgibbons fracture type Frequency of occurrence Mean MFA score Standard deviation (MFA)
I 5 15 8.7
II 34 15.4 11.94
III 10 16.9 13.04

Table 2: MFA by Crosby and Fitzgibbons classification. No statistically significant association with outcome, as determined by MFA, was 
found (p = .93).

Table 3: Number of posterior facet fragments and corresponding MFA scores. No statistically significant association with outcome, as 
determined by MFA, was found (p = .57).

No. of posterior facet fragments Frequency of occurrence Mean MFA score Standard deviation 
 (MFA)

2 27 14.4 11.60
3 16 18.4 11.72
4 5 11.4 13.40
5 1 27  

No. of anterior process fragments found Frequency of occurrence Mean MFA score Standard deviation (MFA)
1 2 13.5 10.6
2 13 8.9 11.2
3 22 17.5 11.9
4 6 22.7 9.9
5 6 17.7 9.0

Table 4: Number of anterior process fragments and corresponding MFA scores. A statistically significant association with outcome, as 
determined by MFA, was found (p = .04).

Surgeon’s impression of outcome Frequency of occurrence Mean MFA Standard deviation
MFA

Good 35 13.5 11.01
Poor 14 21.3 10.89

Table 5: Reviewing surgeon’s prediction of outcome based on general impression of fracture severity. A statistically significant association 
with outcome, as determined by MFA, was found (p = .02)
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Crosby and Fitzgibbons based their 
classification system on fracture patterns 
involving the posterior facet5. In type 
I (slightly or undisplaced), fracture 
fragments are small or not displaced 
more than 2 millimeters. Type-II fractures 
(displaced) consist of an intra-articular 
fracture through the posterior facet that 
has 2 millimeters or more of diastasis or 
depression. If the fracture fragments of 
the posterior facet are multiple and small, 
it is a type-III (comminuted) injury. Using 
this system, the authors reported on the 
outcomes of 30 intra-articular injuries. 
Using the Creighton-Nebraska Health 
Foundation Assessment as a measure, 
fractures of higher severity in their 
classification system did worse. Crosby 
and Fitzgibbons concluded that by using 
their system, it was possible to predict 
which fractures would do well and which 
would do poorly. 

In our review, there were five type-I 
fractures with a mean MFA score of 15 
(SD, 8.7), 34 type-II fractures with mean 
MFA score of 15.4 (SD, 11.94), and 10 
type-III fractures with a mean MFA score 
of 16.9 (SD, 13.04). This demonstrated a 
trend for poorer outcomes in injuries of 
a higher grade, but the difference did not 
reach statistical significance (p = .93). 

The classification system by Eastwood 
and associates is based on fracture 
composition of the lateral wall7. It was not 
created to determine functional outcome. 
The authors identified three major 
fracture fragments: sustentacular, lateral 
wall, and body. In type-I fractures, the 
lateral fragment consists of the lateral 
joint fragment alone. Type-II fractures are 
fractures in which the lateral fragment 
consists of both a body and a lateral joint 
fragment. In type-III fractures, the body 
fragment alone is the lateral fragment. 
This classification attempts to help 
classify the injury from the lateral wall, 
as this is the first view of the fracture 
when the calcaneus is approached by an 
extensile lateral approach. 

In the current series, we had eight type-
II fractures and 41 type-III fractures. 
This classification system did not show 
a trend toward predicting functional 
outcome as determined by the MFA.
The most commonly used CT system 
used for classifying calcaneus fractures is 
the Sanders system25. This classification 
system is based on the single CT section 
that displays the widest portion of the 
posterior facet. The posterior facet is 
divided into three potential fragments by 
two vertical lines, A and B. An additional 
fracture line, C, corresponds to the medial 
edge of the posterior facet and separates 
it from the sustentaculum, resulting 
in a total of four potential fracture 
pieces. There are three potential type-II 
fractures: type IIA, type IIB, and type IIC. 
There are three potential type-III fracture 
patterns: type IIIAB, type IIIAC and type 
IIIBC. Outcome was determined using 
the Maryland Foot Score, and follow-up 
CT scans were performed to assess the 
quality of articular reduction. The authors 
noted that operative results improved 
with surgeon experience in all but type-Iv 
fractures. In the current study, 30 type-II 
fractures had a mean MFA score of 13.4. 
There were 16 type-III fractures with a 
mean MFA score of 20.3, and three type-
Iv fractures with a mean MFA score of 
13.7. When evaluating the classification 
system of Sanders and associates by 
MFA result, there were no statistically 
significant differences found when 
comparing type II with type III (p = .052), 
type II with type Iv (p = .97), or type II with 
III and Iv combined (p = .09).

The Zwipp classification is a 12-point 
system that also incorporates the 
extent of soft-tissue injury and fractures 
of other nearby bones33. The other 
classification systems strictly use CT 
results to classify the fractures. Because 
of this difference, we did not include the 
Zwipp system in this project.

Studies assessing outcomes of calcaneus 
fractures are difficult to compare because 

of the multiple outcome instruments 
used in previous studies2,11,12,15-18. The 
Maryland Foot Score and the Creighton-
Nebraska Health Assessment both 
have been used to measure outcomes 
in previous studies assessing CT 
classification systems5,25. Howard and 
colleagues used the SF-36 as an outcome 
instrument in their recent prospective 
randomized study13. Fractures were 
classified by both Crosby and Fitzgibbons, 
and Sanders classification systems. No 
relation between classification and SF-36 
was reported, but the authors did find 
that the development of complications 
was dependent on Sanders type and 
independent of Crosby and Fitzgibbons 
type. The validity, consistency, and 
responsiveness of the MFA are 
documented, which is why we used the 
scale to determine outcomes data for 
all patients in this study9,19,20. Using the 
MFA, one may identify specific functional 
issues. 

When examining calcaneus fractures, 
it is important to evaluate injury to the 
entire bony architecture. Both Crosby 
and Fitzgibbons and Sanders base their 
classification systems on involvement of 
the posterior facet only5,25. To evaluate 
the significance of the location of fracture 
lines, we counted the number of fracture 
fragments of the posterior facet and 
of the anterior process and examined 
their relation with functional outcome 
as determined by the MFA. The number 
of fragments in the posterior facet did 
not show any statistical significance in 
predicting outcome (p = .57). 

For the current study, the anterior 
process was defined as all portions of 
the calcaneus forward of the critical 
angle of Gissane. The number of anterior 
process fragments were counted, and 
fractures with more fragments were 
found to have higher MFA scores and 
worse functional outcomes (p = .04). In 
a prior review of CT scans performed on 
joint depression calcaneus fractures, 

PROGNOSTIC VALUE OF COMPUTED TOMOGRAPHY CLASSIFICATION SYSTEMS 
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the primary fracture line was noted to 
extend into the anterior process in 85 
of 116 fractures22. Sixty-seven primary 
fracture lines entered the calcaneal 
cuboid joint, 10 involved the middle facet, 
and 31 involved the anterior facet22. 

Wagner and colleagues studied the 
contact characteristics of the subtalar 
joint and assessed load distribution 
between the anterior and posterior 
facets30. They found that under an 
axial load, the contact pressures in the 
anterior facet, the middle facet, or both, 
were significantly greater than those 
in the posterior facet. The anterior joint 
area averaged only 31% of the posterior 
facet area yet it carried 63.3% of the 
force carried by the posterior facet. Their 
calculations showed the overall joint 
pressure, calculated by dividing force by 
the contact area, was 1.44 MPa for the 
anterior and middle facets compared with 
0.93 MPa for the posterior facet30. None 
of the CT classification systems evaluated 
here considers injury to the anterior 
process in its assessment of fractures. 
(To achieve optimal outcomes, the normal 
anatomy of the entire calcaneus must 
be accurately restored. This includes 
overall shape as well as accurate 
articular reduction of the posterior, 
anterior, and middle facets.) Because the 
number of anterior process fragments is 
significantly associated with functional 
outcome, anterior process comminution 
is vitally important (p = .04).

A strength of this study is the blinded 
evaluation of fracture imaging by 
experienced surgeons and the correlation 
of three established calcaneus fracture 
classifications schemes (Crosby and 
Fitzgibbons, Eastwood, and Sanders), 
anterior process comminution, and 
the surgeon’s subjective impression of 
fracture severity and the correlation 
of this with a reproducible, validated, 
responsive outcome measure. It is limited 
by a small sample size and contains only 
patients from a single center. There is no 

accounting for the quality of reduction 
obtained with surgery, fixation construct 
or post-operative rehabilitation protocol 
and when a surgeons reaches the level of 
“experienced” has not been defined. 

In conclusion, this study compared 
outcomes as measured by a validated 
musculoskeletal outcome measure 
with CT findings at the time of injury. A 
simple counting of fracture fragments 
in the anterior process predicts the 
outcome of calcaneus fractures—the 
greater the number of fragments, the 
worse the prognosis. Physician opinion 
of fracture severity has been shown to 
have better interobserver reliability than 
other established classification systems 
for injury to the tibial plafond6. Similiarly, 
if an experienced surgeon examines a 
fracture of the calcaneus and believes 
that it will be difficult to heal, it most 
likely will be.

The classification systems of Crosby and 
Fitzgibbons, Eastwood and associates, 
Sanders and associates, the number 
of fragments of the posterior facet, 
and labor and industry status were not 
significantly associated with outcome as 
determined by the MFA, although there 
was a trend toward significance regarding 
the Sanders classification system. The 
amount of anterior process comminution 
is an important determinant of functional 
outcome and should be assessed by 
treating surgeons; the amount of anterior 
process comminution was significantly 
associated with functional outcome (p 
= .04). The surgeon’s overall impression 
of severity of injury was more predictive 
of functional outcome (p = .02), as 
determined by MFA, than were any of the 
three CT classification systems evaluated. 
The results reported here are limited to 
joint depression injuries treated with an 
open reduction technique. 

Role of the funding source: There is no 
funding source to disclose. 
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Abstract
Open reduction with direct visualization 
of the fracture fragments and joint 
surface for an avulsion of the extensor 
mechanism of the great toe has not been 
described in the English literature to our 
knowledge. Prior authors have reported 
on closed reduction, percutaneous 
reduction techniques, and extension block 
methods2,5-7. Although treatment of an 
avulsion of the extensor mechanism of 
the hallux has been described only in 
case reports, a similar injury in the hand, 
the mallet finger, has been described 
extensively. Nonoperative and operative 
indications and treatment have been well 
described for the mallet finger. As such, 
the principles of treatment for mallet 
finger have been used to guide treatment 
of the mallet toe. The mechanism of 
injury, treatment, and rehabilitation for 
the acute, unstable mallet toe of the 
hallux are described in this case report.

Case Report
A 16-year-old male presented with pain, 
swelling, and ecchymosis in his left great 
toe following a hyperplantarflexion injury 
sustained while kicking a soccer ball 
barefoot 2 days prior to presentation. He 
was unable to actively dorsiflex his great 
toe following the injury.

Standard lateral (Figure 1A) and 
anteroposterior (AP) (Figure 1B) 
radiographs of the foot revealed a 
bony avulsion of the dorsoproximal 

aspect of the distal phalanx of the great 
toe. The avulsed fragment comprised 
approximately 40% of the joint surface on 
the lateral view. It was displaced 2 mm 
dorsally with 30 degrees of apex dorsal 
angulation. The interphalangeal (IP) joint 
was partially subluxed plantarward. 
Secondary to the size of the articular 
fragment with joint subluxation, 
in addition to its angulation and 
displacement, operative management 
was chosen.

The patient was brought to surgery 4 
days postinjury. A popliteal block and 
sedation were administered, and a 

Figure 1. Standard lateral and (B) anteroposterior radiographs of the foot, which revealed a 
bony avulsion of the dorsoproximal aspect of the distal phalanx of the great toe.

Figure 2. Initial closed reduction, 
attempted with hyperdorsiflexion of the 
great toe interphalangeal joint.

MANUSCRIPTS
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pneumatic calf tourniquet was used. Initial 
closed reduction was attempted with 
hyperdorsiflexion of the great toe IP joint, 
which was assessed with fluoroscopy 
(Figure 2). As the reduction of the fragment 
and the articular surface was deemed 
to be inadequate, open reduction and 
internal fixation were performed. Through 
a Z-shaped incision centered over the IP 
joint of the distal phalanx, the fragment 
was visualized and debrided. Germinal 
matrix was not noted within the fracture 
site, although there was soft tissue 
impeding our closed reduction. Using a 
pointed reduction clamp and dorsiflexion 
of the great toe IP joint, the fracture 
was reduced under direct visualization. 
Reduction was confirmed with fluoroscopy 
(Figure 3). To secure the reduction, two 
0.045-inch Kirchner wires were placed 
across the fracture into the base of the 
distal phalanx. A third Kirchner wire (0.062 
inches) was placed across the IP joint. 
This third wire functioned to maintain the 
hallux in a dorsiflexed position and thus 
protect our repair by decreasing the pull of 
the extensor mechanism on the fragment 
(Figure 4). The incision was closed and the 
patient placed in a below-knee splint with 
a long toe box and padding under the great 
toe to maintain the dorsiflexed position. 
He was initially allowed to partially weight 
bear through his heel.

His rehabilitation included initial follow-up 
at 2 weeks postoperatively, at which point 
sutures were removed and he was placed 
into a short leg fiberglass cast with a long 
toe box and continued padding under the 
great toe to maintain great toe extension. 
At 5 weeks, the patient’s radiographs 
showed interval healing and his pain had 
resolved, and therefore his 3 K-wires were 
removed. He was placed into a walking 
boot and began weightbearing as tolerated 
with a molded dorsal thermoplastic splint 
(Figure 5) holding the toe in extension. At 
10 weeks, he had weaned from the boot, 
had started low-impact exercise with the 

Figure 3. Reduction of the fracture, 
under direct visualization, using a pointed 
reduction clamp and dorsiflexion of the 
great toe interphalangeal joint.

Figure 4. A third Kirchner wire (0.062 
inches), placed across the interphalangeal 
joint, which functioned to maintain the hallux 
in a dorsiflexed position and thus protect our 
repair by decreasing the pull of the extensor 
mechanism on the fragment.

Figure 5. Molded dorsal thermoplastic splint, holding the toe in 
extension.

Figure 6. (A, B) X-rays showing excellent bony healing and position.
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dorsal splint, and had no extensor lag on 
exam. At about 3 and a half months, the 
dorsal splint was discontinued during 
exercise, and he initiated full activity except 
for contact sports, which he was able 
to resume at 6 months posttreatment. 
Films showed excellent bony healing and 
position (Figure 6A,B). He demonstrated no 
extensor lag and full, symmetric range of 
motion at the 6-month clinical follow-up 
(Figure 7).

Discussion
Acute bony mallet injury of the 
hallux is an uncommon injury that 
has been described as occurring by 
a hyperplantarflexion or a stubbing 
mechanism2,5-7. The open surgical 
treatment of an extensor avulsion of the 
distal phalanx of the great toe with direct 
visualization of the fracture fragments 
and joint surface has not been described. 
Rapoff and Heiner6 reported nonoperative 
treatment of a similar fracture in a 
36-year-old runner who sustained a 
hyperplantarflexion injury to his great 
toe while ascending a flight of stairs. 
They were able to achieve and maintain 
reduction with a rigid soled sandal. At 
16 weeks postinjury, the patient had 
returned to running without pain or 
extensor lag. Hennessy and Saxby2 
reported treatment of a traumatic mallet 
toe sustained by a forced flexion moment 

through the IP joint of the great 
toe. Treatment consisted of a 
dorsal thermoplastic extension 
splint for 8 weeks. The patient 
was asymptomatic and pleased 
with his outcome but, at the 
6-month follow-up, did have 
a mild dorsal deformity over 
the IP joint, a minor degree 
of flexion deformity, and 
approximately 50% of joint 
motion compared with his 
contralateral side.

Two groups have previously 
described surgical treatment. 
Nakamura5 employed closed 
reduction and percutaneous 

pinning to treat a 51-year-old man with 
a small bony avulsion of the extensor 
tendon secondary to a stubbing injury. In 
this case, a plantar aluminum-foam splint 
was initially used, followed by a dorsal 
splint, but the patient did not tolerate 
either of these conservative measures. 
The patient underwent a delayed closed 
reduction and percutaneous pinning. At 
1-year follow-up, the patient was pain 
free with no flexion deformity, a congruent 
joint on radiographs, and virtually full 
range of motion compared with the 
contralateral side. Most recently, Wada 
and yui7 treated a 49-year-old man who 
sustained a large bony avulsion via a 
hyperplantarflexion injury while barefoot. 
They also elected to apply the criteria 
for mallet finger treatment, and due to 
the size of the fragment, they opted for 
surgical management using the extension 
block method. The patient had bony union 
demonstrated on computed tomography 
at 8 weeks.

Since the literature for mallet finger is 
more robust, we elected to apply the 
criteria for managing a similar injury in 
the hand to our patient. This method has 
been recommended by others2,4-7. The 
indications for the surgical management 
of a mallet finger are a displaced 
fragment, a fragment with greater than 

30% of the joint surface involved, or 
subluxation of the distal fragment that 
cannot be held reduced with the closed 
technique1,3. Only one of the previous 
reports treated a patient with a fracture 
fragment that comprised as much of 
the joint surface as was involved in 
our patient. The authors were able to 
adequately reduce the fracture closed 
and use extension block pinning as has 
been described in the hand. Our patient 
met all of the above criteria for surgical 
management, and therefore we applied 
the same principles and performed a 
successful open reduction and fixation of 
his mallet toe.

Conclusion
Acute mallet toe of the hallux is an 
uncommon injury for which open surgical 
treatment has not been described. Open 
surgical treatment was successful in this 
skeletally mature adolescent patient after 
failed closed reduction of a large, unstable 
mallet fragment. Although closed 
surgical treatment has been shown to be 
successful, if adequate reduction cannot 
be obtained, open surgical treatment can 
yield good clinical results.
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Figure 7. At the 6-month clinical follow-up, the 
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Abstract
Background: No published study has ever 
described the relationship of the medial 
patellofemoral (MPFL) attachment to 
the distal femoral physis in skeletally 
immature cadaveric specimens. As such, 
there continues to be much confusion 
about this relationship which is important 
when considering MPFL reconstruction in 
the skeletally immature patient.

Hypothesis: The medial patellofemoral 
ligament footprint is distal to the medial 
border of the distal femoral physis.

Study Design: Descriptive laboratory study

Methods: We utilized 16 skeletally 
immature specimens for our study. 
We first identified the MPFL femoral 
attachment, the adductor tubercle, and 
the medial epicondyle in all specimens. 
We carefully described the topography of 
the distal femoral physis. We measured 
the distance from the medial aspect of the 
distal femoral physis to the MPFL femoral 
attachment and the horizontal distance 
from the MPFL femoral attachment to 
the point where a femoral tunnel would 
intersect the undulating femoral physis. 
All measurements were made with digital 
calipers.

Results: The average age of specimens 
in this study was 12 years (range 10 – 15 
years). The MPFL attachment was distal 

to the medial aspect of the femoral physis 
in all specimens. The MPFL attachment 
was an average of 8.5 mm distal to the 
medial aspect of the distal femoral physis. 
In the coronal plane the undulating 
physis was 10.51 mm medial to the 
MPFL attachment. In all specimens the 
undulations of the medial physis were 
concave directly posterior and lateral 
to the MPFL attachment and convex 
anterior to the MPFL attachment. Both 
the adductor tubercle and the medial 
epicondyle were also distal to the femoral 
physis in all specimens.

Conclusions: Our study has confirmed the 
findings of others who have shown that 
the MPFL femoral attachment lies distal 
to the medial aspect of the distal femoral 
physis. Additionally, our results show 
that the MPFL femoral attachment is in 
very close proximity to the distal femoral 
physis.

Clinical Relevance: In order to help 
facilitate anatomic MPFL reconstruction, 
Schottle et al described a radiographic 
method to identify the MPFL femoral 
attachment on lateral radiographs in 
skeletally mature individuals. Because 
of the complex physeal anatomy, much 
confusion exists concerning whether 
an MPFL femoral tunnel can be placed 
safely in the pediatric patient. Our 
findings suggest that anatomic MPFL 

reconstruction may be accomplished with 
a tunnel angled distally and anteriorly to 
avoid injury to the distal femoral physis.

What is known about this subject: In 
recent years, anatomic reconstruction 
of the MPFL has become more popular 
for the treatment of patellar instability. 
The femoral footprint of the MPFL lies in 
close proximity to the medial aspect of 
the distal femoral physis. Using Schottle’s 
method, some authors have shown that 
the MPFL femoral attachment is proximal 
to the distal femoral physis. Others 
have shown that the MPFL femoral 
attachment is distal to the distal femoral 
physis. The distal femoral physis has 
a complex undulating anatomy which 
makes applications of Schottle’s method 
challenging in this population. Because 
of the close relationship of the MPFL 
attachment to the physis, some surgeons 
utilize non-anatomic techniques for 
reconstruction in this population.

What this study adds to the existing 
knowledge: This is the first study to 
describe the relationship of the MPFL 
femoral attachment to the distal femoral 
physis in skeletally immature specimens. 
This study provides recommendations 
for proper tunnel placement during 
anatomic MPFL reconstruction. We hope 
that this study provides surgeons with 
information that will help avoid injury to 
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the distal femoral physis during anatomic 
reconstruction of the MPFL.

 Introduction
Instability of the patellofemoral joint 
is not uncommon. It is estimated that 
the incidence of patellar dislocation is 
7 per 100,000 per year.15 The highest 
incidence of patellar instability occurs 
in the second decade of life15. In the 
study by Fithian et al, 69% of the patellar 
dislocations occurring in the study 
population occurred in individuals aged 
10 – 19 years of age15. It is estimated 
that the risk of patellar dislocation is 31 
per 100,000 in individuals 10 – 19 years 
of age15. The rate of recurrent dislocation 
following patellar dislocation ranges from 
15 to 44 percent7-9, 16, 17, 20, 22-24, 33. Due to 
either recurrent dislocation or persistent 
symptoms of pain or subluxation, 
Hawkins et al determined that about 50 
percent of patients will fail conservative 
management17.

Multiple factors have been implicated in 
recurrent patellar dislocation7, 17. Female 
sex, family history of patellar instability, 
and a personal history of prior dislocation 
or subluxation have been associated with 
a higher risk of subsequent dislocation 
episodes7, 20. Certain anatomic factors 
have also been implicated in recurrent 
patellar instability1, 7, 11, 18, 19, 29, 35. In greater 
degrees of knee flexion the patella is 
engaged in the trochlea and this bony 
articulation along with the dynamic 
compression provided by the quadriceps 
mechanism provides the major resistance 
against lateral translation of the patella6, 14. 
In lesser degrees of knee flexion before 
the patella engages the femoral trochlea, 
the medial patellofemoral ligament 
(MPFL) is the major restraint against 
lateral translation of the patella10, 12. Desio 
et al has shown that the MPFL provides 
60 percent of the resistance to lateral 
translation of the patella at 20 degrees of 
knee flexion12. As such the MPFL is often 
injured during lateral dislocation of the 
patella4, 30.

Significant injury to the MPFL has been 
implicated as a risk factor for recurrent 
patellar dislocation28. For patients 
who fail conservative management 
operative intervention may be 
necessary to prevent further patellar 
dislocation. Traditionally patellofemoral 
instability has been addressed with 
nonanatomic soft tissue procedures 
and bony realignment procedures. 
Recently, anatomic soft tissue repair or 
reconstruction of the MPFL has been 
popularized for the treatment of recurrent 
patellar dislocation. However, anatomic 
reconstruction of the MPFL can be 
difficult in the pediatric population. The 
MPFL femoral attachment lies in close 
proximity to the distal femoral physis.25-27, 

32 In order to help facilitate anatomic 
femoral tunnel placement, Schottle et 
al described a radiographic method to 
identify the MPFL femoral attachment on 
lateral radiographs.31 Despite the fact that 
this study was performed in skeletally 
mature cadaveric specimens many 
authors have attempted to extrapolate 
these findings to the skeletally immature 
patient.25-27, 32 The distal femoral physis 
has a very complex undulating anatomy.21 
Unfortunately, the complex three 
dimensional nature of the distal femoral 
physis can be difficult to visualize on two 
dimensional plain radiographs, making 
Schottle’s method difficult to utilize in 
this population. As an example, Shea 
et al incorrectly determined the MPFL 
attachment to be proximal to the physis 
using Schottle’s point.32 To date, no study 
has ever evaluated the relationship of the 
MPFL femoral attachment to the distal 
femoral physis in skeletally immature 
anatomic specimens. The purpose of 
the present study is to describe the 
true relationship of the MPFL femoral 
attachment to the distal femoral physis. 
We hypothesize that the MFPL femoral 
attachment lies distal to the medial 
border of the distal femoral physis.

Methods
We utilized 16 skeletally immature 
osseous specimens from the Hamann-
Todd Osteological Collection at 
the Cleveland Museum of Natural 
History. With over 3000 complete 
human skeletons, the Hamann-Todd 
Collection is the largest collection of 
osteological specimens with complete 
demographic information in the western 
hemisphere. We performed a search 
of the complete anatomic database to 
identify appropriately aged anatomic 
specimens for inclusion in this study. Our 
search included all skeletal specimens 
from 10 to 16 years of age. Specimens 
were classified as skeletally immature 
if the epiphysis was separate from the 
remaining shaft indicating that the 
cartilaginous growth plate was present 
at the time of death. Specimens were 
excluded if they met age criteria, but the 
growth plates were closed at the time 
of death (i.e. not separated from the 
diaphysis).

Following identification of appropriate 
skeletal specimens, the MPFL femoral 
attachment was identified and noted. 
Two reviewers jointly agreed upon the 
measurement points for each specimens. 
The osseous footprint of the MPFL is 
present as a narrow sulcus that lies 
between the adductor tubercle and 
the medial epicondyle as described 
by Baldwin (Figure 1)2. Digital calipers 
(Mitutoyo, Tokyo Japan; ± 0.2 mm 
instrumental error) were then utilized to 
make multiple measurements. First, we 
measured the vertical distance between 
the medial border of the growth plate and 
the MFPL femoral attachment (Figure 2). 
Next we measured the distance between 
the outer cortex of the femur at the 
MPFL attachment to the point where it 
intersected the undulating femoral physis 
(Figure 3). Finally, we measured the angle 
between the MPFL femoral attachment 
and the most posterior aspect of the 
convex portion of the anteromedial 
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femoral 
physis 
(Figure 
4). 
Repeat 

measurements were performed and the 
R2 statististic was utilized to determine 
intraobserver reliability.

Results
A comprehensive summary of each 
specimen’s demographic information 
and study measurements are included 
in the Appendix. The average age of the 
skeletal specimens utilized in this study 
was 12 years (range 10 – 15). All skeletal 
specimens included in the study were 
skeletally immature at time of death. 
The MPFL femoral attachment was 
located distal to the medial border of 
the distal femoral physis in all skeletal 
specimens. The adductor tubercle and 

the medial epicondyle were also situated 
distal to the physis in all specimens. 
The adductor tubercle is located at 
the supero-medial aspect of the distal 
femoral epiphysis. This landmark was 
juxtaposed to the distal femoral physis. 
The medial epicondyle is located anterior 
and distal to the adductor tubercle. In 
all skeletal specimens, the MPFL ridge 
was easily identified. This ridge was 
located in between the medial epicondyle 
and the adductor tubercle. The center 
of the MPFL footprint was located an 
average of 8.5 mm distal to the medial 
aspect of the distal femoral physis (range 
6.5 – 11.3 mm). The R2 value was 0.84, 
demonstrating good repeatability.

The 

distal femoral physis was identified and 
assessed in all skeletal specimens. The 
physis was undulating in nature. The 
medial aspect of the distal femoral physis 
was seen to be concave posteriorly and 
was convex anteriorly. When viewing 
the physis in the transverse plane, the 
MPFL footprint was seen to be situated 
just medial to the concave portion of the 
distal femoral physis. The convex portion 
of the distal femoral physis was situated 
anterior to the MPFL femoral attachment. 
In the coronal plane, it was determined 
that the undulation of the medial 
physis dips distal to the MPFL femoral 
attachment at a point approximately 10.5 
mm lateral to the MPFL cortical footprint 
(range 7.0 – 12.8 mm). The R2 value was 
0.75, demonstrating good repeatability. 
The posterior aspect of the convex 
portion of the MPFL was an average of 
8.9 degrees anterior to the distal femoral 
physis (range 6.2 – 15.3 degrees). The R2 
value was 0.97, demonstrating excellent 
repeatability.

Discussion
The principal findings of the current 
study demonstrate that the medial 
patellofemoral ligament femoral 
footprint lies distal to the medial border 
of the distal femoral physis. However 
the concave posteromedial femoral 

Figure 1: Medial aspect of the femoral 
epiphysis with adductor tubercle (AT), 
medial epicondyle (ME) and ridge at medial 
patellofemoral ligament (arrowheads).

Figure 2: Measurement of distance 
from distal femoral physis to medial 
patellofemoral footprint.

Figure 3: Measurement of distance 
from surface of medial patellofemoral 
footprint to concave portion of the 
undulating physis.

Figure 4: Measurement of angle 
between medial patellofemoral 
footprint and convex portion of the 
anteromedial femoral physis.

Figure 5: 3D illustration of femoral epiphysis 
with simulated medial patellofemoral ligament 
anatomic femoral tunnel. Note violation of 
medial physis (arrow).

THE RELATIONSHIP OF THE MEDIAL PATELLOFEMORAL LIGAMENT ATTACHMENT
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physis dips distal to the MPFL femoral 
attachment directly lateral to the MPFL 
footprint. Conversely, the anteromedial 
portion of the physis is convex and lies 
proximal to the MPFL femoral footprint. 
To our knowledge, this is the first study 
describing the relationship of the distal 
femoral physis in actual skeletally 
immature anatomic specimens. Non-
radiographic studies are difficult to 
perform in this patient population as 
skeletally immature cadaveric specimens 
are difficult to obtain. As such, the 
Hamann-Todd osteological collection at 
the Cleveland Museum of Natural History 
provides easy access to a large number 
of both skeletally mature and immature 
skeletal specimens. Additionally, with the 
absence of the cartilaginous growth plate 
we were able to not only evaluate the 
relationship of the MPFL to the medial 
border of the growth plate, but we were 

also able to evaluate its relationship to 
the undulating distal femoral physis.

Prior studies investigating the 
relationship of the MPFL to the distal 
femoral physis have largely been 
performed utilizing radiographic 
landmarks based on the technique 
described by Schottle et al31. These 
authors placed a radiopaque marker 
at the MPFL femoral attachment and 
obtained lateral radiographs of the knee. 
Based on the general location of this 
marker these authors provided a method 
to estimate the radiographic location 
of the MPFL femoral attachment. This 
method is utilized to confirm anatomic 
placement of the MPFL femoral tunnel 
during anatomic reconstruction of the 
MPFL. Some authors have attempted to 
extrapolate this method to the pediatric 
population even though this method 
was originally devised in skeletally 

mature individuals25-27, 32. Because of the 
undulating nature of the distal femoral 
physis some confusion exists when using 
Schottle’s method in the patient with 
open physes. As an example, Shea et al 
incorrectly determined that the MPFL 
femoral attachment was above the 
femoral physis in all 20 of the subjects 
utilized in this study32. Utilizing the 
method of Schottle et all, these authors 
actually found that the MPFL attachment 
was 4.6 mm proximal to the distal 
femoral physis32.

Our findings confirm the findings of 
Nelitz et al that the MPFL femoral 
attachment lies distal to the femoral 
physis25. Additionally, our results are 
also comparable to the findings by 
Nelitz et al25. Accurate identification 
of the MPFL footprint has important 
implications in the skeletally immature 
patient. Recently, anatomic MPFL 

Appendix
Table 1

Demographic Data and Measurements

Specimens Side Age Race Sex Height (CM) Weight (lbs) MPFL Footprint to 
Physis (mm)

MPFL Footprint to Physeal 
Undulation (mm)

1 Right 11 Black M 134.6 90 11.04 12.78
2 Left  9.92 12.37
3 Right 11 Black F 137.1 71 7.33 9.21
4 Left 7.85 9.18
5 Right 10 Black F 115.9 48 6.49 7.98
6 Left 6.41 7.01
7 Right 14 Black F 157.4 98 7.84 7.25
8 Left 7.86 8.36
9 Right 10 Black F Unknown 50 9.47 12.65

10 Left 8.49 11.62
11 Right 12 White F 139.5 80 7.8 10.61
12 Left 8.2 11.59
13 Right 13 Black F 126.9 60 7.79 11.61
14 Left 7.9 10.8
15 Right 15 Black F 149.9 85 10.4 12.44
16 Left 10.94 12.72
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reconstruction has been promoted for the 
treatment of symptomatic patellofemoral 
instability due to its importance as the 
main soft tissue restraint to lateral 
displacement of the patella. Certain 
anatomic reconstruction techniques 
require accurate placement of the MPFL 
femoral tunnel and interference screw 
at the femoral attachment of the MPFL. 
Nonanatomic tunnel placement has been 
shown to have negative consequences 
for the patellofemoral joint3, 5, 13, 34. 
Inaccurate proximal placement of the 
MPFL femoral tunnel results in increased 
tension in the graft with increasing knee 
flexion resulting in increased contact 
pressures in the patellofemoral joint3, 

13, 34. Furthermore, Camp et al also 
showed that one of the main factors 
for MPFL reconstruction failure is 
improper placement of the MPFL femoral 
attachment5. In the skeletally immature 
patient with open physes, inaccurate 
femoral tunnel placement may not only 
have adverse consequences for the 
patellofemoral joint but it also puts the 
distal femoral physis at risk for damage 
during femoral tunnel preparation and 
instrumentation. Inadvertent drilling 
and placement of a soft tissue graft and 
hardware across the femoral physis could 
theoretically result in damage to the 
physis and subsequent growth arrest. 
Compared to ACL reconstruction the 
potential damage could be even greater 
as an errant MPFL tunnel could ream 
across in line with the physis as opposed 
to drilling perpendicularly across the 
physis as in ACL reconstruction. Even 
though the MPFL femoral attachment 
lies distal to medial border of the distal 
femoral physis, the attachment lies 
very close to the physis. Since the MPFL 
attachment is on average 8.5 mm distal 
to the physis, typical femoral tunnels 
5 – 7 mm in diameter would still be 
sufficiently distal to avoid damage to the 
physis. The findings of our study have 
shown, however, that drilling a tunnel 
directly lateral could result in damage to 

the concave portion of the distal femoral 
physis if the tunnel is drilled more than 
10 mm in depth (Figure 5). The findings 
of our study suggest that angling the 
tunnel distal and anterior may decrease 
the chances of injury to the distal femoral 
growth plate.

Our study has a few weaknesses. First is 
the relatively small number of specimens. 
Skeletally immature cadaveric specimens 
are extremely difficult to obtain. As such, 
this is the first study of its kind. We also 
used a limited age range of specimens. 
We did not utilize younger specimens as 
we wanted our study to reflect the most 
common age group for the occurrence of 
patellar instability.

In conclusion, the medial patellofemoral 
femoral attachment lies distal to the 
medial border of the distal femoral 
physis. This should be taken into account 
when utilizing Schottle’s method for 
placement of the MPFL femoral tunnel. 
Utilizing Schottle’s point, the femoral 
tunnel should not be drilled posteriorly 
or directly lateral as damage to the distal 
femoral physis may occur. Instead angling 
the femoral tunnel distally and slightly 
anterior can help to avoid damage to the 
distal femoral physis during anatomic 
reconstruction of the MPFL in skeletally 
immature patients with recurrent 
patellofemoral instability. Based on 
our findings, anatomic femoral tunnel 
placement is both possible and safe in 
the patient with open physes.
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ABSTRACT
Background: Percutaneous 
radiofrequency ablation (RFA) for 
treatment of osteoid osteoma has 
been shown to be effective and avoids 
the potential complications of open en 
bloc resection. This study evaluates 
the efficacy of RFA at a single tertiary 
care pediatric hospital and discusses 
important complications that have been 
encountered.

Materials and Methods: IRB approval 
was provided for this retrospective case 
series. The paper and electronic medical 
records of 21 cases of RFA in 21 children 
between 2004-2010 were reviewed for 
demographic data, lesion site, access 
point and technique for ablation, clinical 
outcome, and complications.

Results: Clinical follow up was available 
for 17/21 patients (81%) at an average of 
17.0 months (range 0.5-86.1 months). 
No persistence or recurrence of pre-
procedural pain was noted. Two patients 

(9.5%) had a complication, including 
a subtrochanteric femur fracture at 
nine weeks post-procedure treated 
successfully with open reduction and 
internal fixation.

Conclusion: RFA is a safe and effective 
alternative to en bloc resection of 
the osteoid osteoma nidus. When 
accessing the proximal femur, the risk 
of late post-procedural fracture must be 
considered and discussed with the family. 
An understanding of biomechanical 
principles in the proximal femur may 
provide an effective strategy for limiting 
this risk.

Keywords: Radiofrequency ablation, 
Osteoid osteoma, Complications, Fracture

INTRODUCTION
Osteoid osteoma is a benign lesion of 
the bone found most commonly in the 
long bones of the lower extremity in 
pediatric and adolescent patients2. Classic 
symptoms include pain near the lesion 

often increasing at night that responds 
to non-steroidal anti-inflammatory 
medication. While the lesion is usually 
self-limited, treatment is often sought 
as the associated pain can affect daily 
activities. 

Historically, surgical intervention consisted 
of en-block resection or open curettage 
of the nidus4. More recently, minimally 
invasive percutaneous radiofrequency 
ablation (RFA) techniques have been 
refined in an effort to avoid the morbidity 
of an open, extensile procedure. Efficacy of 
these modern percutaneous techniques 
ranges from 83-92% and is comparable to 
classic open techniques4, 12, 13. 

The true incidence and extent of 
complications from percutaneous drilling 
and ablation has not been adequately 
investigated and reported in peer-
reviewed journals. Isolated instances 
of various self-limited soft tissue 
complications have been reported8, 10, 13-16. 
Fracture, vascular injury, and permanent 
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nerve injury following RFA has not been 
reported in the literature.

The purpose of this study is to report 
the clinical outcomes and complications 
of radiofrequency ablation at a single 
tertiary care pediatric hospital. One 
complication, a subtrochanteric femur 
fracture through the ablation drill site, is 
previously unreported in the literature 
and will be discussed.

MATERIALS AND METHODS
This is a retrospective case series 
conducted at a single tertiary care 
pediatric hospital. The study was 
approved by the hospital Institutional 
Review Board. 

Subjects: A retrospective review of the 
medical records for patients treated at 
our institution for osteoid osteoma using 
radiofrequency ablation by Department 
of Orthopaedic Surgery and Interventional 
Radiology between 2004 and 2010 was 
completed. We identified 21 lesions in 
21 patients. One additional patient was 
excluded due to the final pathology being 
consistent with chronic osteomyelitis. 

Interventions: The ablation procedures 
reported on in this study were all 
performed by a single interventional 
radiologist (J. D.). Patients were placed 
under general anesthesia and a limited 
localizing CT examination was performed 
(Siemens 64 Sensation, Erlangen, 
Germany). CT images with low-dose 
technique were used to guide placement 
of an 11 gauge insulated Osteo-site bone 
biopsy needle (Cook Medical Systems, 
Bloomington, IN), onto to the cortex of the 
bone in line with the nidus of the osteoid 
osteoma. After removal of the trocar, a 
1/8 inch hole was drilled with a hand-
held drill through the nidus of the osteoid 
osteoma using the Osteo-site needle as 
coaxial guide. The RFA needle (11 gauge 
Starburst Access System, Angiodynamics, 
Manchester, GA or 17 gauge Uniblate, 
Angiodynamics, Manchester, GA) was 
inserted through the Osteo-site needle 

with a 1 cm exposed active tip of the 
needle positioned within the nidus. The 
Osteo-site needle was pulled back over 
the RFA needle to insure no contact with 
the active tip. The RF generator was used 
to ablate the lesion at 90 degrees for 
6 minutes. The needles were removed 
and pressure was held on the site for 
10 minutes. Hydrocodone analgesia 
was prescribed for two to three days as 
needed for pain. Patients were instructed 
to avoid vigorous exercise for 3 weeks and 
contact sports for 6 weeks.

Outcome Measures: Baseline information 
included age at presentation, date of 
procedure, location of the lesion, follow-
up time, and other diagnoses. Procedural 
information included the location of the 
cortical drill breach, number of drill holes 
utilized, and both time and temperature 
utilized for ablation. Clinical outcomes 
included the persistence or recurrence 
of symptoms and post-procedure 
complications. Initial radiographs and 
intra-procedural CT scans were reviewed 
to confirm the location of each lesion as 
well as the path of drill access used by the 
treating physician.

RESULTS
Characteristics of the 21 patients are 
summarized in Table 1. The mean age of 
our patient population was 11.4 years 
(range 2.5 – 28.6). There were 16 boys 
and 5 girls. The lesions occurred most 
commonly in the proximal femur (10/21, 
47.6%), followed by tibial shaft (3/21, 
14.3%). The remaining lesions were seen 
in the femoral shaft (2/21, 9.5%), distal 
femur (2/21, 9.5%), distal tibia (2/21, 9.5%), 
distal humerus (1/21, 4.8%), and calcaneus 
(1/21, 4.8%). RFA treatments lasted an 
average of 7.5 minutes at 90.7oC (range 
4-16min at 85-100oC). Of note, one RFA 
patient had been previously treated with 
open biopsy of osteoid osteoma at the 
same location.

Clinical follow up was available in 17 of 21 
patients (81%) with an average follow up 

of 17.0 months (range 0.5 – 86.1 months). 
Of the patients available for follow up, one 
patient reported mild post-procedural 
discomfort for several days that resolved 
without further intervention. All patients 
with follow up reported a complete 
resolution of pain symptoms following 
their primary procedure and no patients 
experienced a recurrence.

Two complications occurred in our patient 
population (2/21, 9.5%). A 12-year-old 
male with an intramedullary osteoid 
osteoma in the proximal femoral 
diaphysis was treated with RFA through 
2 lateral cortical breaches 1.5cm apart 
in the proximal femur. Both sites were 
independently ablated for 5 minutes 
at 97 degrees. The decision to treat 
through two cortical breaches was made 
secondary to the elongated shape of 
the endosteal lesion. Histologic review 
of tissue obtained during the procedure 
confirmed the diagnosis and tissue 
cultures were negative for infection. 
Nine weeks after his treatment, the 
patient suffered a fall while wrestling 
with a classmate with a resulting 
subtrochanteric fracture through the 
inferior drill hole (Figure 1A-C). He was 
taken to the operating room for open 
reduction and compression plating of 
the proximal femur. This treatment was 
successful, although the 4.5 months 
to complete healing was longer than 
expected (Figure 2A, 2B). 

The second complication occurred in a 
patient with recurrent osteoid osteoma 
of the distal femur who had previously 
undergone an open biopsy of the lesion 
17 months prior to RFA. This patient 
received 6 minutes of RFA treatment 
at 90 degrees with resulting burn of 
the vastus lateralis muscle (confirmed 
by MRI) and a 10mm diameter second-
degree burn to the skin adjacent to the 
puncture site. Plastic surgery treated the 
wound with wet-to-dry dressings and 
Appligraf (Novartis, Basel, Switzerland). 
The wound went on to heal uneventfully. 
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DISCUSSION
Osteoid osteoma is a benign condition 
and usually self-limiting. Unfortunately, 
the time until clinical resolution is 
unpredictable and may require years. The 
prolonged time to recovery, level of pain, 
and parental apprehension to long-term 
non-steroidal therapy have resulted in 
the development of surgical treatments. 

While efficacious, these invasive methods 
of treatment require longer hospital 
stays and rehabilitation time, and carry 
the risks inherent to any large surgery, 
including fracture as a result of the 
removal of bone surrounding the nidus. 

The results of older studies can be 
challenging to interpret and generalize. 

In their 1998 review of 15 available case 
series, Parlier-Cuau et al found an overall 
efficacy of 92% (180/195 lesions) for 
minimally invasive techniques, though 
the actual method of pathologic tissue 
eradication varied within the cohort of 
patients11. For their comparative study 
of surgery and percutaneous treatment 
of osteoid osteoma, Campanacci et al 

Pt Age (yrs) Bone Lesion Location Cortical Breach Time (min) Temp (oC)
1 10.6 R prox femur Posteromedial 

neck
Anterolateral 7.2 n/a

2 10.8 R prox femur Posteromedial 
neck

Anterolateral 5.0 90

3 7.7 R prox femur Posteromedial di-
aphysis, subtroch

Lateral 5.0 90

4 11.4 R prox femur Medial diaphysis, 
subtroch

n/a 8.0 90

5 11.9 R prox femur Lesser trochanter Anterolateral 6.0 x 2 n/a
6* 12.5 R prox femur Proximal diaphy-

sis, medullary
1: Lateral 
2: Lateral

1: 5.0 
2: 5.0

1: 97 
2: 97

7 2.5 L prox femur Posteromedial 
diaphysis

Lateral 6.0 100

8 5.7 L prox femur Anteromedial di-
aphysis, subtroch

n/a 6.0 90

9 12.2 L prox femur Greater trochanter 
apophysis

Lateral 6.0 90

10 7.3 L prox femur Anterior neck 1: Anterior 
2: Anterior

1: 7.0 
2: 6.0

1: 90# 
2: 90

11 14.9 R mid-femur Anteromedial 
diaphysis

Lateral 6.0 90

12** 7.0 L mid-femur Lateral diaphysis Lateral 4.0 90
13 8.2 L dist femur Lateral metaphy-

sis
Lateral 8.2 90

14 9.9 L dist femur Medial metaphysis Anterior 5.0 x2 n/a
15 6.4 R mid-tibia Posterior diaphysis Anteromedial 6.0 90
16 12.5 L mid-tibia Medial diaphysis Medial 5.0 90
17 13.4 L mid-tibia Diaphyseal, med-

ullary
Anteromedial 5.0 90

18 16.6 R dist tibia Posterolateral 
diaphysis

Anteromedial 5.0 90

19 15.8 L dist tibia Posterior diaphysis Anterior 6.0 90
20 28.6 L calcaneus Subchondral, pos-

terior facet
1: Lateral 
2: Lateral

1: 10.0 
2: 6.0

1: 90 
2: 90

21 13.0 R dist humerus Posterior diaphysis Posterior 6.0 85

TABLE 1: Patient and Procedure Data  * Complicated by late fracture at 9 weeks
 ** Complicated by skin/muscle burn
 # Last minute at 100 C

RADIOFREqUENCY ABLATION IN THE TREATMENT OF OSTEOID OSTEOMA
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FIG 1A. Pre-ablation AP pelvis radiograph demonstrating 
intramedullary subtrochanteric osteoid osteoma lesion (arrows). 
Diagnosis was confirmed by pathologic specimen

FIG 1B. Subtrochanteric fracture at 9 
weeks post-ablation. Superior and inferior 
drill holes are still visible with fracture 
through the inferior defect (arrows)

FIG 1C.  Intraoperative photograph demonstrating the appearance of two lateral drill holes 9 
weeks after RFA procedure (arrows).  The fracture is seen traversing the inferior hole (right).

pooled the data from of 23 studies to 
create a minimally-invasive treatment 
cohort. They found a primary efficacy of 
83% (204/247), which increased to 92% 
when allowing for a second percutaneous 
procedure in 22 initially failed treatment 
attempts10. Similar to the study by 
Parlier-Cuau, the results of this study 
are hard to generalize because of the 

variations in minimally invasive technique 
among studies included in the cohort. 

With the development of better imaging 
modalities, precise lesion localization 
and image-guided minimally invasive 
percutaneous ablation through a 
drill-hole made in the bone cortex has 
become increasingly popular1-7. In most 

cases performed at our institution, the 
ablation probe is heated to approximately 
90 degrees centigrade for a period of 6 
minutes in order to destroy the pathologic 
tissue. This ablation technique has 
been shown in one comparative study 
to be equivalent to surgery in terms of 
treatment efficacy of non-spinal osteoid 
osteomas9, and a large retrospective case 
series by the same authors found a 91% 
efficacy following primary procedures 
at two years follow up, though a large 
percentage of patients were lost to follow 
up8. The experience with RFA at our 
institution is comparable to these findings 
in the literature, as we noted eradication of 
pre-procedural pain in all patients without 
the need for secondary procedures.

The current evidence in support of 
percutaneous procedures for treatment 
of osteoid osteoma is mostly level 
four case series studies. Nonetheless, 
CT-guided radiofrequency ablation has 
gained support among clinicians due 
to several perceived advantages over 
surgery: lower cost, lower complication 
rates, short or no hospital stays, and a 
less-traumatic access for deep anatomic 
locations such as the proximal femur 
and pelvis9, 10. As most of the studies 
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in the literature are case series with 
small numbers of patients, the true 
incidence and extent of complications 
from percutaneous drilling and ablation 
has not been investigated and reported 
in peer reviewed journals. Some of the 
complications that have been reported 
include transient sympathetic dystrophy8, 
superficial skin burns6, 11, 12, cellulitis8, 
osteo-cutaneous fistula requiring surgical 
debridement4, a self-limiting palsy of 
the extensor hallucis longus muscle13, 
and self-limiting numbness of the thigh 
surrounding a ablation tract14. An older 
study on CT-guiding drilling without RFA 
reported a femoral shaft fracture at 4 
weeks, though this procedure involved 
drilling the nidus with a 7mm drill bit15. 
However a review of only papers that 
utilized RFA techniques did not yield 
a documented case of vascular injury, 
permanent nerve injury, or fracture in the 
English literature. 

An understanding of fracture risk 
associated with this procedure requires 
an understanding of the material 
properties of bone. When bone is loaded, 
it resists compressive forces better than 
tensile (distraction) forces. The proximal 
third of the femur experiences substantial 

forces from normal physiologic loading 
and has both compressive and tensile 
forces acting on it. The head, inferior neck, 
and medial cortex in the proximal shaft all 
experience primarily compressive loads, 
while the superior neck and lateral cortex 
experience primarily tensile loads16, 17.

Surgical drill holes ideally should be 
placed through a compression region 
of bone, because this would leave the 
bone less vulnerable to post-procedural 
failure. Unfortunately, osteoid osteoma 
lesions are commonly located in the 
proximal femur and an approach through 
compressively-loaded bone on the 
medial side with a drill is not typically 
performed due to the risks to overlying 
neurovascular structures and soft-tissue 
anatomy. Therefore, these lesions are 
approached from the lateral side. When 
drilling through the lateral cortex of the 
proximal femur, the hole in the bone 
is created on the tension side, leaving 
it weakened and more susceptible to 
fracture. This is especially true in the 
subtrochanteric region of the femur. In 
addition, radiofrequency ablation not 
only heats and causes necrosis of cellular 
material of the osteoid osteoma but also 
of the surrounding bone for a diameter 

of approximately 1 cm surrounding the 
needle. Hence, the bone of this high 
stress region becomes more brittle. 

The risk of fracture of the proximal femur 
following the placement of lateral metal 
implants is well known in orthopaedic 
trauma. Subtrochanteric fractures as 
a complication of internal fixation of 
femoral neck fractures with screws 
have been addressed previously in the 
literature. It has been shown that lateral 
screw placement below the level of lesser 
trochanter results in stress risers that 
can lead to bone failure18-21. Kloen et al 
made specific recommendations in this 
regard, including avoidance of screw-
placement below the level of the lesser 
trochanter due to the high amount of 
tensile stress in this area20. Our femoral 
fracture complication occurred through 
a still-patent drill hole 9 weeks after 
treatment. Therefore, it seems reasonable 
to extrapolate recommendations for 
lateral drill hole placement in the proximal 
femur from the trauma literature to RFA 
treatment of osteoid osteoma.

FIG 2.  Successful healing on AP and lateral radiographs at fourteen months following 
open reduction internal fixation.

RADIOFREqUENCY ABLATION IN THE TREATMENT OF OSTEOID OSTEOMA
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There are some limitations to the 
conclusions that can be drawn from this 
study. With regards to clinical outcome, 
the small sample size, retrospective 
nature of our data collection, and lack of 
a surgical comparison cohort prevents us 
from making definitive statements on the 
efficacy of RFA for treatment of osteoid 
osteoma. Finally, the pathologic fracture 
seen in our case series was unlikely to be 
a result of the approach location alone. 
The patient’s older age (13 years with an 
average of 11.4 in this series) and size (68 
kg), and vigorous activity at the time of 
injury were likely to have contributed. The 
stresses placed on the femur during a high 
school tussle were sufficient to fracture 
with the weakened bone at the RFA site 
even 9 weeks post procedure. All patients 
are told to limit physical activity for 6 
weeks – even though they are symptom 
free within a couple of days of the 
procedure. Still, our results demonstrate 
a procedure with a relatively low 
complication rate and excellent success at 
relieving symptoms. The procedure is safe 
and spares the morbidity associated with 
surgical procedures.

CONCLUSION
One major concern of older open en-bloc 
nidus removal techniques is weakening of 
the bone and subsequent fracture risk. In 
theory, a percutaneous method of nidus 
destruction through a small drill hole 
would lower this risk and therefore the 
increase the margin of safety for patients 
undergoing this procedure. We have found 
that RFA is an efficacious modality of 
osteoid osteoma treatment, however the 
risk of fracture is not entirely eliminated 
by this minimally invasive procedure. 
With the knowledge gained from the 
adult trauma literature on the dangers 
of stress risers in the proximal femur, 
one should approach the lateral proximal 
femur with caution when treating osteoid 
osteoma lesions with RFA. Clinicians 
should consider avoiding the lateral tensile 
side via a more anterior approach to the 

bone whenever feasible. Limitations on 
jumping, running, and torsional activities 
in the post-procedural setting are also 
strongly recommended, although we are 
unable to make a definitive statement on 
their proper duration and recognize that 
compliance is difficult in this young, active 
patient population. We believe that our 
experience demonstrates the efficacy of 
RFA in the treatment of osteoid osteoma 
while raising awareness of fracture risk in 
the proximal femur. 
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Abstract
The etiology of lateral epicondylitis 
remains controversial. Recently, attention 
has focused on a possible anatomic 
cause. We have observed anatomic 
variation at the lateral epicondyle 
which may contribute to degenerative 
tendinosis of extensor carpi radialis brevis 
(ECRB) with repeated elbow motion. 
We examined 528 pairs of distal humeri 
from an osteological collection for two 
osseous variations at the lateral, non-
articular portion of the lateral epicondyle. 
The “ridge” variation was described 
as a ridge of bone crossing the lateral 
epicondyle and the “tubercle” variation 
was a discrete, osseous protrusion 
near the capitellar articular margin. 
The ridge variation was observed in 
118 of 1056 distal humeri (11.2%). The 
tubercle variation was observed in 62 
of 1056 distal humeri (5.9%). variants 
were found in 13.9% of Caucasian males, 
3.7% of Caucasian females, 22.6% of 
African-American males, and 22.7% of 
African-American females. Specimens 
with osseous variants were less likely 
to demonstrate evidence of arthritic 
changes (p = 0.21). We have described two 
osseous variations at the distal aspect 
of the lateral epicondyle which may 
contribute to attritional damage of the 
ECRB tendon and development of lateral 

epicondylitis. Further study is warranted 
and may involve evaluation of patients 
presenting with lateral epicondylitis using 
CT of the elbow. 

Level of Evidence: Basic Science Study

Introduction
Lateral epicondylitis is a recognised cause 
of lateral elbow pain, with an incidence 
of 1-2% of the general population per 
year1. Despite its prevalence, the etiology 
of lateral epicondylitis remains unclear. 
Recent attention has been directed 
at possible anatomical contributions 
to a degenerative disease process. 
A recent cadaveric study by Bunata 
et al. suggested that considerable 
contact between the lateral edge of the 
capitellum and the undersurface of the 
extensor carpi radialis brevis (ECRB) 
tendon during elbow motion causes an 
abrasive effect that may contribute to 
the development of lateral epicondylitis2. 
However, this study identified lateral 
projection of the capitellum in a large 
proportion of specimens, despite the 
disease’s relatively rare occurrence.

In order to further investigate anatomic 
causes of lateral epicondylitis, we 
performed an anatomic study of the 
distal humerus using an osteological 
collection. We hypothesized that there 
would be differences in the osseous 

anatomy at the lateral epicondyle that 
might contribute to attritional damage 
to the ECRB tendon with repeated elbow 
motion, especially in the setting of a 
laterally-projecting capitellum. Our goal 
was to describe this variant anatomy and 
determine its prevalence in the study 
population, and to propose a mechanism 
by which this anatomy might cause 
damage over time.

Materials and Methods
For the purposes of our investigation, 
we examined 537 pairs of adult distal 
humeri (1074 specimens) at a collection 
of 2972 complete disarticulated 
human skeletons at the Hamann-Todd 
Osteological Collection, which is housed 
in the Cleveland Museum of Natural 
History (Cleveland, OH). All humeri for 
this study were selected from skeletons 
of persons of age greater than 18 years 
old at the time of death, and specimens 
demonstrating evidence of a prior 
fracture of the humerus were excluded. 
All specimens were evaluated for 
evidence of arthritic changes about the 
articular surfaces of the distal humerus, 
proximal radius, and proximal ulna. 
Arthritic changes noted on specimens 
included osteophyte formation, pitting 
or cyst formation on the joint surface, 
and eburnation of the joint surface. 
Digital photographs were then taken 
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of each specimen using a standardized 
lateral view of the distal humerus, and 
these were evaluated for the presence 
of osseous protrusions just lateral to the 
capitellum. We identified two osseous 
variations present in some individuals 
that made the lateral surface of the 
lateral epicondyle uneven topographically 
just proximal to the lateral, non-
articular portion of the capitellum. The 
ridge variation (Fig. 1) was defined as a 
linear ridge of bone crossing the lateral 
epicondyle, over which the ECRB tendon 
might be expected to drape with elbow 
extension. The tubercle variation (Fig. 
2) was defined as a discrete osseous 
protrusion near the edge of the capitellar 
articular cartilage which might be 
expected to cause attritional damage to 
the underside of the ECRB tendon with 
elbow motion. We made note of the 
bilaterality of these variations, as well as 
their distribution in our population based 
on age, sex, and race. Radiographs were 
not used for this study as we were able to 
directly visualise the bone surface. 

Statistics: Descriptive statistics 
were calculated for the purposes of 
determining the prevalence of either 
variation with respect to age, sex, and 
race. An independent-samples t-test 
was performed in order to determine 
differences in prevalence between groups. 

All of the grading of humeri was 
performed by one author. Fifty pairs of 
humeri (one hundred total humeri) from 
the sample population were randomly 
selected and re-assessed independently 
by the original grader and an additional 
author for the presence or absence of 
either osseous variation. The grading 
of the two authors was compared to 
determine the kappa coefficient for inter-
observer reliability. The kappa coefficient 
for intra-observer reliability was similarly 
determined. The kappa value was 
interpreted as follows: 0–0.20 as slight 
agreement, 0.21–0.40 as fair, 0.41–0.60 as 
moderate, 0.61–0.80 as substantial, and 

0.81–1 as almost perfect agreement.3

To address the anticipated concern that 
the osseous variations may be related to 
arthritic changes in the distal humerus, 
a chi-squared test was performed to 
compare the incidences of arthritic 
changes about the elbow between the 
sample populations with and without the 
osseous variations. Given that specimen 
age could confound the results of the 
chi-squared test above, multiple linear 
regression was also utilized to model 
the relationship of osseous variation and 
arthritic changes about the elbow when 
specimen age was taken into account. 
All statistical tests were performed using 
SPSS (Chicago, IL). Statistical significance 
for all tests was set at p<0.05.

Results 
We evaluated a total of 1056 distal 
humeri in order to determine the 
prevalence of osseous variations at the 
lateral epicondyle in an osteological 
collection. Our study population consisted 
of 421 male specimens of mean age 48.8 
± 15.5 years, and 107 female specimens 
of mean age 44.9 ± 19.4 years. Our cohort 
consisted of 47.1% Caucasian males, 
7.7% Caucasian females, 32.7% African-
American males, and 12.5% African-
American females. We made note of 
the presence and bilaterality of osseous 
variation at the lateral epicondyle and 
summarised this information in Table 
I. The ridge variation was observed in 
118 of 1056 distal humeri (11.2%) and 
was present bilaterally in 37.2% of those 
subjects. The tubercle variation was 
observed in 62 of 1056 distal humeri 
(5.9%) and was present bilaterally in 24.0% 
of those subjects. One hundred twenty 
six cadavers (23.9%) demonstrated one 
or both variants. variants were found 
in 13.9% of Caucasian males, 3.7% of 
Caucasian females, 22.6% of African-
American males and 22.7% of African-
American females. The mean age of 
specimens demonstrating either osseous 
variation was 45.2 ± 16.7 years (range 20-

86), and the mean age of specimens not 
demonstrating the deformity was 48.4 ± 
16.3 years (range 17-93 years; p = 0.012). 

Chi-Squared Test and Multiple Linear 
Regression: The incidence of arthritic 
changes was compared in patients 
with and without osseous variation at 
the lateral epicondyle. The results are 
detailed in Table II. There were 44 of 180 
specimens (24.4%) with osseous variants 
that demonstrated arthritic changes 
about the elbow (distal humerus or 
proximal radius or ulna). There were 270 
of 876 specimens (30.8%) without osseous 
variants that demonstrated arthritic 
changes about the elbow. A chi-squared 
test revealed that this relationship did not 
reach statistical significance (p = 0.21). 
Multiple regression was also performed 
with specimen age and osseous 
variation as independent variables and 
arthritic changes about the elbow as the 
dependent variable. Regression analysis 
revealed age was a weak, but significant 
predictor of the presence of arthritis (R2 
= 0.145, p <0.001). When controlling for 
the age of the specimen, the presence of 
osseous variation at the lateral epicondyle 
had a very weak correlation with arthritic 
changes (R2 = 0.03) that did not reach 
statistical significance (p = 0.42).

Inter- and Intra- observer Reliability: 
Fifty pairs of humeri (one hundred total 
humeri) from the sample population 
were randomly selected and graded 
independently by two authors for the 
presence or absence of either osseous 
variation. One author re-graded the same 
set of humeri at least one month after 
the initial measurements. Kappa values 
for the intraclass correlation coefficient 
were determined to assess inter- and 
intra- observer reliability. A kappa value 
of 0.752 was calculated for inter-observer 
reliability and a kappa value of 0.736 was 
calculated for intra-observer reliability, 
demonstrating substantial agreement in 
both cases.
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Discussion
We have performed an anatomic study of 
the distal humerus using an osteological 
collection, and we have identified a 
previously-undocumented anatomic 
variation at the lateral aspect of the 
lateral epicondyle which could potentially 
contribute to undersurface damage 
of the ECRB tendon with repeated 
elbow motion. The variation was most 
commonly seen in African-American 
specimens of both male and female 
sex, and less frequently in Caucasian 
specimens. When considered in light of 
the previous anatomic study by Bunata 
et al that demonstrated lateral protrusion 
of the capitellum in some specimens as 
a possible abrasive force on the ECRB 
tendon, the presence of this osseous 
variation at the lateral epicondyle 
underlying the ECRB tendon may further 
contribute to attritional tendon damage 
and symptomatic lateral epicondylitis2.

Lateral epicondylitis has remained a 
poorly understood orthopaedic condition 
despite long being recognized as a cause 
of lateral elbow pain. Cyriax initially 
proposed that the condition is caused 
by tears of the origin of ECRB due to 
repetitive loading of the muscle in 

wrist extension4. Further investigation 
confirmed microscopic and macroscopic 
tearing of ECRB in a process resulting 
in attritional tendinosis at a consistent 
location near the tendon origin5-8. 
Although Goldie and others have 
noted extrinsic factors associated with 
development of lateral epicondylitis, such 
as occupation or repetitive movements 
including wrist extension and forearm 
pronation/supination, little evidence 
has been presented regarding intrinsic 
factors associated with this process9-11. 
Fortunately, lateral epicondylitis generally 
resolves with conservative treatment 
and requires operative management in 
fewer than 10% of affected patients11, 12. 
Recalcitrant cases are treated with open 
or arthroscopic debridement and release 
of the ECRB origin with excellent results 
and only a minority of patients with 
significant residual pain13-15. 

Anatomic studies have been performed 
to investigate the relevant anatomy and 
the osseous and tendinous relationships 
about the lateral epicondyle. The ECRB 
origin was identified in anatomic studies 
as just distal to the supracondylar ridge 
and just proximal and slightly medial to 
the lateral aspect of the capitellum. The 

mean dimensions for the footprint of the 
origin are 13 mm in length by 7 mm in 
width in a diamond pattern. The fibers 
of the ECRB tendinous origin are part 
of a confluent, conjoined tendon with 
extensor digitorum communis (EDC), and 
lay in close proximity to extensor carpi 
ulnaris (ECU) and extensor carpi radialis 
longus (ECRL). However, if dissected in 
a distal-to-proximal manner, the fibers 
of the ECRB tendon could be identified 
and traced back to their distinct origin. 
The fibers of ECRB were noted as the 
deepest layer, with the fibers of ECU, EDC, 
and ECRL laying superficially16, 17. Bunata 
et al noted that this configuration may 
contribute to attritional damage to the 
ECRB as the tendon lays directly between 
the lateral epicondyle/capitellum and the 
remainder of the conjoined tendon and 
ECRL2. 

We believe that our observations of 
anatomical variants of the lateral 
humeral epicondyle represent a possible 
intrinsic factor that may contribute to 
the development of lateral epicondylitis. 
Although most specimens studied had 
a flat surface at the lateral epicondyle 
in the area underlying the ECRB tendon 
(Figures 1 and 2), a large proportion 

Figure 1: The ridge variant is demonstrated on the right, with the 
normal lateral epicondyle demonstrated on the left for comparison. 

Figure 2: The tubercle variant is demonstrated on the right, with the 
normal lateral epicondyle demonstrated on the left for comparison.

INCIDENCE OF OSSEOUS VARIATION OF THE LATERAL EPICONDYLE
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demonstrated a consistent pattern of 
changes immediately distal to the ECRB 
origin that might place the tendon at 
risk for damage with repetitive flexion 
and extension of the elbow. We do 
not believe these variations are due to 
arthritic changes in the distal humerus. 
The osseous variations of the lateral 
epicondyle are located proximal to the 
articular margin and not contiguous 
with the joint surface, suggesting 
these changes are not consistent with 
osteophyte formation. Additionally, 
specimens with osseous variation were 
on average younger (p = 0.012) and 
less likely to have arthritic changes (p = 
0.21). Multiple linear regression, utilised 
to account for the differences in mean 
specimen age, further confirmed the weak 
relationship between osseous variation 
and arthritic change (r = -0.05, p = 0.42). 
The reasons underlying the presence of 
the osseous variations identified in this 
study are unclear, but it is possible that 
the ridge variation represents a dual 
origin of the ECRB tendon. The findings 
of our study are especially interesting in 
light of the findings of Bunata et al2. In a 
dynamic study of positional anatomy, the 

authors noted that the ECRB tendon was 
commonly found to bow over the lateral 
edge of the capitellum with extension of 
the elbow. A dye study showed that this 
point of contact with the lateral edge of 
the capitellum was approximately 1 to 
1.5 cm distal to the ECRB origin. ECRL, 
positioned superficial to the ECRB tendon, 
was also found to bow over the ECRB 
tendon and capitellum with extension 
and may provide additional compressive 
forces on ECRB. The authors suggest 
this bowing may create an abrasive force 
on the ECRB tendon that could lead to 
attritional damage. We found that ridge-
like or tubercle-like osseous variations 
are also common at the lateral epicondyle 
just distal to the origin of ECRB, and it is 
possible that a combination of these two 
factors predisposes active individuals to 
degenerative tendinosis of the ECRB. 

Our study identified differences in the 
prevalence of the ridge and tubercle 
variations relative to sex and race. The 
significance of this finding is unclear. 
Epidemiologic studies suggest that 
lateral epicondylitis is most common 
in patients aged 40 to 60 years. Some 

studies suggest no gender predilection, 
while others show it more frequently 
affects women1, 6, 10, 18. However, the 
variations were disproportionately 
more prevalent in Caucasian males in 
comparison to Caucasian females (13.9% 
versus 3.7%). These variants were equally 
prevalent in African-American males and 
females (22.6% and 22.7%, respectively). 
The variants were also observed 
more frequently in African-Americans 
compared to Caucasians. While the 
incidence of tennis elbow with respect to 
sex has been frequently investigated, only 
one study noted a decreased incidence of 
lateral epicondylitis in African-Americans 
compared to Caucasians, and a literature 
search yielded no further evidence in the 
forty years subsequent to that study6.

Limitations of this study relate to its 
use of an osteological collection for 
the investigation of a disease process 
that relates primarily to soft tissue. We 
had no way of knowing whether or not 
these individuals had elbow pain during 
life, nor whether they were particularly 
active in the types of activities thought 
to contribute to symptomatic lateral 

Table II: Presence of Arthritic Changes and Osseous Variation
Arthritic Changes?
Yes No

Osseous 
Variant?

Yes 44 136 n = 180
No 270 606 n = 876
Chi-squared Test p = 0.21 Total n = 1056 humeri

Table I: Presence of Osseous Variants by Type and Ethnicity
Osseous Variants by Type (n=1056 humeri) Presence of Osseous Variants by Age, Ethnicity (n=1056 humeri)

Variant 
Frequency

Frequency of 
Bilaterality

Present (regardless of subtype) Absent

Tubercle 62 (5.9%) 24.0%
Mean Age 45.2±16.7 years (range 20-86) 48.4±16.3 years 

(range 17-93) *p = 
0.012

Ridge 118 (11.2%) 37.2% Ethnicity Caucasian male – 13.9% 
Caucasian female – 3.7% 

African American male – 22.6% 
African American female – 22.7%

Total 126 cadavers with one or both 
variants (23.9%)



70 

epicondylitis. None of our specimens 
had soft tissues available for evaluation, 
which might have revealed the presence 
or absence of ECRB damage in the area 
overlying the osseous ridge and tubercle 
variations. Also, while our sample size 
was very large, the demographics of the 
Hamann-Todd Osteological Collection 
limited the number of female specimens 
that we could examine, making 
conclusions about the prevalence of 
these variations in women difficult to 
interpret. Still, we feel that our study 
provides valuable information that 
could be used by the practicing elbow 
surgeon in the evaluation and treatment 
of individuals presenting with lateral 
elbow pain. Future studies may utilize 
ultrasound or computed tomography 
(CT) in order to identify the presence or 
absence of these variations in patients 
presenting with lateral elbow pain. If 
these osseous abnormalities are able to 
be identified preoperatively, resection 
of the ridge or tubercle at the time of 
ECRB debridement and reattachment 
may increase the chances of successful 
surgery.

In summary, we have performed an 
anatomic study of the distal humerus 
using an osteological collection and 
have identified osseous variations at the 
lateral aspect of the lateral epicondyle 
that might contribute to attritional ECRB 
tendon damage with repeated elbow 
motion. The significance of our observed 
differences with regard to sex and race 
are unclear at this time, and further study 
of these abnormalities in symptomatic 
individuals may provide further 
information to help guide the treatment 
of this disease.
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April 8-9, 2014

Theodore J. Ganley, MD
Director of Sports Medicine at The 
Children’s Hospital of Philadelphia

Grand Rounds: “ACL Injuries in the 
Skeletally Immature Athlete”

RAINBOW VISITING PROFESSOR 2014

Dr. Ganley with the Case Western Division of Pediatric Orthopaedic Surgery

April 16, 2014

Nancy E .Lane, MD
Director of the Center for Musculoskeletal Health, 
University of California Davis Health System

Grand Rounds: “The Treatment of Osteoporosis 
and Rheumatoid Arthritis with a Little Help from 
your Own Stem Cells”

MUSCULOSkELETAL RESEARCH DAY 2014

                            vISITING PROFESSORS

Nancy Lane with Ed Greenfield
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May 27-28, 2014

William J. Richardson, MD
Director of Orthopaedic Spine Surgery at 
Duke University School of Medicine

Grand Rounds: “Sagittal Alignment in 
Spine Surgery”

BOHLMAN VISITING PROFESSOR 2014 

SCOTT INkLEY PROFESSOR 2014

June 10-11, 2014

Richard F. Kyle, MD
Professor of Orthopaedic Surgery at the 
University of Minnesota

Grand Rounds: “Treatment of 
Periprosthetic Fractures About the Hip 
and Knee”

William Richardson with Ernest Marsolais, John Shaffer, Nick Ahn, Chris Furey, Zach Gordon, 
and Randall Marcus

Richard Kyle with the graduating chief residents
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October 14-15, 2014

Joseph A. Buckwalter, MD
Arthur Steindler Chair of Orthopaedic 
Surgery at the University of Iowa

Grand Rounds: “Can We Trust Peer-
Reviewed Publications to Guide Clinical 
Practice?”

GOLDBERG VISITING PROFESSOR 2014

CARTER-MAkLEY-THEROS LECTURE 2014

 Jody Backwater with victor Goldberg and Randall Marcus

ONovember 4-5, 2014

Andrew L. Folpe, MD
Professor in the Department of 
Laboratory Medicine and Pathology 
at the Mayo Clinic

Grand Rounds: “Phosphaturic 
Mesenchymal Tumors – What I 
Have Learned”

Andrew Folpe with Randall Marcus, Patrick Getty, and Robin Elliott

VISITING PROFESSORS
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                                               DR vICTOR GOLDBERG    
OBITUARy

As we went to press with this edition of 
the Case Orthopaedic Journal, we received 
unfortunate news.  It is with great 
sadness that we announce that victor M. 
Goldberg, MD, passed away on Saturday, 
February 7, 2015, while vacationing in 
India.

victor joined the faculty at Case Western 
Reserve University School of Medicine and 
University Hospitals Case Medical Center 
in 1972 and spent his entire professional 
career here.

A highly accomplished surgeon and 
researcher, victor rose through the 
professional ranks rapidly. He was 
promoted to associate professor in 
1979 and to professor in 1983, based 
in large part on his National Institutes 
of Health (NIH)-supported research on 
bone allotransplantation. He served 
as Chairman of the Department of 
Orthopaedic Surgery from 1989 - 2003. 

He was highly regarded for his leadership 
qualities and achieved international 
recognition for his clinical and academic 
accomplishments in total joint 
replacement, joint transplantation, 
tissue regeneration and engineering, and 
osteoarthritis. victor’s research studies 
influenced the design of many modern 
total-hip and knee implants.

victor was awarded the American 
Academy of Orthopaedics Surgeons’ 
highest honor, the AAOS Kappa Delta 
Award for Excellence in Research three 
times, was an eight-time recipient of NIH 
grants, and was on the editorial boards 
of four academic publications. In addition 
to his service as the president of both the 
Orthopedic Research Society and the Knee 
Society, he won countless research and 
service awards. 

victor received his BA degree from 
New york University and his MD from 
Downstate Medical Center. After 
internships and residencies in surgery 
at Western Reserve University and UH, 
he completed additional residency and 
fellowship studies in orthopaedic surgery 
at the Hospital for Special Surgery at 
Cornell University Medical College. He 
completed a post-doctoral fellowship in 
the immunology of transplantation at 
the Clinical Research Centre in Middlesex, 
England.

victor will be missed by everyone who 
knew him. Arrangements are pending. 
Please join us in extending thoughts and 
prayers to his wife, Harriet, as well as their 
children, Rebecca, Jonathan and Eden.
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Congratulations to the five graduating 
chiefs of the class of 2014.  All six will 

be completing a fellowship in the 2014-
2015 academic year. 

             
             CLASS OF 2014 FELLOWSHIP MATCH   

Kelvin Lim, MD
Hand & Upper 
Extremity, 
University of 
California - San 
Francisco

Stephen Reichard, MD
Foot & Ankle, Stanford

Jonathan Streit, MD
Shoulder & Elbow, 
Florida Orthopaedic 
Institute

Eugene Tsai, MD
Hand & Upper 
Extremity, Tufts 
University

Ke Xie, MD
Adult 
Reconstruction, 
Florida Orthopaedic 
Institute

Ashraf Youssef, MD
Hand & Upper 
Extremity, Cleveland 
Clinic
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                                    CLASS OF 2015 FELLOWSHIP MATCH
Jonathan Belding, MD
Spine
University of Utah
Salt Lake City, UT

Chad Fortun, MD
Sports Medicine
Southern California Orthopaedic Institute
van Nuys, CA

Shane Hanzlik, MD
Sports Medicine
Orthopaedic Research of virginia
Richmond, vA

Jonathan Macknin, MD
Hand
University of Connecticut
Glastonbury, CT

Jason Solomon, MD
Sports Medicine
University of California – San Diego
San Diego, CA

Lorraine Stern, MD
Trauma
University of Rochester Medical 
Center
Rochester, Ny

Anna Wallace, MD
Trauma
Georgia Orthopaedic Trauma Institute
Macon, GA
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1. Manuscript submissions are accepted in electronic 
format only. ALL SUBMISSIONS SHOULD BE SENT 
TO caseorthojournal@yahoo.com and have COJ 
submission as the subject heading. Alternatively, 
the submission can be submitted via CD. ALL 
submissions should be in Word format. Photos, 
figures and tables should be submitted in seperate 
jpeg, tiff or PDf files, not embedded in the Word 
document.

2. Title should include author’s name, degree achieved, 
institutional affiliation, and the order of authors in 
which they should appear.

3. Manuscipt
a. Abstract – Limit to 325 words
b. Body – 

i. Introduction - State the problem that 
led to the study, including a concise 
review of only the relevant literature. 
State your hypothesis and the purpose 
of the study.

ii. Methods - Describe the study design 
in detail using standard methodologic 
terms. All study designs should include 
information how the sample was 
identified (inclusions and exclusions). 
The statistical section should be 
described in detail, with particular 
emphasis on the statistical strategy 
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                  INSTRUCTIONS FOR AUTHORS

1. Manuscript submissions are accepted in electronic 
format only. ALL SUBMISSIONS SHOULD BE SENT 
TO caseorthojournal@yahoo.com and have COJ 
submission as the subject heading. Alternatively, 
the submission can be submitted via CD. ALL 
submissions should be in Word format. Photos, 
figures and tables should be submitted in seperate 
jpeg, tiff or PDf files, not embedded in the Word 
document.

2. Title should include author’s name, degree achieved, 
institutional affiliation, and the order of authors in 
which they should appear.

3. Manuscipt
a. Abstract – Limit to 325 words
b. Body – 

i. Introduction - State the problem that 
led to the study, including a concise 
review of only the relevant literature. 
State your hypothesis and the purpose 
of the study.

ii. Methods - Describe the study design 
in detail using standard methodologic 
terms. All study designs should include 
information how the sample was 
identified (inclusions and exclusions). 
The statistical section should be 
described in detail, with particular 
emphasis on the statistical strategy 

used to analyze the data. 
iii. Results – Provide a detailed report on 

the data obtained during the study. 
iv. Conclusion - Be succinct in this section. 

Describe what your study shows. 
Discuss the importance of this article 
with regard to the relevant literature. 
Analyze your data and discuss their 
strengths, their weaknesses, and the 
limitations of the study.

4. References 
a. The references should be numbered according 

to the order of citation in the text (not 
alphabetically) and should be in PubMed/Index 
Medicus format (go to the NCBI web site for 
examples (www.ncbi.nlm.nih.gov/entrez/query.
fcgi).

b. All references must be cited in the text.
5. Figures and Tables should be submitted separate 

from the manuscript text.
6. Submit all Figures in TIFF format.

a. No more than 8 Figures per article.
7. Scientific Manuscripts – Limit total word count to 

4000.
8. Case Reports – Limit total word count to 1500.
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A KNEE THAT  
CAN HELP HER  
GET BACK SOONER

Could your patients achieve a greater range of motion and get back sooner? In a 
clinical study, physical therapists noted that ATTUNE® Knee patients had significantly 
greater range of motion compared to another leading knee replacement, both two 
and six weeks post-surgery. It was also noted that ATTUNE Knee patients required 
significantly less time to meet the necessary criteria to leave the hospital.*

See how the ATTUNE Knee could improve outcomes for your patients by 
contacting your local DePuy Synthes Companies representative or visiting 
www.attuneknee.com or www.depuysynthes.com.

* Data on file from Mark Clatworthy, MD. In hospital study involved 40 
ATTUNE Knee vs 40 SIGMA® Knee patients.

© DePuy Synthes 2015. All rights reserved. DSUS/JRC/0115/0699 01/15

DISCOVER INSPIRED SOLUTIONS TO GET YOUR 
PATIENTS BACK TO MOVING FORWARD.
DePuy Synthes Spine is continuously improving clinical and economic 
value across all spinal pathologies through a procedural solutions 
approach that encompasses technological and process innovation.

We defi ne solutions differently – procedural solutions are not 
confi ned to the surgical suite at the time of surgery – it encompasses, 
a comprehensive product portfolio, world class education, 
evidence generation, and support of research initiatives that 
contribute to greater understanding of spinal care.

www.depuysynthes.com

©DePuy Synthes Spine, a division of DOI 2014. All rights reserved. 

CA20278A 02/14

MovingForward_HalfHoriz_Ad_1.indd   1 3/3/14   1:07 PM

27033 Complex Spine (Solera) Ad for Ortho_1-2 pg_2.indd   1 4/3/12   8:23 AM
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CALL FOR 
ABSTRACTS 

2015
Dear faculty, fellows, residents, and 

students, 

 We are now taking scholarly 
submissions for the 2015 Case 

Orthopaedic Journal. 

The manuscripts should be on research 
that has been completed, should 

answer a scientific question, should be 
of high scientific quality, and should be 

original. 

The submission deadline for the journal 
will be Sept 1, 2015. 

Previously published articles are 
welcome for submission as long as 

there is a copyright release from the 
publisher. All submissions will go 

through a peer review process. 

Submissions should be emailed to 
Michael Reich, MD, and 

Christopher Bechtel, MD at 
caseorthojournal@yahoo.com.

Need name of next editor
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NO COMPROMISE
Personalized implants for a new level of fi t.

©2014 Zimmer, Inc.

Component shapes based on patient anatomy is another way that the Persona® 

Knee System allows for a No Compromise approach to total knee replacement. 
 • Improved balancing options1 with 2mm femoral increments and 1mm   
  articular surface increments
 •  Improved fi t with 21 distinct profi les of standard and narrow components2

 • Persona Natural Tibial® Component designed to facilitate 92% bone    
  coverage with proper rotation

For more information on the Persona Knee System, call your Zimmer Sales 
Representative or visit zimmer.com.

1. Versus lower fi delity systems  2. Versus single M/L implant families

®

Persona Trade Ad_TibialArray_8'5625x11'125.indd   1 10/20/14   11:41 AM
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MAKOplasty® Keeps You On Target.

MAKOplasty is powered by RIO® Robotic Arm Interactive Orthopedic System— so whether you 
are performing minimally invasive Partial Knee Resurfacing (PKR) or Total Hip Arthroplasty (THA), 
you’ll achieve surgical results with Consistently Reproducible Precision.

MAKOplasty PKR, with the enabling RESTORIS® MCK Medial Onlay, has demonstrated  
a very low revision rate of 1.1% at 2 years.1 Cup placement with MAKOplasty THA 
is 4 – 6 times more accurate than with manual instrumentation,2 reducing potential for 
impingement, wear, and dislocation.

Surgery can be unpredictable, but with MAKOplasty you’ll be right on the mark time after time 
after time.

Contact Your Stryker Orthopaedics Sales Representative to Learn More. 

© MAKO Surgical Corp.  208191 r00   12/12

MAKOplasty® Partial Knee    |    MAKOplasty® Total Hip    |    RESTORIS® Implants

H i t  t H e  M a r k

RIO Robotic 
Arm Interactive 

Orthopedic System

1.  Coon T, Roche M, Pearle A, Dounchis J, Borus T, Buechel Jr F. Two year survivorship of robotically 
guided unicompartmental knee arthroplasty. ISTA 26th Annual Congress, October 16-19, 2013, 
Palm Beach, FL. 

2.  Nawabi DH, Conditt MA, Ranawat AS, Dunbar NJ, Jones J, Banks SA, Padgett DE. Haptically 
guided robotic technology in total hip arthroplasty – A cadaveric investigation. J Eng Med. 
2013:227(3).


