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Got Concussion?

Temple Can Help!

The Temple University
Concussion
and Athletic
Neurotrauma Program

Cerebral concussion, traumatic brain injury, transient spinal
cord paralysis and brachial plexus injuries are potentially
serious insults to the nervous system that are associated

with contact athletic injuries. In accord with the principle that
the management and return-to-play decisions should only be
made by a qualified professional, Temple University has estab-
lished its Concussion and Athletic Neurotrauma Program.

Temple’s experienced, multidisciplinary faculty is well-suited
to evaluate and manage athletic-induced neurotrauma, utiliz-
ing the latest imaging capabilities, neurocognitive ImMPACT™
testing and clinically established return-to-play protocols.

Utilizing the facilities of Temple University Hospital, Temple
Orthopaedics & Sports Medicine satellite offices, Temple
Medical School faculty and in concert with the Shriners Hos-
pitals for Children in Philadelphia, this program is designed to
provide the necessary experience to meet the needs of team
and family physicians, athletic trainers, athletic administrators,
coaches, parents and, most importantly — the athletes.

Research Goals Proper tackling techl-lique protects both head and cervical spine.

Current understanding of cerebral concussion and athletic-induced traumatic brain injury is limited to a variety of
descriptive classifications and epidemiologic patterns. Lacking is an application of the known underlying pathophysi-
ology to clinical management practice with particular regard to injury prevention. Clearly, much is not known and
there are many questions to be answered regarding athletically-induced neurotrauma. The goal of this program is to
bring this issue to the same meaningful conclusion that Temple physicians achieved with paralytic spinal cord injuries
35 years ago.
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Clinical Program

Athletes sustaining impact injuries and experiencing any of the following signs
or symptoms should be evaluated and, if indicated, managed by a physician
experienced with athletic injuries to the head, spine and brachial plexus:

Central Nervous System Spinal Cord

m | oss of consciousness B Four extremity paresthesias (numbness)
m Confusion m Four extremity weakness

m Dazed appearance m Four extremity transient paralysis

m Forgetfulness

m Unsteady movements Brachial Plexus

m Slow cognition m “Stinger” lasting more than 20 minutes
®m Personality changes m “Stinger” with persistent weakness

m Retrograde/antegrade amnesia m Recurrent “stingers”

®m Headache

m Dizziness

® Nausea or vomiting

m Altered sense of well-being

The neurotrauma team consists of orthopaedic sports medicine specialists,
neurologists, neurosurgeons, neurophysiologists, physiatrists and biostatisticians.

ATHLETES REQUIRING EVALUATION AND/OR
MANAGEMENT CAN BE SEEN AT
FOUR OF TEMPLE’S CLINICAL SITES:

Cory J. Keller, DO

Temple University Michelle A. Noreski, DO
Hospital Temple Orthopaedics & Sports Medicine Satellite Offices

3509 N. Broad Street 515 Pennsylvania Avenue 11000 Roosevelt Blvd. 450 Corporate Ctr.
5th Floor Boyer Pavilion  Fort Washington, PA 19034 Philadelphia, PA 19116  Oaks, PA 19456
Philadelphia, PA 19140 215-641-0700 215-698-5400 610-650-5155

215-707-2111

E-mail us at: concussion @tuhs.temple.edu
Website: www.templeconcussion.com
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Letter from the Chairman

“To improve is to change; to be perfect is to change often.” — Winston Churchill

2016—17 marks a year of great change. As we swear in new leadership in
Washington, it seems that changes in healthcare could be profound and rapid. How
exactly these changes will be operationalized and what it will mean for our patients
has not yet been defined.

At Temple Orthopaedics and Sports Medicine (TOSM) we watch closely as
these changes will undoubtedly impact the lives of our patients and how we deliver
healthcare. 2017 marks the 125th anniversary of the establishment of Temple Uni-
versity Hospital. On January 18, 1892, a three-story home at 3403 North Broad
Street was purchased and re-named Samaritan Hospital. Dr. Russell Conwell was
named president of the 20-bed hospital, which was designed to provide free care
for those unable to afford payment, regardless of race, nationality or creed. Over
the past 125 years, TUH has grown into a 722-bed teaching hospital that supports 17 residency and 17
fellowship programs.

Our department has grown along a similar timeframe to meet the needs of our community. TOSM
provides orthopaedic care for an increasingly diverse spectrum of Philadelphians from all walks of life and
socioeconomic status. We continue to move forward with our mission and objectives of providing the
highest-quality care for all of our patients and educating the next generation of orthopaedic surgeons.

To meet these objectives, we continue to grow and diversify our department. In the fall of 2016, we
completed the largest single one-year recruitment in the history of our program. Five highly-talented phy-
sicians joined our team: Dr. Hesham Abdelfattah (hand and upper extremity), Dr. Eric Gokcen (foot and
ankle surgery), Dr. Min Lu (joint reconstruction), Dr. Zeeshan Sardar (spine surgery) and Dr. Ryan
Schreiter (primary care sports medicine). Coupled with steady expansion the year prior, the Department
of Orthopaedic Surgery and Sports Medicine has now grown to 20 providers (14 surgeons, four non-
surgical providers, and two physician assistants) representing all specialties. With size comes opportunity
and flexibility. We are a more nimble department capable of developing partnerships outside of Temple
University Hospital to expand the reach of our clinical programs and provide patient experiences similar
to and ideally superior to our peers in the city. We have secured our position as the sole orthopaedic pro-
viders at Chestnut Hill Hospital providing an environment for positive patient experiences in both outpa-
tient and inpatient elective surgery. The Temple Sports Medicine presence at the Navy Yard is steadily
growing. At the same time, we are seeing more and more patients every day at our stronghold locations
— Temple Hospital, Northeast Philadelphia and Fort Washington. At each of these locations, we now have
complete teams so that patients cannot only be seen closer to home, they can see the right and best special-
ist for their condition close to home. The growth is not just geographic. Expanded service lines have
developed through the dedication of our physicians and teams in key areas such as shoulder arthroplasty,
hip and knee arthroplasty options for young active patients, and comprehensive (surgical and non-
surgical) sports medicine.

As our clinical enterprise expands, so do the opportunities for our learners. 2016—17 was a time tran-
sition and I must give the credit and thanks to our physician educators and residents alike for their willing-
ness to adapt to constant change. It took creativity to ensure that all of our residents had comparable
educational experiences as the physician teams changed so rapidly. I believe we are now headed into a
“steady state” and our residents will have the opportunity to flourish in any field they should choose to
pursue for fellowship training.
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Our faculty and residents have had a year of great accomplishment. All should be commended for
their efforts but I would like to highlight a few in particular. First, F. Todd Wetzel, MD (Professor and Vice
Chair, Department of Orthopaedic Surgery) is currently serving as the president of the North American
Spine Society. NASS is a global multidisciplinary medical society of 9,000+ members that utilizes educa-
tion, research and advocacy to foster the highest quality, ethical, value- and evidence-based spine care.
Joseph Thoder, MD (Professor and Chief of Hand Surgery) will be honored in May 2017 for his long-term
dedication to education with a portrait ceremony and the first inaugural Joseph Thoder hand lecture. It is
only fitting that the first lecturer in this yearly series will be recent alumnus, John Fowler, MD (Assistant
Professor, University of Pittsburgh). This event and portrait ceremony were commissioned through the
efforts of the Temple Orthopaedic Alumni Foundation. Saqib Rehman, MD was also named medical direc-
tor of the recently established physician assistant program at TUSOM.

Happenings at TOSM have attracted regional and national attention. We capitalized on this attention
by inviting several renowned speakers in the 2016—17. Most notably was a visit from the internationally-
respected Freddie H. Fu who shared his decades of experience and thoughts on “Individualized ACL
Surgery.” Bradford Parsons (Associate Professor, Shoulder and Elbow Surgery) visited from Mount Sinai
to discuss “Operative Options for Proximal Humerus Fractures.” The academic year will wrap up with a
visit from Robin V. West, MD, Director of Sports Medicine at Inova Health. Dr. West is the only female
head team physician for either a MLB or NFL team, holding the position for both the Washington Nation-
als and Redskins.

As always, this journal could not be made possible without the efforts of many. Arianna Trionfo
(PGY)5) has outdone herself in term two as editor of the Journal. Drs. Joe Torg and Saqib Rehman con-
tinue to be the driving force behind this work. We must also acknowledge the tireless efforts of Joanne
Donnelly and the Office of Clinical Research.

It is with great pride that we present the academic accomplishments of our department faculty, resi-
dents and students. Our residents are active academically. At the AAOS 2017 Annual meeting, we shared
two scientific exhibits, three podium presentations and two original posters. The 12th edition of the Temple
University Journal of Orthopaedic Surgery & Sports Medicine highlights these and other works from our
department. I hope that you enjoy reading through this journal with the same sense of pride and accom-
plishment for Temple Orthopaedics and Sports Medicine.

) -

Eric J. Kropf, MD
Associate Professor and Chair
Temple Orthopaedics and Sports Medicine
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Letter from the Editor-in-Chief

I am proud to present the Temple University Journal of Orthopaedic Surgery
& Sports Medicine, Volume 12! In keeping with the Temple tradition, this year’s
Journal represents the tireless efforts and burgeoning achievements of our medical
students, residents, faculty, and alumni.

The Department has seen numerous changes over the past year, many of
which are chronicled in this edition of the Journal. We continue to include articles
published by our medical students, residents and faculty that encompass a broad
spectrum of orthopaedic-related topics. Our Distinguished Alumni section high-
lights some of the early work of Dr. F. Todd Wetzel, President of the North Ameri-
can Spine Society, which helped change the face of orthopaedic spine surgery. Our
Special Events section gives our readers a basic overview of the major events that
have taken place this year. One new addition: we have incorporated Division Reports to highlight some of
the significant changes and accomplishments of our department’s subspecialties.

“If I have seen further, it is by standing on the shoulders of giants.” While change is inevitable,
one thing remains constant: The Temple tradition of clinical and academic excellence that was instilled by
our predecessors. In particular, this volume of the Journal is dedicated to one of those people — Dr.
Michael Clancy, whose leadership and unwavering dedication to the field of Orthopaedics has left an
indelible impression. Though I never met Dr. Clancy, the overwhelming volume of praise and stories that
his friends and colleagues continue to share make me feel like I knew him, too. His life and work bene-
fitted not only his patients but everyone he touched. This volume of the Journal proudly honors this
great man.

I would like to thank my associate editors, Will Smith, Justin Kistler, and Dayna Phillips, our faculty
advisors, Joe Torg and Saqib Rehman, and our research coordinator, Joanne Donnelly — your support and
guidance have been invaluable.

MO

Arianna Trionfo, MD
Editor-in-Chief
Class of 2017
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Letter from the Residency Director

This past year has been a busy one for the Orthopaedic residency at Temple.
We have continued our growth in the faculty, which has provided a good increase
in the variety and quality of the educational experience for the residents. On the
clinical side, as it has been over the last several years, the residents cover Hand,
Joint Reconstruction, Sports Medicine, Spine, Foot and Ankle, and Trauma at
Temple University Hospital. They also treat children at St. Christopher’s Hospital
for Children and Shriners Hospital for Children. Jeanes Hospital and Abington
Memorial Hospital remain popular community hospital experiences. The residents’
case volume remains high at each of these institutions. Educational activities
remain anchored by the daily morning conference and reading schedule as well as
regular subspecialty conferences.

Orthopaedic Surgery continues to be a popular and very competitive residency choice among gradu-
ating medical students. Last year, we had over 850 applicants for the four residency slots at Temple, with
the average USMLE score well above 240. We invited 120 candidates from across the country to interview
in January. We continue to have the good fortune to match strong, well-rounded, diverse residency classes
from this impressive pool. When they finish, Temple residents have consistently gone to some of the most
competitive fellowships in the country. Our 2017 graduates will go on to do fellowships in Pediatric
Orthopaedics at Children’s Hospital of Philadelphia and Texas Scottish Rite Hospital, Hand Surgery at
NYU, and Foot and Ankle Surgery at Duke, all continuing our proud tradition of producing clinically
excellent and technically-skilled surgeons.

Dustin Greenhill will be leaving North Broad Street for Dallas, where he will continue his streak of
obstacle course races, trying to convince his colleagues at the Texas Scottish Rite Hospital to join him in
crushing the Tough Mudder, Spartan Race, Battlefrog, etc. They will quickly see that he enjoys using the
races to relive his Army days and show off his gymnastic skills as he does a pommel horse routine on the
top of each obstacle.

Jim Lachman heads to Tobacco Road, where he will be angling to get out on the Duke golf course
between cases while turning up his nose at the craft beers of the Research Triangle. He will happily accept
charitable contributions of Duke-UNC tickets, for either basketball or football.

Anastassia Newbury is heading up the New Jersey Turnpike to New York to set up shop at NYU. This
move represents the completion of her transition from being a midwestern Nebraska girl, through Phila-
delphia, to the bright lights and big city life in Manhattan. We all look forward to pictures of Charlie going
for walks through Central Park.

Finally, Arianna Trionfo decided that she wasn’t going anywhere. She has been completely enamored
with Philadelphia since coming off the farm in South Jersey. She will be spending next year at CHOP
contemplating the pediatric hip. Apparently, she has offered to continue as editor of this journal since she
has put in such strong work doing so over the last few years.

On a personal note, this class represents my own tenure at Temple, as Dustin and Jim were first-year
Temple medical students when I returned from my time in the Navy. While each class has its own unique
character that I miss once they graduate, this class holds a special place for me. I wish them all well, and
assure the readers of this journal that the state of the Temple University Orthopaedic Surgery Residency is
indeed very strong.

7MM

J. Milo Sewards, MD




Message from the John Lachman Society

The John Lachman Society was founded in 2001 to honor Dr. Lachman and propagate his principles
of integrity, teaching, and excellent patient care. The Society also provides discretionary funds for the
Chairman to promote and support the academic mission of the Department including student and resident
research. The mechanism to accomplish these goals is through the Society’s support of the John Lachman
Orthopaedic Research Fund (JLORF), incorporated in Pennsylvania as a non-profit corporation. The Inter-
nal Revenue Service has determined that the John Lachman Orthopaedic Research Fund is exempt from
federal income tax under 501 (C) (3) of the Internal Revenue Code and that contributions to the fund are
tax deductible.

It appears appropriate to identify those other potential exogenous sources of support for Temple
medical student and Temple hospital orthopaedic resident educational support. These can be divided into
two groups: 1) dormant and active academic funds and 2) those supporting primarily non-academic activi-
ties. The first group, best described as “dormant,” consists of the orthopaedic-endowed chairs in the
L.I.LE.T. program, which are not funded and exist in name only, i.e., the Steel chair and the Lachman chair.
This program was initiated by the Temple-Shriners’ alumni group and is predicated on life insurance poli-
cies of the contributing members but is controlled by Temple University. It is my understanding that a
“new” insurance company that services the policies has submitted bills to keep them active and that the
University is considering “cashing” them in.

Funds in the “active” group are: the Medical Orthopaedic Attending Research and Education Fund,
the Orthopaedic Residents’ Education Fund and the Abraham M. Rechtman Endowed Orthopaedic
Research Fund. To my knowledge, these three funds have contributed to, or are currently contributing to,
medical student and/or resident research projects or educational programs.

The second group, consisting of the Temple-Shriners’ Alumni and the Thoder Portrait and lecture
activity, are beyond my determination re tax exempt status. However, I would suggest that contributions
for dinners, golf outings, paintings and poorly-attended country club “scientific meetings” are question-
able regarding tax exempt status. [ would emphasize, however, such activities are important and should be
supported, but I would further suggest that their tax exempt status be clarified. It is the John Lachman
Orthopaedic Research Fund of the John Lachman Society that since its founding in 2001 has represented
a dedicated 501 (C) (3) tax exempt organization actively supporting both Temple medical student and
Temple University Hospital orthopaedic resident education and research. These activities include the
following:

1) Seed monies for resident research projects.

2) Funds resident expenses for paper/poster presentations at accredited meetings.

3) Funds resident attendance at accredited scientific meetings.

4) Funds award $$$ at annual residents’ research day presentations.

5) Funds the Temple University Journal of Orthopaedic Surgery & Sports Medicine.

6) Funds the medical student summer research program.

7) Supplements the alumni society commitment shortfall to send residents to board review course.

8) The JLORF paid $3,700.00 for a resident to travel to Berlin to attend a meeting presenting a Shri-

ners’ paper because they didn’t have the funds.

Those interested in membership in the John Lachman Society should contact the Chairman of the
Membership Committee, Milo Sewards, MD, c/o The John Lachman Society, P.O. Box 7283, Wayne, PA
19087.
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Letter from the Office of Clinical Trials

The Office of Clinical Trials and Research Support has been going strong
since 2004 when it was established under the direction of Pekka A. Mooar, MD
and Joseph S. Torg, MD and supported by the School of Medicine’s Office of
Clinical Research Administration, with Ms. Joanne Donnelly as the full-time
research and program coordinator.

The program is now in its 13th year and continues to fulfill the vision of pro-
viding the Department of Orthopaedics and Sports Medicine with industry-
sponsored clinical trials, resident-initiated research and the eight-week summer
research program geared toward those Temple medical students with an interest in
orthopaedics. Funding for the program is provided through the federal work-study
program and supplemented by the department. The summer research program will
host 17 Temple medical students in 2017. The eight-week program involves teaching the students the
fundamentals of clinical research via a research topic selected by our orthopaedic surgeons and culminates
in generating a finished manuscript. There is an orientation by Dr. Susan Fisher, Department of Clinical
Sciences Professor and Chair on the “Nuts and Bolts of Statistics for Clinical Research.” Lauri Fennell,
Temple Reference and Emerging Technologies Librarian, provides the students with basic and advanced
research searching options through PubMed and Ovid and other search engines, as well as RefWorks for
managing citations. Chad Pettengill, from the Temple Institutional Review Board, will speak to the stu-
dents regarding the guidelines pertaining to clinical research. I am looking forward to another exciting and
fruitful year with the students.

Current Industry-Sponsored Clinical Trials Drug or Device

Department of Defense

Assessment of Severe Extremity Wound Bioburden at the Time of Definitive Wound Closure or Coverage:
Correlation with Subsequent Post-Closure Wound Infection (Bioburden Study)

Saqib Rehman, MDD, Principal Investigator, Christopher Haydel, MD, Sub-Investigator.

Prospective cohort observational study. Closed to enrollment, in data collection phase — 4 subjects
enrolled.

AESCULAP

A Phase 3, Prospective, Randomized, Partially Blinded Multi-Center Study to Measure the Safety and
Efficacy of Novocart® 3D, Compared to Microfracture in the Treatment of Articular Cartilage Defects

J. Milo Sewards, MD, Principal Investigator; Pekka A. Mooar, Sub-Investigator;

Eric Kropf, MD, Sub-Investigator. Open to enrollment — 6 subjects enrolled.

Department of Defense

Local Antibiotic Therapy to Reduce Infection After Operative Treatment of Fractures at High Risk of
Infection: A Multi-Center, Randomized, Controlled Trial — VANCO Study

Saqib Rehman, MD, Principal Investigator; Christopher Haydel, MD, Sub-Investigator.

Open to enrollment — 3 subjects enrolled.

REGAIN

Regional vs General Anesthesia for Promoting Independence After Hip Fracture Surgery (Large Multi-
Center Study)

Meera Gonzalez, MD, Principal Investigator, Anesthesia, Christopher Haydel, MD, Sub-Investigator,
Orthopaedics. Open to enrollment — 11 subjects enrolled to date.

Joanne M. Donnelly
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Michael Clancy, MD

Jounny BENIAMIN, MD

Dr. Moyer trained and practiced
with Dr. Clancy. Lou Sutherland was
his junior resident. They both have
perspectives of the man that I never
knew. Dr. Clancy was someone much
different to me.

He’s the boss.

He’s the Chief.

I still find it almost impossible to
speak of him in the past tense because
for the last 25 years, he has been such
a constant presence in my life. I made
no major decision, personal or profes-
sional, without seeking his guidance.

We’ve all heard the famous quote,
“Give a man a fish and you feed him
for a day; teach a man to fish and you
feed him for a lifetime.” As I stand
here before you, I face the tremen-
dous task of adequately and properly
honoring the man who gave me the
opportunity and resources that
changed my life. He made it possible for me to acquire the
skill set to provide not only for myself but, more impor-
tantly, for my immediate and extended family. Simply stated:
everything I have and everything I provide for my family
and community is directly related to the incredible, life-
changing opportunity Chief gave me.

Do you remember how you felt when you first put on
YOUR Temple white coat — the one with YOUR name on it
alongside of those magical words “Department of Orthope-
dic Surgery?” I still remember and I will never forget. 1
would bet that every member of our Temple Ortho family,
especially those chosen by Dr. Clancy, knows exactly what I
mean. | cannot even begin to imagine how different life
would be if Chief would have put another name on that piece
of paper on match day.

I believe I am the sum of my experiences — we all have a
journey which has brought us to where we are now. I’ll do
something uncharacteristic and uncomfortable forme . . . I’ll
share a bit of mine.

I am a very private person. I do not seek out new friend-
ships. I do not trust others easily. I don’t bare my soul to
strangers. Experience taught me to become comfortable
being my own island. Following the crowd and trying to fit
in was never going to work for me. Very early on, the crowd
made me painfully aware, in no uncertain terms, that [ was
not one of them, nor would I ever be accepted as one of the
“boys.” Some of you may share some of these experiences
and many of you do not. Therefore, please allow me to
elaborate.
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Unlike most of you, I did not grow
up in Pennsylvania or New Jersey.
I’m from Houston, Texas — a city
much larger, but, in many ways, not
so different than Philadelphia. When I
arrived, I respected north Philly but it
didn’t scare me. You’ve never seen
third ward Houston.

Before me, there were no doctors
in my family. My grandparents were
cooks and maids — the kind who
wore uniforms and worked in the
homes of people who would never
allow them to enter through the front
door. I was told as a little boy that the
only way I would ever safely walk in
neighborhoods like those was push-
ing a lawnmower.

Fast forward to 1991, as I neared
match day and graduation from medi-
cal school at the University of Texas.
I was urged, despite my academic
achievements, that I should never overlook pediatrics as a
career. In 1991 (not 1951), the entire UT system, which at
the time consisted of five medical schools, had never granted
an orthopedic surgery residency to a black person. My medi-
cal school — Southwestern, at the famous Parkland Memo-
rial Hospital in Dallas — is considered the crown jewel of
the UT system. As I approached match day, my school had
proudly never trained in orthopedics a Black, Latino, Asian
or Jew, and most definitely not a woman.

I did a rotation at Temple in 1989 and was greeted by a
junior resident — Rob Mills. Chief at the Shrine was V. Her-
mida and his co-resident was Mindy Siegle. I walked into
the Temple ER and Gene Ding was an intern. I couldn’t
believe it . . . I was in heaven. It was as if I’d walked into the
United Nations of orthopedic surgery!! It may not be par-
ticularly significant to many in attendance, but Dr. Clancy
having the foresight, courage and commitment to educate a
diverse group of residents is truly remarkable and upholds
one of the valued pillars of Temple’s mission.

I understand King David’s words: “I am the stone the
builders rejected . . .” On match day, I foolishly ranked only
one program — Temple University Department of Ortho-
paedics. God and Dr. Clancy blessed me and my family —
everything I have, and I will ever have, is because of Chief.

We are Temple Ortho — we never complain and never
explain. I am Temple Ortho because Dr. Clancy had
the vision, integrity and love to allow me — just a kid from
Houston — an opportunity to have a truly amazing life
and give to my community in ways I could never have imagined.



Thoughts/Reflections Regarding Michael Clancy, MD —
June 4, 2016

Lou SUTHERLAND, MD

We are gathered here this morning to celebrate the Life of
Dr. Michael Clancy. Although he was something different to
each of us — husband, brother-in-law, uncle, physician col-
league, mentor — what he was to ALL of us was a special
and loyal FRIEND.

His life was one of love and service that he extended
unconditionally to his family, his country, the departments
he led, the physician colleagues and residents who were part
of those departments, his friends, and his patients. I suspect
these traits of love and service were acquired and nurtured at
an early age in the home of his parents, James and Matilda.

Although most of us know Michael’s “story,” a review of
his timeline and accomplishments may indeed reveal some-
thing new to each of us.

He was born on September 29th, 1944, sharing that day
with his identical twin brother, Jim.

He grew up in the suburbs of Philadelphia and attended
Lincoln High School where he enjoyed both academic and
athletic success and would, years later, be inducted into the
Lincoln High School Athletic Hall of Fame for his basket-
ball prowess.

Trips to the Jersey shore with his family engendered a
life-long love of the beach. He was proud to serve as part of
the Wildwood Crest Beach Patrol for a short time in his 20s.
After this, his summers were spent volunteering at the Phila-
delphia Naval Hospital.

He and his brother, Jim, both attended Lehigh University
where they both played varsity basketball under Coach Tony
Packer. Michael excelled in his studies at Lehigh, graduating
summa cum laude and Phi Beta Kappa in 1966.

It was then onto Jefferson Medical School where he
received his Doctor of Medicine degree in 1970. It was dur-
ing his General Surgical internship year at Temple Univer-
sity Hospital that Michael definitively realized he wanted to
become an Orthopaedic Surgeon. He was introduced to Dr.
John Lachman at some point during his intern year at Tem-
ple and was offered an Orthopaedic Residency position to
begin the following year.

After completing his residency in 1975, Dr. Clancy
proudly fulfilled his personal commitment to serve his coun-
try in the United States Navy. He attained the rank of Lt.
Commander at the time of his honorable discharge in 1977.

Shortly after returning to Temple as a junior staff physi-
cian, he married his beloved Jackie in July of 1977. Of
Michael’s many wise decisions, this would prove to be his
best!

With Michael’s love of sports, he naturally was attracted
to the developing Orthopaedic sub-specialty of Sports Medi-
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cine. In addition to his staff duties at Temple University
Hospital and Shriners Hospital for Children, Dr. Clancy
began serving as team physician for a minor league hockey
team, the Philadelphia Firebirds, and for his beloved Phila-
delphia 76ers from 1978 through 1989. The highlight of that
era was obviously the NBA Championship year of 1982-83,
coached by Billy Cunningham and led by Julius Erving and
Moses Malone. Michael took great pride in wearing the
Championship Ring awarded him by the Team.

In 1986, Dr. Clancy succeeded Dr. Howard Steel as Chief
of Staff of the Philadelphia Unit of Shriners Hospital. A year
later, he was named Professor and Chairman of Orthopaedic
Surgery at Temple University Hospital, humbly taking the
reins from Dr. Lachman. The Temple Shriners Orthopaedic
Alumni Association endowed The John W. Lachman Pro-
fessorship and Chair of Orthopedic Surgery in 1989 and
Dr. Clancy was named the inaugural designee, a title he held
until his retirement. In addition to simultaneously maintain-
ing these two elite, unique positions, Dr. Clancy supervised
the Residency Training Programs at both institutions, until
Dr. Joseph Thoder assumed the Residency Program Director
position at Temple in 1994.

Dr. Clancy was a master surgeon. He possessed an unpar-
alleled ability to direct and guide a resident through an oper-
ation with the combination of short, encouraging words and
actions — “Retractor goes here!” — that would make most
cases proceed with a level of efficiency and purpose as if Dr.
Clancy were performing the case himself. Michael was also
masterful in the timely use of “qualifying expressive adjec-
tives.” If one felt it necessary to use an adjective to make
one’s point, Michael believed in using one which was certain
to get his point across. When unintended circumstances
arose during a case, Dr. Clancy’s guiding decisions and
actions were decisive and definitive in getting the “ship
righted” and once again going along the intended path.

Under Dr. Clancy’s direction and leadership, both Shri-
ners’ and Temple University’s Orthopaedic Departments
grew in scope, staff and services. His role in the develop-
ment and success of Temple University’s “out-reach satel-
lite” model was monumental. He was able to infuse his
team-player attitude to combine the skills of physicians,
physical therapists, and certified trainers in the overall care
and recovery of both injured athletes and non-athletes alike.

Dr. Clancy and his good friend, Mr. Jim Shacklet, Chair-
man of the Philadelphia Shriners Hospital Board, were
responsible for securing the Philadelphia branch of Shriners
Hospital from the Northeast suburbs to its current location
on North Broad Street in 1998. This brought not only state-
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of-the-art Pediatric Orthopaedic care adjacent to the Univer-
sity Hospital, but also brought Shriners’ Pediatric Research
Center to the University’s Medical Education and Research
Center.

Unfortunately, when Dr. Clancy was at the pinnacle of his
Orthopaedic career, he was forced into early retirement sec-
ondary to a disabling degenerative lower back condition
which prevented him fulfilling the physical demands of an
Orthopaedic Surgeon.

In 2000, upon his retirement, Michael received the Dia-
mond Award awarded by the Temple University Auxiliary
for his dedication and support to the department and
hospital.

Dr. Clancy’s accomplishments and service were also rec-
ognized by the Temple Shriners Orthopaedic Alumni Asso-
ciation with the commissioning of his portrait, which was
presented to the Medical School in December 2001 and is
now proudly displayed with other esteemed Temple Univer-
sity Hospital physicians in the University Hospital.

As with all of us, there was a very human side to Michael.
He endured the loss of his valued and trusted friends, Mr.
Fitz Dixon, Big Jim Shacklet, Ted Quedenfeld, and most
recently, his best friend and twin brother Jim. Michael
endured these losses with strength, courage, and dignity
befitting their support of him.

Shortly after his retirement, Michael confronted his big-
gest adversary and demon with his entire being. As Jim Rog-
ers eloquently stated in his eulogy for Michael on May 17th,
“Paradoxically, it was through his human limitations and
frailty that I observed and grew to love and respect the true
humility behind our dear Michael Clancy.”

With admittance and commitment, through his own
strength and courage, and with the help provided by his
beloved Jackie and others, Michael developed a depth of
resolution which assured success in overcoming his demons.
In a letter to me, Michael stated, “I doubt whether the
‘demon’ has ever faced a line-up that my friends present, led
by the Team Captain, Jackie.” He also shared an aphorism
which motivated him daily: “Winners do what they have
to do, losers do what they want to do. I’ve never been a
loser in my life and, rest assured, I do not intend to start
now.” Paraphrasing a passage from St. Paul’s Letter to the
Romans: Michael’s acknowledgement of his affliction pro-
duced endurance. And endurance, proven character. And
proven character, hope. And hope did not disappoint. When
all was said and done, I can distinctly hear Michael saying:
“I finally sent the demon packing!” Very believably there
was a “qualifying expressive adjective” between “the” and
“demon” when he spoke that victory line.

After attending occasional morning resident conferences
between 2001 and 2005, Dr. Clancy’s love of teaching and
his love of the Residency Program drew him back to regular
weekly conferences with the residents several times a week
between 2007 and 2011. To prepare for these conferences, he
exhaustively reviewed the gamut of the orthopaedic litera-
ture, sharing his knowledge and wisdom with the residents
and students. These thorough reviews enhanced not only the
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residents’ clinical training, but also more readily prepared
them for their yearly in-training exam. Michael joked he
knew more Orthopaedics at that time than when he was in
clinical practice!

After his retirement, Michael also tirelessly continued to
serve as the Executive Director of the Temple Shriners
Orthopaedic Alumni Association. Dr. Clancy’s uncompro-
mising commitment to this organization is the primary rea-
son the Alumni Association remains committed to enhanc-
ing the Temple Orthopaedic residents’ educational experience
and why this association remains financially sound today.

In recent years, as physical issues continued to take their
toll, Dr. Clancy withdrew from his teaching role, but
remained committed to Temple Orthopaedics through his
association with the Alumni Organization and with regular
contact with both past residents and former departmental
colleagues. In 2014, Michael was invited by Dr. Larry Kai-
ser, Dean of the Lewis Katz School of Medicine at Temple
University and President and CEO of Temple University
Health System, to serve on the search committee charged
with choosing a new Chairperson of Orthopaedic Surgery at
Temple. Dr. Clancy’s opinions and input grew to be both
respected and valued by Dr. Kaiser and all involved in that
process.

During the last several years, he treasured his “quiet time”
with his beloved Jackie, and his family and close friends.
Having a comfortable routine allowed him to enjoy the ben-
efits of their homes in Rydal, PA and at the Jersey shore.

In considering Dr. Clancy’s many accomplishments,
undeniably, there was one which gave him the most pride:
Temple Orthopaedics. He had a profound and reverent
awareness of both the academic and fraternal legacies cre-
ated and fostered by his mentor, Dr. Lachman. As the one
chosen to carry the torch, Michael maintained a constant
respect for the legacy created by his predecessor. At Dr. and
Mrs. Clancy’s insistence, Latch remained an integral part of
the Temple Orthopaedic family and Michael relied heavily
on him for consistent counsel and guidance in times of doubt
and uncertainty. Michael wrote: “Got a card from Latch —
No matter how old we get, it’s nice to know he’s always
behind us and with us. Lucky to have been trained by him
— luckier still to have been taught by him and, obviously,
not just Orthopedics.” In his Eulogy delivered for Dr. Lach-
man on October 18th, 2007, our friend Dr. Phil Alburger
referred to the unique and special gift we, as Temple trained
Orthopedists, share when he said: “We are in a sense
‘Latched’ together . . . So it’s time to see if the mentoring
worked and we are left the daunting prospect of trying to
emulate him so that his principles can endure.” In the letter
included in my personal signed copy of his portrait, Michael
wrote: “During my 13 years as chairman, Jackie and I were
cognizant of continuing the tradition and camaraderie of the
orthopedic department that was in place. It is with pride that
I can state this goal was achieved.”

As we bid farewell, we can say with confidence, “Michael,
well done, our good and faithful friend, well done!” May he
rest in peace.
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Temple University Health System Philadelphia, PA 19140 web: www.temple.edu/medicine
May 13, 2016

Dear Colleagues:

It is with great sadness that | share the news that Temple University Hospital and the Lewis Katz School of Medicine have lost
a beloved mentor to generations of orthopaedic residents —and | have lost a friend. Michael Clancy, MD, has passed away at
the age of 71.

Mike arrived at Temple as a surgical intern and orthopaedic resident in 1970, and trained under the luminary John W.
Lachman, MD. He joined our faculty in 1977, and remained until his retirement in 2009, serving for many years as Chief of
Staff at Shriners Hospital for Children and as Chair of the Department of Orthopaedic Surgery and Sports Medicine at Temple.
In fact, it’s largely to Mike’s credit that Shriners relocated to our campus (and that the Shriners Pediatric Research Center
now flourishes in MERB). He was a driving force in negotiating these agreements, now part of his legacy.

It is also his legacy that Temple delivers orthopaedic and sports medicine services of excellence. His diagnostic expertise,
therapeutic decisiveness, and impeccable standards demanded it. An eminent surgeon with headmasterly instincts, Mike
held everyone to the high standards of his own practice. No doubt it was through his own athletic accomplishments (at
Lincoln High School and Lehigh University) that he learned the value of true team work. His trainers, therapists and residents
were full members of the team. He taught everyone how to focus on the big picture, namely "safe return to full activity." And
Mike possessed a singular and uncanny ability to quickly discern it. Throughout the 1980s, Mike was the team orthopaedist
for the Philadelphia '76ers. His notoriety soared (especially after the team’s 1983 championship season)—and drew
celebrities like Moses Malone, Billy Cunningham and Julius Erving to his busy practice. Student athletes and weekend warriors
too.

Even after retirement, Mike remained a steadfast advocate of Temple orthopaedics, regularly convening get-togethers with
alumni, serving as president of the John Lachman Society and helping secure financial support for orthopaedics research and
resident education. | can personally attest to how deeply Mike cared about Temple. Likewise, legions of residents, faculty,
staff and patients deeply cared about him. Beneath that stern demeanor was a heart of gold. As his colleagues have said, he
was a true pioneer in athletic medicine. His accomplishments were monumental. So was the man.

Memorial plans will be forthcoming. Our sincere condolences to his wife Jackie, his family and his many, many friends, former
students and patients.

Sincerely,

Larry R. Kaiser, MD, FACS

Dean and Professor of Surgery, Lewis Katz School of Medicine at Temple University
Senior Executive Vice President for Health Affairs, Temple University

President and CEO, Temple University Health System
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The Distinguished Alumni Papers
F. Topp WETzEL, MD

These two papers represent a portion of my work when I was privileged to have been a postdoctoral
fellow in the Yale Biomechanics Lab under the direction of Dr. Manohar Panjabi. Dr. Panjabi, along with
Dr. Augustus A. White, II1, is considered to be one of the founding members of spine biomechanics. He
and Dr. White coauthored the seminal text, Clinical Biomechanics of the Spine. To have spent a year under
his tutelage was an honor.

These papers are noteworthy for two reasons. The first is the application of what was then “cutting
edge” technology: two-dimensional digitization to quantify vertebral stability/instability after spinal inju-
ries. While this was rather quickly supplanted by three-dimensional technology involving the implantation
of tantalum spheres, it was, at the time, reasonably well received. The ability to actually quantify transla-
tion and angular rotation in an accurate and validated model helped to advance the study of spinal
instability.

The second area that was novel may not seem so today: this was one of the first studies to look at the
biomechanical behavior of injuries over time in an in vivo model. As such, the healing of the injuries could
be quantified over time. This helped sharpen the characterization of instability by adding a temporal com-
ponent. The obvious translational benefit of these data (and many others) was to help predict “unstable”
outcomes based on initial injury severity.
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Distinguished Alumni Paper

Biomechanics of the Rabbit Cervical Spine
as a Function of Component Transection

F. Tobp WETZEL, MANOHAR M. PANJABI, RICHARD R. PELKER

Department of Orthopaedics and Rehabilitation, Yale Medical School, New Haven, CT

Summary

The rabbit cervical spine in the form of the functional
spinal unit was tested in a manner analogous to that used
to study human functional spinal units. Anatomies and
biomechanical similarities and differences with the
human were demonstrated. The rabbit cervical spine
failed abruptly after a well-defined series of anterior or
posterior segmental injuries. However, up to the failure
point, the rabbit cervical spine exhibited an increased
range of motion after each segmental injury. The results
of this study were used to develop an in vivo model for
the study of spinal injury in subsequent projects.

Key Words: Functional spinal unit — Serial injury in
vitro.

The biomechanical behavior of human cervical spines has
been well characterized.!~*®° However, there is a paucity of
information about the changes that the spine undergoes with
the passage of time after injury or surgical ablation. An ani-
mal model is needed to investigate these problems. Any
animal model is limited; however, it is not the purpose of
this study to imply that the biomechanical information from
the rabbit model used here is directly applicable to the
human spine. The major utility of this model lies in its use as
a system for comparison of various degrees of injuries within
itself.

The precise quantification of the biomechanical behavior
of the cervical spine has been aided by studying the func-
tional spinal unit, rather than the entire cervical spine.® 3 °
The functional spinal unit is defined as two adjacent verte-
brae and all interposed soft tissues. The purpose of this study
is to determine the biomechanical behavior of an animal
model — the rabbit — in an in vitro study by examining rab-
bit cervical functional spinal units during the serial section-
ing of anterior and posterior structures. The information
gained from this experiment will be used to develop an in

Reprinted with permission from the Journal of Orthopaedic Research,
7:723-727 Raven Press, Ltd., New York. ©1989 Orthopaedic Research
Society.

Address correspondence and reprint requests to Dr. M. M. Panjabi at
Department of Orthopaedics and Rehabilitation, Yale Medical School, New
Haven, CT 06510, USA.

vivo model for the study of spinal injury in subsequent
projects.

Materials and Methods

The anatomy of the rabbit cervical spine is comparable to
that of the human, with five single and two paired spinal
ligaments connecting any two adjacent vertebrae. The spi-
nous processes are relatively small compared to vertebral
bodies. The facet joints are well developed and oriented in
the longitudinal plane at an angle roughly 30° to the coronal
plane. We define intertransverse ligaments and all structures
anterior to them as anterior elements, while all structures
posterior to them are posterior elements. Grossly, the supra-
and interspinous ligaments join adjacent spinous processes.
The ligamentum flavum is a thin membrane-like structure
running deep to the laminae. The facet capsules are thick,
fibrous structures enclosing adjacent superior and inferior
facets, while the intertransverse ligaments are broad fibrous
bands connecting consecutive transverse processes. Both the
posterior and anterior longitudinal ligaments are delicate
structures connected to the intervertebral disc. In all rabbit
specimens examined, the disc space was composed of dense
fibrous bands of annulus circumscribing a small well-defined
nucleus pulposus.

Rabbit cervical functional spinal units from either C3-4 or
C5-6 were tested biomechanically using a protocol similar to
the one used earlier for similar studies of the human cervical
spine.® In a subsequent in vivo study, injuries were made at
the level of C4. By studying C3-4 and C5-6, we were able to
acquire two functional spinal units from each animal, and
thus broaden the comparable in vitro data base. A limitation
of this selection is the exclusion of more proximal and distal
segments from biomechanical testing, thus precluding a
more comprehensive, level-by-level, biomechanical descrip-
tion of the rabbit cervical spine.

Functional spinal units from young adult New Zealand
white rabbits were used. All rabbits were age 6 to 8 months
(normal life span of 3 to 5 years). No degenerative changes
were observed on any vertebral bodies or facet joints.
Although the precise temporal sequence of disc degenera-
tion in the rabbit has not been characterized, the age of the
animals used in this study is taken to preclude the presence
of senescent changes in the intervertebral discs.



Temple University Journal of Orthopaedic Surgery & Sports Medicine, Spring 2017

Drill holes were made in the inferior aspect of the inferior
vertebral body, and two large anchoring screws were
inserted. The functional spinal unit was placed in a specially
constructed jig, and the inferior vertebra was fixed in quick
setting epoxy with middisc plane oriented to lie horizontally.
This was accomplished in such a manner as to leave poste-
rior elements freely accessible. Two 21 gauge needles were
then inserted into the upper vertebra via small drill holes that
served as markers for motion measurement. These markers
were anchored in the cancellous core of the vertebral body,
roughly perpendicular to one another in the sagittal plane. A
prolene suture was fixed to the upper vertebral body at its
geometric center to apply loads. A functional spinal unit
being tested in flexion is shown in Fig. 1.

Figure 1. Lateral drawing of a specimen ready for flexion testing. The pin
markers are inserted into the body of the upper vertebra to allow measure-
ment of the motion. The prolene suture is fixed to the geometric center of
the upper vertebral body to apply loads.

The technique of two-dimensional photogrammetry was
employed to analyze vertebral motion in the sagittal plane.
The mounted specimen was placed on a table with two fixed
markers clearly visible in the background. A radiograph was
taken so that the precise positions of the vertebral (needle)
markers with respect to the vertebral body were clearly
shown. Either an anterior (flexion) or posterior (extension)
force of 10 N, approximately 25% of body weight, as used in
comparable studies of the human cervical spine® ® was
applied. While realizing that a similar force applied to the
spine of a quadruped or biped may not produce the same
range of motion as in the case of the human, this force mag-
nitude seems reasonable since the mean flexion of human
functional spinal units tested from C2 to C7 is 7.9 + 2.2°6%
and that of the rabbit functional spinal unit tested here is 12.8
+ 3.4°. Three load/unload cycles of 1 min on/1 minute off
were used. At the completion of the third “load on” cycle, a
lateral photograph of the functional spinal unit and back-
ground markers was taken. This was repeated at the end of

the third minute of “load off.” Ligaments were serially sec-
tioned either from posterior to anterior for the flexion load-
ing or from anterior to posterior for the extension loading, in
a manner analogous to that described by Panjabi et al.®
(Table 1). After each serial section, the experimental proce-
dure of load/unload/photograph was repeated.

All functional spinal units were tested until “failure”
occurred. Failure in our case was defined as angular motion
of the superior vertebra with respect to the inferior vertebra
exceeding 45°, or when the upper and lower vertebrae
abruptly separated. This is in contrast to the failure criteria
of 90° used earlier.®® We believe that 45° of angulation is
adequate representation of the clinical situation and subse-
quent in vivo study using an animal model.

Roentgenographs and photographs of each specimen were
digitized. These data were fed into a specially developed
kinematics program that computed angular range of motion
and two-dimensional translation after each injury. As a check
on digitizing errors, the distance between the tips of the two
vertebral markers was computed with each slide. For motion
analysis, translations of the anterior inferior vertebral body
tip of the upper vertebra and angular range of motion of the
upper vertebra with respect to the lower were computed. The
accuracy of the motion measurement system was deter-
mined by repeatedly digitizing the same set of films ten
times and presenting it as standard deviations. This was
found to be 0.2 mm for translation and 0.3° for angular range
of motion. Since the translational motions found in the
experiment were on the same order of magnitude as the
errors, only the angular range of motion parameters was
analyzed for this study.

Results

Eight functional spinal units, seven from C3-4 and one
from C5-6, were tested in flexion. Five functional spinal
units, four from C3-4 and one from C5-6, were tested in
extension. The tabulation of test data on individual func-
tional spinal units is given in Table 2. In flexion, four of the
eight functional spinal units failed following division of all
of the structures posterior to and including the intertrans-
verse ligaments (supraspinous and interspinous ligaments,
ligamentous flavum, facet capsule ligaments, laminectomy,
and facetectomy) (Table 1), while two failed one injury “ear-
lier” (laminectomy/facetectomy) and two failed one injury
“later” (posterior longitudinal ligament division). In exten-
sion, four of the five specimens failed following division of
all of the structures anterior to and including the capsular
ligaments (anterior longitudinal ligament, annulus fibrosis,
posterior longitudinal ligament, and intertransverse liga-
ments) (Table 1), while one failed “earlier” after division of
the intertransverse ligaments. A representative graph of a
functional spinal unit tested in flexion with transection of
ligaments from posterior to anterior is shown in Fig. 2. On
the horizontal axis is shown the ligament transected, while
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TABLE 1. Injuries Producing Failure

TABLE 2. Test Data on Individual Motion Segments

Flexion: posterior to anterior sequence of division of structures, for
specimen tested in flexion

. Supraspinous, interspinous ligaments

. Ligamentum flavum

. Facet capsular ligaments

. Laminectomy and bilateral facetectomy
Intertransverse ligaments

. Posterior longitudinal ligament

. Posterior half of annulus fibrosis

. Anterior half of annulus fibrosis

9. Anterior longitudinal ligament

Extension: anterior to posterior sequence of division of structures, for
specimens tested in extension

. Anterior longitudinal ligament

. Anterior half of annulus fibrosis

. Posterior half of annulus fibrosis

. Posterior longitudinal ligament
Intertransverse ligaments

. Facet capsular ligaments

. Laminectomy and bilateral facetectomy
. Ligamentum flavum

. Supraspinous, interspinous ligaments

on the vertical axis is the resulting vertebral angulation due
to the application of the load. As a comparison, a similar
graph based upon data generated by flexion tests of human
cervical functional spinal units® is also shown. Unlike the
human functional spinal unit, the rabbit functional spinal
unit exhibits greater incremental range of motion for each
serial injury, but, like its human counterpart, it fails abruptly.

Discussion

The results of the rabbit in vitro tests of ligament transec-
tions are similar to those reported in comparable studies
involving the cervical and lumbar spine specimens in
humans. Similar to the human cervical spine, failure occurs
abruptly after a well-defined series of anterior (or posterior)
injuries. However, unlike the human cervical spine, which
exhibits little change in its range of motion up to the failure

PERCENT OF INTACT
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Figure 2. Flexion ranges of motion for the rabbit and human cervical spinal
units expressed as percentages of their corresponding intact values vs. pos-
terior structure transected. See Table 1 for explanation of the structures
transected.

Intact One Injury
Specimen Failure Failure Initial Pre-fail
Level Point Type ROM (deg) ROM (deg)
Flexion: ligament transection from posterior to anterior
C3-4 Intertran. 0>45° 10 31
C3-4 Lam./Fac. 0>45° 18 37
C3-4 Post. Long. 0>45° 16 41
C3-4 Intertran. 0>45° 9 25
C3-4 Intertran. Dramatic® 10 36
C34 Lam./Fac. 0>45° 19 36
C3-4 Post. Long. Dramatic® 11 36
C5-6 Intertran. Dramatic® 10 36
Extension: ligament transection from anterior to posterior
C3-4 Capsular 0> 45° 9 21
C3-4 Capsular 0>45° 15 25
C5-6 Capsular 0> 45° 8 25
C3-4 Capsular 0>45° 9 28
C3-4 Intertran. 0>45° 18 27

ROM, range of motion.
*Abrupt separation of vertebrae.

point, the rabbit cervical spine exhibits an increasing range
of motion after each incremental serial injury. Further, the
human cervical functional spinal unit demonstrates a
decrease in range of motion after facetectomy. Thus, while
biomechanical similarities between quadrupedal and bipedal
cervical functional spinal units, in this case between rabbit
and human, exist, extrapolation of animal data to human
situations must be made with caution.

How applicable to this model are the observations of Pan-
jabi et al.® and White et al.® requiring that “all anterior ele-
ments plus one” and “all posterior elements plus one” be
intact to prevent failure? In the flexion test, division of struc-
tures up to and including the intertransverse ligaments pro-
duced failure in 50% of the specimens tested; two failed one
serial injury “earlier,” and two failed one serial injury “later.”
If one then considers the injury to the transverse ligament to
be that producing failure, the observations of Panjabi et al.®
and White et al.® are applicable, provided the transverse liga-
ment is included in the “anterior” groups of elements.

Since the transverse processes in the rabbit cervical spine
are anterior to the canal, this seems anatomically and func-
tionally plausible. White et al.” further stated that the adult
cervical spine is on the “brink of instability” when all of the
anterior or all of the posterior elements are destroyed. This
implies that any serial injury that further destabilizes the
spine would result in complete biomechanical failure. Using
these guidelines in the rabbit model, injuries producing fail-
ure appear to be serial posterior division of the structures up
to and including the intertransverse ligaments (flexion), and
serial anterior division of the structures up to and including
the facet capsular ligaments (extension).

The utility of this study is twofold. First, methodology
from human cervical biomechanical tests has been applied to
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an animal model. Similarities and differences in biome-
chanical behavior are observed. Second, and most impor-
tant, is the use of this information to construct an injury
system to be employed in the rabbit model for an in vivo
investigation.” Only in this way can data on the applicability
of in vitro data to in vivo situations be acquired. While one
can hopefully gain insight into the human situation using
such models, again it must be emphasized that caution is
required to extrapolate to the human findings from any ani-
mal experiment, in vitro or in vivo.

Acknowledgment

This research was supported by National Institute of
Health Grants AR 30361 and AR 34699. Technical help
from J. Duranceau, E. Hult, and D. Summers is gratefully
acknowledged. This work was presented in part at the 12th
Cervical Spine Research Society, New Orleans, LA, 1984.

9.

References

. Fielding JW. Normal and abnormal motion of the cervical spine from C2

to C7, anirontgenography. J Bone Joint Surg Am. 46:1779—1781, 1964.

. Goel VK, Clark CR, McGowan D, Goyal S. An in vitro study of the

kinematics of the normal, injured, and stabilized cervical spine. J Bio-
mech. 17:363-376, 1984.

. Halliday DR, Sullivan CR, Hollingshead WH, Bahn RC. Tom cervical

ligaments: neuropsy examination of normal cervical region. J Trauma.
4:219, 1964.

. Lysell E. Motion in the cervical spine. Acta Orthop Scand Suppl.

123:000-000, 1969.

. Panjabi MM, White AA III. Basic biomechanics of the spine. Neurosur-

gery. 7:76-93, 1980.

. Panjabi MM, White AA III, Johnson RM. Cervical spine mechanics as a

function of transection of components. J Biomech. 8:327-336, 1975.

. Wetzel FT, Panjabi MM, Pelker RR. Temporal biomechanics of posterior

cervical spine injuries in the rabbit model. J Ortho Res. 7:000—000,
1989.

. White AA III, Johnson RM, Panjabi MM, Southwick WO. Biomechani-

cal analysis of clinical stability in the cervical spine. Clin Orthop.
109:85-96, 1975.

White AA III, Southwick WO, Panjabi MM. Clinical instability in the
lower cervical spine. Spine. 1:15-27, 1976.



Distinguished Alumni Paper

Temporal Biomechanics of Posterior Cervical Spine
Injuries in vivo in a Rabbit Model

F. Tobp WETZEL, MANOHAR M. PANJABI, RICHARD R. PELKER

Department of Orthopaedics and Rehabilitation, Yale University School of Medicine, New Haven, CT

Summary

There are numerous clinical and biomechanical criteria
for determination of acute spinal instability. No data,
however, exist on the biomechanical behavior of the
injured, untreated spine during the healing period. Using
a rabbit model, this study was designed to quantify
changes in the mechanical properties of the injured spine
over time. Sixteen rabbits were assigned to four injury
groups: Injury 1 (C4-5 supra/intraspinous ligament tran-
section), Injury 2 (C4 laminectomy), or Injury 3 (C4
laminectomy, plus bilateral facet capsular ligament tran-
section). The fourth injury group was Sham (posterior
exposure of C4-5, no spinal injury). Preinjury range of
motion was determined by standardized flexion-
extension radiographs on all animals. Postinjury flexion-
extension radiographs were taken at four, eight, and 12
weeks. At the end of 12 weeks, animals were killed. Mean
range of motion at C4-5 for all injury groups decreased
from preinjury values. The greatest decrease was for the
most severe injury. At eight weeks, the range of motion
for this injury was less than half of the preinjury level and
increased to 62% of the preinjury level at 12 weeks.

Key Words: Cervical spine injuries — Biomechanical
changes — Spinal instability.

Knowledge of biomechanics of the cervical spine is cru-
cial for proper management of traumatic injuries, elective
surgical ablations, and ongoing destructive disease pro-
cesses. Alterations in mechanical integrity and neurological
status frequently determine the optimal treatment of spinal
injury. Intentional removal of spinal structures during sur-
gery may also compromise spinal stability and lead to acute
or progressive neurological deficit and deformity. Thus, the
acute assessment of “stability” has been the subject of
numerous investigations. Munro® discussed factors contrib-
uting to stability of the cervical spine. Panjabi et al.' and

Reprinted with permission from the Journal of Orthopaedic Research,
7:728-731 Raven Press, Ltd., New York. ©1989 Orthopaedic Research
Society.

Address correspondence and reprint requests to Dr. M. M. Panjabi at
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White et al.'® serially removed ligamentous and bony struc-
tures from cadaveric cervical spines to correlate injury
severity with instability under physiologic flexion/extension
produced with 25% body weight loading. The most severe
injuries, still physiologically stable, were found to be those
in which all of the anterior elements “plus one,” or all poste-
rior elements “plus one,” were intact. The results were incor-
porated into a nine point checklist for diagnosing clinical
instability in the cervical spine."> Similar studies have been
conducted in the thoracic and lumbar regions.* !

All of these studies were temporally “static,” i.e., the bio-
mechanical behavior of the spine was studied immediately
after injury, with no emphasis upon the ongoing biological
processes of healing and biomechanical adaptation. These
temporal processes are evident in clinical practice. For
example, a type III dens fracture, while acutely unstable,
will become stable over time if protected by external means
so that healing may occur.’ Conversely, a multiple level
laminectomy is acutely stable, but if unprotected will lead to
a chronic, adaptive deformity that will destabilize the spine.?
Hence, biomechanical criteria valid at the time of initial
injury do not permit an accurate prognosis of delayed stabil-
ity or instability for a given injury.

Biochemical studies on the healing of some spinal inju-
ries, notably of the disc, are present in the literature,®” as are
studies on the healing of various ligaments and tendons of
other joints."* 51213 To our knowledge, however, there are
no biomechanical studies concerning the healing and adap-
tive changes of the injured spine. The present study intends
to address this issue by quantifying changes in the biome-
chanical behavior of the injured spine in vivo over time in an
animal model.

The rabbit model used here has been described in detail by
Frank et al.* There are notable similarities and differences
between the animal model and the human cervical spine. As
with any animal model, caution should be exercised when
attempting to extrapolate any conclusions reached here to
the human spine.

Materials and Methods

Sixteen adult New Zealand white rabbits were used for
this experiment. Food and water were provided ad libitum.
All animals were examined daily. Each animal underwent
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one of four surgical procedures and serial postoperative
functional radiographs, thus providing a continuous biome-
chanical picture of the healing process. Four animals were
placed in each injury group.

Surgery was performed under sterile conditions. All ani-
mals were premedicated with intramuscular ketamine (Keta-
ject, Bristol Labs, Syracuse, NY, U.S.A.), 35 mg/kg. This
ensured complete muscular relaxation. Induction was per-
formed using nitrous oxide. Anesthesia was maintained by a
combination of nitrous oxide and halothane (Halocarbone,
Inc., Hackensack, NJ, U.S.A.). All surgery was done via a
standard posterior midline approach. Animals were ran-
domly assigned to one of four injury groups. Injury selection
was made on the basis of in vitro tests,'* in such a manner as
to avoid frank instability and ensure survival during the
healing period. Injury #1 consisted of transection of supra-
and intraspinous ligaments at C4-5. Injury #2 was C4 lami-
nectomy. Injury #3 consisted of C4 laminectomy plus bilat-
eral facet capsular division. The sham group — Injury #4
— underwent posterior exposure of C4-5 without any spinal
column injury. For 24 h preoperatively and 48 h postopera-
tively, all animals received intramuscular procaine penicil-
lin. Animals were examined daily, and routine postoperative
analgesia was provided. No form of postoperative immobili-
zation was used in any group.

Standardized lateral flexion/extension radiographs were
taken at the following times: preoperatively, and at four,
eight, and 12 weeks postoperatively. Prior to each set of
films, the animal was sedated with i.m. ketamine, 35 mg/kg
to ensure complete muscle relaxation as described above,
and minimize any active muscular contribution to the bend-
ing stiffness. It was then placed in a special apparatus to
apply flexion and extension loads of 10% body weight with
respective moment arms of 5 and 10 cm to the injured area.

These load magnitudes were arrived at in the following
manner: In a preceding in vitro experiment,' a load of 25%
body weight was applied to a rabbit cervical functional spi-
nal unit. Since the rabbit vertebra was 1 cm in height, the
corresponding applied moment was 0.25 “body weight—
centimeters.” The moment arms required in vivo to produce
cervical motion were larger, presumably due to the passive
resistance of muscles and other soft tissue restraints. Flexion
loads were applied through a moment arm of 5 cm, thus
producing a total flexion moment of 0.5 “body weight—
centimeters” (which equals 5 cm x 10% body weight). The
apparatus in which the animals were tested held them in the
prone position; thus, the moment arm required for extension
was larger in order to compensate for the weight of the
head. The total extension force applied was 1 “body weight—
centimeters” (which equals 10% body weight x 10 cm).

The lateral flexion and extension radiographs were digi-
tized and range of motion was calculated utilizing a spe-
cially developed automated computer program. By superim-
position of the inferior vertebra in flexion and extension
views, the relative motion of the superior vertebra was deter-

mined. This process was repeated for each level from C3 to
C6. Since the injury level was C4-5, only results from this
level are reported and discussed. While other kinematic
parameters were computed, only measurements of the angu-
lar range of motion in the sagittal plane were felt to be reli-
able indicators of biomechanical behavior.'"* Using the Wil-
coxan two-sample rank sum test, statistically significant
differences between the preoperative and postoperative
biomechanical behavior of different injury groups was
determined.

In addition, a single group of randomly selected flexion/
extension films were digitized ten times, and range of motion
computed at C4-5. Results were analyzed to assess the reli-
ability and reproducibility of our automated superimposition
technique.

Results

In the repeatedly digitized films, the standard deviation of
the angular range of motion was 0.53°. As such, all data are
presented to the nearest whole degree (equal to two standard
deviations). The range of motion is tabulated in Table 1 as a
function of time and injury group. Graphic representations
of mean range of motions at C4-5 as functions of time and
injury groups are shown in Fig. 1. Significance with respect
to the preinjury range of motion was determined by the Wil-
coxan two-sample rank sum test. No statistically significant
differences in the range of motion were found between the
sham and preinjury groups at any time. The mean range of
motion before injury for the groups was 29 = 5°. The sham
injury resulted in a small increase in the range of motion
initially to 34 + 8°. This gradually decreased to 29 *+ 8° at
eight weeks and 25 = 5° at 12 weeks. Injury 1 and Injury 2
resulted in an initial decrease in the range of motion (24 *
9° and 24 * 6°, respectively) compared to the preinjury
levels. This gradually returned towards the preinjury level
by 12 weeks (28 + 5° and 29 * 3°, respectively).

Injury 3 resulted in a significant (p <0.05) decrease in the
range of motion compared to the preinjury range of motion
at four weeks. This decreased further to 13 = 6° at eight
weeks with a 12-week value of 18 = 6°. At all these testing
periods, the ranges of motion were statistically significantly
lower than the preinjury range of motion.

Table 1. C4-5 Angular Range of Motion in Degrees

Time
Preoperative 4 Weeks 8 Weeks 12 Weeks
Mean SD Mean SD Mean SD Mean SD
Sham 29 5 34 8 29 8 25 5
Injury 1 29 5 24 9 21 10 28 5
Injury 2 29 5 24 6 28 5 29 2
Injury 3 29 5 20? 6 132 6 18 6

SD = standard deviation.
*Significant change (p < 0.05) from the preoperative range of motion of 29°
using the Wilcoxon two-sample rank sum test.
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4 a 12
WEEKS AFTER INJURY

Figure 1. Range of motion in degrees for each injury group as a function of
time postinjury. Note that the range of motion of Injury 3 is significantly
less than the preinjury range of motion (dashed line) at all time intervals
(p < 0.05, Wilcoxon two-sample rank sum test).

Discussion

An attempt was made to measure a range of motion in
animals immediately postoperatively. In the most extensive
injury group — laminectomy and facet capsular transection
— this proved incompatible with survival due to uncontrol-
lable hemorrhage provoked by the flexion testing. As such,
for the sake of comparison, this testing point was abandoned
for all groups. Thus, the possibility of an immediate unde-
tected postoperative increase in range of motion exists. At
four weeks, however, all surgical injury groups 1, 2, and 3
demonstrated a decrease in their range of motion from the
preoperative levels although not statistically significant. On
the basis of in vitro studies in the human®!"" and rabbit'*
spines, one would expect just the opposite, i.e., the range of
motion would increase with the transection of spinal ele-
ments. A possible explanation for this is that the in vivo
process of paraspinous soft tissue healing stabilizes the
injured spine more than the injury destabilizes it, at least in
injuries that, based upon in vitro data,'* are not acutely
unstable.

At 12 weeks, range of motion of all injury groups includ-
ing sham shows a tendency to increase from the 4- and
8-week levels and to return to the preoperative level. This in
turn implies that the contribution of paraspinous soft tissue
healing changes over time and may be diminishing.

The trends noted above tend to substantiate the existence
of two “competing” mechanisms: paraspinous soft tissue
healing, which stabilizes the spine, and spinal column injury,
which destabilizes it. The exact interplay of these mecha-
nisms in this temporal study, however, is far from clear.
Between injury groups #1 and #2, there is a suggestion that
temporal healing behavior may mimic in vitro behavior with
the more severe biomechanical injury displaying a relatively
greater range of motion and more rapid return to preopera-

: : t >

tive levels. At a level of accepted statistical significance
(p <0.05), postoperative range of motion in injury group #3
is consistently different from the preoperative value; it is
decreased at all time intervals. Again, on the basis of in vitro
studies, one would expect just the opposite. With the more
extensive injury (laminectomy and facet capsular ligament
division), the soft tissue response was vigorous enough to
significantly decrease range of motion. Whether or not this
quantitative decrease in flexibility would occur with the cre-
ation of more severe spinal injuries is unknown. The injury
that produced complete biomechanical failure in vitro," i.e.,
laminectomy, facetectomy, and intertransverse ligament
division, was, unfortunately, not compatible with animal
survival due to uncontrollable hemorrhage produced by fac-
etectomy. This difficulty could be overcome by the use of a
larger animal. The quantitative behavior of the injured spine
in vivo in this critical area of failure, as defined in vitro,
could then be studied by the methods described above. Sub-
sequent studies await this application.

One variable that has been controlled in the present ani-
mal study is the effect of age on the biomechanical behavior
of the specimens, a problem frequently encountered in
human in vitro studies. As noted in the earlier in vitro study,'
all rabbits used were young adults. As such, any biome-
chanical effects caused by disc degeneration or degenerative
changes may be presumed to be absent.

A major problem with static in vitro studies concerns their
clinical applicability. As such, the reliable transposition of in
vitro standards to in vivo situations is a matter of major
importance. As previously noted,” injuries that are acutely
stable may destabilize over time, with attenuation of the
remaining ligamentous restraints. The natural history of
these problems is thus of paramount interest. In the current
study, in the case of Injury #3, one can conclude, for exam-
ple, that internal stabilization of the injured animal for the
customary 6- to 12-week period used clinically is not
required. When, or if, chronic destabilization occurs is not
evident in this rabbit model in the setting of a 12-week test.
In subsequent studies utilizing a dog model over longer
experimental periods, this question will be addressed. Obvi-
ously, the timing of appropriate intervention is of paramount
importance to the clinician. Studies conducted in vitro can-
not address this temporal concern. As such, the reliable
transposition of in vitro standards to in vivo situations is a
matter of major importance. This preliminary study has
begun to address this problem using the rabbit model.
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Abstract

Most orthopedic surgery residents carry significant
debt and may enter their practice with little knowledge of
business management, minimal retirement savings, and
overall poor financial literacy. This study aimed to gauge
financial literacy, debt, and retirement planning in U.S.
orthopedic surgery residents. Eighty-five allopathic
orthopedic surgery residents in the United States com-
pleted a 14-question anonymous online survey. The sur-
vey assessed demographic data, self-assessed financial
knowledge, amount of credit card debt and loans, prepa-
ration for retirement, and willingness to participate in
formal didactic education on these topics. The majority of
respondents were married and aged 30—-35. 28% consid-
ered themselves to have above average financial literacy,
deriving their knowledge primarily from personal
research (51%). Despite the majority of respondents
reporting over $200,000 in outstanding loans, only 31%
of residents surveyed create and stick to a monthly bud-
get. Importantly, 48% are not currently saving any money
for retirement. Despite the fact that only 4% of those
surveyed report having formal training in investing, per-
sonal finance, or retirement savings, the majority (84%)
of residents have an interest in learning more about finan-
cial planning. In fact, almost 75% of those surveyed con-
sider themselves less prepared for retirement than their
peers outside of medical training. This study suggests a
role for formal financial education in the orthopedic cur-
riculum to prepare residents for retirement, and help with
both investing and debt management.

Introduction

Residents emerge from medical school carrying substan-
tial debt, and are ill-equipped to make many of the important
financial decisions needed to carry them into a career and
ultimately, retirement. According to the Association of
American Medical Colleges, for the class of 2016, the
median cost of medical school is $306,171 for private
schools and $232,838 for public schools.! Residents face this
substantial debt with less financial knowledge than their

college-educated, non-medical peers and at the cost of signifi-
cant stress in both their finances and personal relationships.??

The Accreditation Council for Graduate Medical Educa-
tion (ACGME) publishes program requirements for orthope-
dic surgery in order to ensure that all graduating residents
are prepared to enter their practice with at least some mini-
mum level of competency. Interestingly, while practice man-
agement, financial literacy, and retirement planning play a
crucial role for any orthopedic surgeon leaving residency,
there is currently no requirement by the ACGME for any
training in this field.

The goal of this study was to evaluate how residents
across many orthopedic programs perceived their own level
of knowledge with regards to financial literacy, investing,
and retirement savings. Furthermore, we sought to determine
how interested these residents would be in formal education
in this field as a mandatory component of their training.

Methods

A survey was devised in order to assess resident debt,
financial knowledge, and willingness to participate in a for-
mal course on these topics. The questions were, in part,
derived from those asked in previous studies in other
fields.* "3 Specifically, the questions were:

1. What is your current year in training?

2. What is your current age?

3. What is your current marital status?

4. I would rate my knowledge of finance, investing, and
savings as: no knowledge, some knowledge, average, above
average, very knowledgeable.

5. My current knowledge about personal finance, invest-
ing, and savings is primarily from: previous schooling,
personal research, lectures or meetings, I have minimal
knowledge on this topic, other.

6. The amount of student loans I have currently outstand-
ing is: no loans (or loans paid off), less than $20,000 ($20k),
$20k-$50k, $50k—$100k, $100k—$200k, over $200k.

7. The total amount of credit card debt I carry on average,
after monthly payments are made is: none, less than $500,
$500-$1k, $1k-$5k, over $5k.

8. With regards to budgeting my income and expenses, I:
Do not create a monthly budget, I have a monthly budget but
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do not usually stick to it, I have a monthly budget and almost
always stick to it.

9. My program offers advice on savings and retirement
planning: True, False, Not sure.

10. My institution offers a retirement fund (i.e., 401k,
403b) with matching: True, False, Not sure.

11. The monthly amount I put towards a retirement
account is: $0, $1-$150, $150-$300, over $300.

12. The reason that most closely matches why I do not
currently invest in a retirement account is: I do invest in a
retirement account; I have other expenses (repaying loans,
consumer debt, etc.) that do not afford me to save money
each month; I don’t think I will be at a significant loss if I
wait to save until after residency/fellowship is finished and
my salary increases; I don’t know where to invest my money;
I prefer to invest my money in other venues (individual
stocks, bonds, primary savings account, etc.) not associated
with a retirement account.

13. I would be interested in learning more about personal
finance, investing, and retirement savings: True, False.

14. With regards to retirement, I consider myself: more
prepared than my colleagues in careers outside of residency/
fellowship training, less prepared than my colleagues in
careers outside of residency/fellowship training.

Allopathic orthopaedic residency programs across the
country were solicited by email and responses were col-
lected anonymously. A total of 20 programs were contacted
based on ability to find contact information for the residents.
The responses were aggregated for each question and not
maintained on an individual basis. No funding was obtained
for this study.

Results

A total of 85 residents anonymously completed the sur-
veys in their entirety, with no partial or incomplete survey
responses. Demographically, the majority of respondents
were age 30 to 35 and married. The most highly represented
resident education levels were post-graduate year (PGY)-2
(25.8%), PGY-3 (23.4%), and PGY-4 (20.0%) (Figure 1).

When debt status was examined, the majority (42.0%) of
respondents had over $200,000 in outstanding student loans
at the time of the survey. Credit card debt was examined
separately and most of those surveyed paid their bill off in
full each period (65.9%), although nearly a quarter of
respondents carried over $1,000 of debt (21.2%). With
regards to budgeting, only 30.9% of respondents create and
stick to a monthly budget, and the majority (47.6%) do not
create any type of budget (Figure 2).

In terms of financial literacy, 71.8% of the residents sur-
veyed rated their own knowledge of finance, investing, and
savings as at or below average. When the source of their
knowledge on this topic was further explored, the majority
(50.6%) gained this information from personal or indepen-
dent research. In fact, only 4.7% reported that their informa-
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tion in finance, investing, and savings was derived from
formal lectures or meetings provided by their residency or
medical school. Finally, with regard to retirement savings,
74.1% believe they are less prepared than their colleagues
and peers in careers outside of residency or fellowship train-
ing (Table 1). Of those surveyed, almost all (83.5%) report
they would be interested in implementing formal residency
education about person finance, investing, and retirement
savings (Figure 3).

When retirement planning was examined, most (48.2%)
put no money at all towards retirement. The most commonly
cited reason for not investing in retirement was attributed to
other expenses that do not allow for saving (34.9%). Only
50.6% had knowledge of whether their institution even
offers a retirement account or matching program and 29.4%
reported no such account exists through their institution.
Program-offered advice on savings and retirement planning
was reportedly available to 35.3% of respondents (Figure 4).

Discussion

Orthopaedic surgery residents carry substantial debt
owing to multiple sources including car, home, and credit
card payments as well as educational loans, similar to find-
ings in other fields of medicine.” '> 3 In this study, the
majority of those surveyed report over $200,000 of educa-
tional debt still owed before factoring in any of the other
aforementioned loans and repayments, all in the setting of a
disproportionately low income given the years invested in
education.' The implications of this debt burden are far
reaching and influence not only factors such as stress and
burnout in the short term, but future decisions regarding sav-
ings, loan repayment timing, and retirement planning.

While a substantial portion of this debt is unavoidable,
any subsequent mismanagement of finances serves not only
to prolong or deepen the amount owed, but can prohibit
investment into retirement accounts or future savings. In our
study, over 20% of residents surveyed reported more than
$1,000 in unpaid monthly credit card debt, which is concern-
ing, considering this is precisely the type of borrowing
which needs to be addressed first.'"” Furthermore, relatively
few residents create any type of budget, a practice known to
be inversely correlated with indebtedness.’ These early mis-
takes in debt management serve to protract the fiscal chal-
lenges young physicians must manage in their career.'

Compared to age-matched peers in non-medical fields,
residents of all specialties save substantially less of their
income.’ This discrepancy is likely attributable to the signifi-
cantly higher level of educational debt and associated loan
repayments held by residents, as well as the age at which
residents can logistically begin to save. The average college
graduate enters the workforce at age 22 with a student loan
debt of $28,000 and the opportunity to begin contributions to
an employer-offered retirement plan.'* By comparison, over
42% of surveyed orthopaedic residents in this study carry
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Figure 1. Demographic Information
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Figure 1 demonstrates demographic information for survey respondents highlighting distributions in year in training, age, and marital status.

Figure 2. Resident Debt
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Figure 2 shows the current student loan and credit card debt status of respondents.

roughly seven times more educational debt, possibly explain- and 74% believe they are thus less prepared for retirement
ing why the main reason cited for not investing in a savings than their peers outside of residency training. Given the prin-
or retirement account is lack of liquid assets to do so. ciples of compound interest, a nearly 10-year delay in sav-

As a result, these residents feel meaningful contributions ings may profoundly decrease the amount that is cumula-
to life savings is not feasible until substantially later in life, tively amassed. Despite the expected high future earnings

11
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for orthopaedic surgeons, this trend towards postponed sav-
ings puts the orthopaedic surgery resident at a distinct disad-
vantage when compared to the general population.

The ramifications of increased financial stressors are
numerous and affect many other aspects of residents’ life
even beyond the management of debt repayment or retire-
ment investing. When orthopaedic surgery residents were
surveyed, a large debt burden was associated with increased

Table 1. Survey Responses

Question Response Proportion
I would rate my No knowledge 7.1%
lgnowledge of . Some knowledge 37.6%
nance, investing,
and saving as: Average 27.1%
Above average 20.0%
Very knowledgeable 8.2%
My current Previous schooling (high 22.4%
knowledge about school or formal college
personal finance, classes)
mv?stm‘g, and Personal research 50.6%
savings is
PRIMARILY from: | Lectures or meetings 4.7%
provided by my medical
school or residency
institution
I have minimal knowledge 15.3%
on this topic
Other 7.1%
With regards to More prepared than my 25.9%
retirement savings, colleagues in careers outside
I consider myself: of residency/fellowship
training (non-residents)
Less prepared than my 74.1%
colleagues in careers outside
of residency/fellowship
training

burnout and depersonalization, decreased quality of life, and
increased emotional dysfunction.'® Similarly, West et al.
found a positive correlation between increasing debt and
resident burnout, emotional exhaustion, and poor quality of
life in internal medicine.® As a complicating factor, many
residents are actually increasing their work hours in an
attempt to combat the financial and social consequences
from their building debts. In a study examining finances in
emergency medicine residents, Gaspy et al. found that 58%
of residents deemed moonlighting a necessity in order to
meet their financial needs.’

For residents, these worrisome implications in the setting
of high debt and low retirement savings are magnified by
low financial literacy. The majority of residents in our cohort
estimated that their level of financial literacy was below
average, which is supported by objective data in other stud-
ies to suggest this is likely an accurate assessment.> * For
those residents that have any knowledge about investment,
savings, and retirement investing, over 50% cited personal
research as their primary source of information. In fact, less
than 5% of respondents derive their financial knowledge
from medical school or residency lectures or meetings.

Interestingly, in this survey, orthopaedic residents were
overwhelmingly interested in building formal financial lit-
eracy training into their educational curriculum, with 83% in
favor of such a program. Previous studies indicate that per-
sonal finance training influences the manner in which resi-
dents manage their income, yet there are currently no
requirements upheld by the ACGME to implement such
education.> ¥ Providing this basic financial management
education to residents could combat the plethora of negative
consequences associated with their unique financial situa-
tion and would prepare them to enter the next phase of their
careers.

Figure 3. Resident Interest

I would be interested in learning more about personal finance, investing, and retirement savings:

& Yes ® No

Figure 3 demonstrates the percent of survey respondents who expressed interest in increasing personal financial literacy.
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Figure 4. Retirement Investing
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Figure 4 shows the percentage of programs offering retirement funds, amount of money saved for retirement each month by respondents, and the reported

reasons that the surveyed residents are not saving for retirement.
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Abstract

Background: Heterotopic ossification (HO) can occur
as a result of muscle injury and its incidence has been
noted to be associated with burns and head injury. We
have noted that heterotopic bone formation can occur at
external fixator pin sites in the thigh and pelvis. Whereas
there has been increasing use of temporary external fixa-
tion for joint-spanning or damage control purposes, the
literature is sparse on the incidence or risk factors for HO
development at external fixator pin sites and whether this
can affect quadriceps function.

Methods: A retrospective review was conducted for
patients treated with external fixators for management of
pelvic, femur, and tibia plateau fractures from 2010 to
2015. Follow-up radiographs of the affected site at a
minimum of three months following fixator removal was
required for inclusion in the study. Radiographs of 53
patients were examined for heterotopic ossification at
external fixator pin sites. When present, HO was graded
from one to three based on size. Patient data including
gender, age, and presence of head injury was documented
to assess for potential HO risk factors. Summary statisti-
cal analysis for continuous variables was performed as
well as t-tests, chi squared tests, and Fischer exact tests. A
p-value of less than 0.05 was used to deem results as sta-
tistically significant.

Results: Of the variables examined, only head injury
was found to be a statistically significant risk factor for
heterotopic ossification as it occurred in six of the nine
patients with head injury compared to only 10 of the 44
patients without head injury (p = 0.0159). No patients at
minimum of one-year follow up required excision of HO.
Overall, there was a 30.2% incidence (16/53) of HO at
external fixator pin sites. There were nine cases of grade
1 HO, six cases of grade 2 HO, and one case of grade 3
HO, and none of these required intervention for symp-
tomatic HO.

Conclusions: Heterotopic ossification, while underre-
ported in the literature, does occur at external fixator pin
sites; however, the true incidence and clinical conse-
quences have yet to be defined. Head injury was the only
variable found to increase risk for HO at external fixator
pin sites. Further study of HO at external fixator pin sites
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should include patient reported symptoms following fix-
ator removal. Correlation of patient symptoms with HO
grade may help predict need for prophylaxis for pin site
HO in the future.

Introduction

Background

Heterotopic ossification (HO) refers to the formation of
mature lamellar bone in non-osseous tissue.'> ' 1 Known
causes include neurologic injuries, burns, ventilator depen-
dence and critical illness, and skeletal trauma. Head trauma
has been shown to be an independent risk factor even in the
absence of skeletal trauma. Risk factors include duration of
immobilization and degree of spasticity in the case of neuro-
logic injury. Additionally, multiple studies have shown that
increased muscular trauma during surgical dissection
increases the risk of HO.!:¢

Heterotopic ossification has been cited to occur at rates of
30%, 17%, and 36% following total hip arthroplasty,'® ace-
tabular open reduction internal fixation,** and floating elbow
injuries,’® respectively. A case report has also described HO
at the site of distal femoral traction pins.'

Rationale

There is a lack of data regarding the occurrence of HO at
external fixator pin sites. The authors of this paper have
anecdotally noticed HO occurring at external fixator pin
sites seen on follow-up radiographs long after fixator
removal. It is unclear whether HO in these locations can
affect quadriceps function, be a source of pain, and whether
or not removal is helpful in symptomatic cases. This paper
investigates the occurrence of HO occurring at external fix-
ator pin sites as well as the risk factors and clinical
implications.

Patients/Methods

A retrospective case series study was performed in an
urban academic medical center over a five-year period from
January 1, 2010 to January 1, 2015. All external fixators
were placed during this period allowing for a minimum one-
year follow up for all patients. Approval was received from
the institutional review board to study all patients who were
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placed in pelvic, femur, or knee-spanning external fixators
during this period. This resulted in 53 patients with pelvic,
femur, or tibia plateau fractures who were placed in external
fixators and had follow-up radiographs of the affected site at
a minimum of three months following fixator removal.
External fixator pin placement was individualized based on
fracture location and morphology for all patients. Plain
radiographs were reviewed and the location and size of het-
erotopic ossification was documented when present. A grad-
ing system was created to determine whether radiographic
parameters can predict when symptomatic HO occurs. Het-
erotopic ossification was graded from zero to three as being
absent, less than 2 cm growth, between 2 and 5 cm of growth,
and greater than 5 cm of bone growth, respectively (Figures
A—C). Grade was determined by measurement of the hetero-
topic ossification in its largest dimension. Need for symp-
tomatic excision of heterotopic ossification was also docu-
mented by reviewing need for follow-up procedures at
minimum one year. Additionally, gender, age, and presence
of head injury were recorded to assess for risk factors with
head injury defined as any cranial abnormality seen on com-
puted tomography (CT) of the head. Multiple external fix-
ators on a patient were treated as separate occurrences.

Summary statistical analysis for continuous variables was
performed as well as t-tests, chi squared tests, and Fischer
exact tests where applicable. A p-value of less than 0.05 was
used to deem results as statistically significant.

Results

Heterotopic ossification at prior external fixator pin sites
was found in 16 of 53 patients (overall 30.2% incidence of
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Figure A. Grade 1 HO: 1 cm at supra-acetabular pin site in poly-trauma
patient requiring temporary stabilization with pelvic external fixator.

Figure B. Grade 2 HO: 3.8 cm at distal femur pin site following knee-
spanning external fixator for tibial plateau fracture requiring initial external
fixator and four-compartment fasciotomy.

_ S0 dmm [Imagery

Figure C. Grade 3 HO: 5 cm at supra-acetabular pin sites following tempo-
rary pelvic external fixator in poly-trauma patient.

HO at external fixator pin sites). Six of nine patients with
head injury were found to have HO at external fixator pin
sites compared to 10 of the 44 patients who did not have
injury (p = 0.0159), and this was the only statistically risk
factor found (Table 1). Neither age nor gender were found to
be risk factors.

Heterotopic ossification was recorded and documented
based on size. There were nine cases of grade 1 HO, six
cases of grade 2 HO, and one case of grade 3 HO. None of
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these patients had excision of symptomatic HO at minimum
one-year follow up.

Table 1. Heterotopic Ossification Occurrence
Compared to Other Factors

Developed
Heterotopic No Heterotopic
Ossification Ossification P Value
Had Head Injury 6 (66.7%) 3 (33.3%) 0.0159
No Head Injury 10 (22.7%) 34 (77.3%)
Discussion

Heterotopic ossification is a phenomenon known to occur
at up to 40% incidence following burns, neurologic injury,
critical illness with ventilator dependence and prolonged
immobilization, total hip arthroplasty, and acetabular and
elbow trauma.> > 13- 141618 The authors have anecdotally
noticed the occurrence of HO at external fixator pin sites and
the lack of investigation of this phenomenon in the
literature.

External fixators are an accepted treatment for early stabi-
lization of pelvic, femur, and tibia plateau fractures in poly-
trauma patients.” !> 12 Pelvic external fixators can specifically
be used to decrease hemorrhage, improve pain, and permit
early patient mobilization. Femur and knee-spanning exter-
nal fixators can be used for temporary stabilization in the
poly-trauma patient or when soft tissue or vascular injury
prevent early definitive fixation.

Despite the lack of literature describing HO at external
fixator pin sites, increased muscular trauma during surgical
exposure has been shown to increase the incidence of HO,
with an incidence or 33.3%, 36.9%, and 42.1% following
trochanteric flip, posterior, and anterior approaches to the
hip, respectively.! ¢ This may be indicative of why HO
occurs at external fixator pin sites. Basic science studies
have also shown that muscle-derived stem cells are major
osteogenic precursor cells involved in the formation of het-
erotopic ossification following trauma to muscle speci-
mens.®° This is thought to occur following muscle trauma
and upregulation of alkaline phosphatase, which is similar to
that which occurs in bone marrow derived stem cells. Trau-
matized muscle also shows increased BMP-4 and hypoxia-
inducible factor expression leading to increased angiogene-
sis through vascular endothelial growth factor transcription
and resultant osteogenesis.” !* Damaged hypoxic muscle
tissue also results in COX-2 upregulation which highlights
the role of oral HO prophylaxis with nonsteroidal anti-
inflammatory drugs (NSAIDs) to inhibit pro-inflammatory
enzymes.!” Circulating cytokines and growth factors in-
cluding interlukin-5, growth hormone, and insulin like
growth factor-1 are also implicated in the formation of HO
in critically-ill patients.'*
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There are a number of limitations to this study given its
retrospective nature. The study was limited by the data avail-
able at follow up, specifically the presence of standardized
radiographs of prior external fixator pin sites at follow up.
Femur pin sites were not routinely monitored following
removal of knee spanning external fixators, so HO was only
reported when seen on knee radiographs of tibia plateau
fractures at follow up. For this reason, it should be under-
stood that the incidence of HO at external fixator pin sites
reported in this paper is only an estimate.

The only risk factor for HO in this study was head injury.
Neurologic injury is a known risk factor for heterotopic ossi-
fication."”® Of the risk factors investigated in this study, only
head injury was found to be a significant predictor of hetero-
topic ossification at external fixator pin sites. This both
shows concordance between the findings of this paper and
prior literature, but also shows that heterotopic ossification
can still occur at pin sites in patients who do not have neuro-
logic injury as a risk factor.

This paper found a 30.2% incidence of heterotopic ossifi-
cation occurring at external fixator pin sites. This is similar
to the incidence of HO following total hip arthroplasty
(30%)'® and floating elbow injuries (36%).?

Grading of HO in this study did not predict need for exci-
sion as no patients required HO excision at one-year follow
up. The Brooker Classification has been described for HO
about the hip;* however, because it is specific to the hip joint,
a new grading system was created to determine if the size of
heterotopic ossification had prognostic value on patient
symptoms. Due to the retrospective nature of the study, the
only way to measure this was based on whether patients
required HO excision at final follow up. This is a possible
area for future study as the determination of not only the
incidence of HO, but symptomatic HO, would help guide the
need for prophylaxis with either NSAIDs or radiation ther-
apy."! This would require a standardized assessment of
patient symptoms at pin sites following external fixator
removal.

Conclusions

This paper describes the occurrence of heterotopic ossifi-
cation at external fixator pin sites, which has not been previ-
ously described in the literature. In concordance with the
literature, head injury was found to be a risk factor for the
occurrence of HO. Due to the retrospective nature of the
study, the only way to identify symptomatic HO was based
on need for excision and no patients at one-year follow up
required excision of symptomatic HO. Future studies with
standardized follow up to assess patient symptoms and stan-
dardized radiographs of external fixator pin sites would help
to correlate patient symptoms with radiographic findings
and also better quantify the incidence of HO at external fix-
ator pin sites.
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Abstract

Summary: Intraoperative neurophysiologic monitor-
ing (IONM) is widely used during the surgical treatment
of patients with adolescent idiopathic scoliosis (AIS). We
sought to determine the effect of IONM alerts on out-
comes in these patients. IONM alerts occurred in 5.3% of
patients undergoing fusion for AIS. These patients had
larger preoperative deformity, longer operative times,
more levels fused, increased estimated blood loss (EBL),
and more cell saver transfused. Outcomes for patients
having IONM alerts resulted in no permanent neurologi-
cal deficits, similar Cobb correction, and comparable
two-year SRS scores as those without alerts.

Hypothesis: Patients undergoing surgery for AIS who
experience an IONM alert have similar outcomes as to
those with no alert.

Design: Retrospective review of prospectively col-
lected multicenter database of patients with AIS with a
minimum two-year follow-up.

Introduction: Intraoperative neurophysiologic moni-
toring (IONM) is widely used during spinal fusion for
AIS. Confidence in IONM data can allow surgeons to
proceed with surgery even after an alert, assuming the
data recovers. We sought to determine the outcomes of
surgery after a significant IONM alert.

Methods: A prospectively collected multicenter data-
base was retrospectively reviewed to identify patients
with AIS who were surgically treated with IONM and had
at least two years of follow-up. Those patients who expe-
rienced a significant loss of [IONM (=50% drop in SSEPs
+ tcMEPs) were identified. Six hundred and seventy-six
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patients were divided into two cohorts: those who experi-
enced IONM changes in the lower extremities (“A”
Group) and those who did not (“NA” Group).

Results: 5.3% (36/676) of the patients experienced
IONM alerts. The alert group had larger major preopera-
tive Cobb angles (A=61 + 13°, NA=55+12°,p<0.01),
more levels fused (A =12 +2, NA= 11+ 2, p <0.01),
longer operative times (A = 357 + 157 min, NA = 298 +
117 min, p < 0.01), higher EBL (A = 1857 £ 1323 mL,
NA =999 + 796 mL, p < 0.01), and more cell saver trans-
fused (A=527£525 mL, NA=268 + 327 mL, p <0.01).
After intervention, IONM signals improved in 97%
(35/36) of patients with return of data averaging 20 min-
utes. Two procedures were aborted, one in the patient
where IONM signals did not improve initially. This
patient experienced unilateral weakness that recovered
within 72 hours. In those patients where the procedure
was completed, postoperative percent Cobb correction
(A =66 = 13%, NA = 64 + 19%, p = 0.53), percent rib
prominence correction (A = 49 + 36%, NA = 47 + 46%,
p = 0.83), and sagittal profile (A =23 + 10°, NA =22 +
2°, p = 0.58) was similar to those without an IONM
change. Two-year SRS-22 outcome scores were similar
between the two cohorts.

Conclusion: Significant IONM changes occurred in
5.3% of patients undergoing fusion for AIS. These
patients had larger preoperative deformity, longer opera-
tive times, more levels fused, increased EBL, and more
cell saver transfused. Return of IONM data guided the
surgeon to safely complete the procedure with similar
correction as to those without a change.
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Introduction

The reported incidence of spinal cord injury following
scoliosis surgery varies from 0.3% to 1.4%."> MacEwen et
al.? first evaluated this complication in a report for the Sco-
liosis Research Society (SRS) from 1965-1971, reporting a
0.72% incidence of neurologic complications. Of the 74
patients identified, 55% were reported as having a complete
paraplegia and 45% as having an incomplete injury. In 2006,
the SRS Morbidity and Mortality Committee identified a
0.5% incidence of postoperative neurologic deficits in 31 of
6,334 cases performed for AIS, none of which were com-
plete injuries.® Full recovery occurred in 61% of those
patients.

Nash et al.” introduced the technique of intraoperative
neuromonitoring (IONM) to detect spinal cord injury utiliz-
ing somatosensory evoked potentials (SSEPs) to monitor
dorsal column function in 1977. Somatosensory data are
recorded at baseline and periodically throughout the case to
monitor for changes in amplitude and latency. A decrease in
amplitude of 50—80%, or increased latency of >10% from
baseline, are considered significant for spinal cord compro-
mise.>!! SSEPs have been used in spinal deformity surgery
and have been shown to improve neurologic outcome.'>'*
However, SSEPs may be unable to detect injuries to the
descending anterior motor tracts or anterior horn leading to
high false negative rates.'> !¢

In the 1980s, motor-evoked potentials with either electri-
cal or magnetic stimulation of the cortex or spinal cord were
used to depolarize the pyramidal tract neurons to produce
compound muscle action potentials measured by needle
electrodes placed in the distal muscle groups.'”-'® Studies
have shown that transcranial motor-evoked potentials
(TcMEPs) may provide up to 100% sensitivity but may also
result in some false positive results.!”-2°

Hence, multimodality neuromonitoring with SSEPs and
tcMEPs are often used in combination to improve the sensi-
tivity and specificity of neuromonitoring in scoliosis sur-
gery.!%2"2 Kundnani et al.?® reported a sensitivity of 100%,
a specificity of 98.5%, and a positive predictive value of
85% when combined multimodality neuromonitoring was
used for the surgical treatment of AIS. Neuromonitoring
changes can occur in 13% of patients undergoing surgery for
scoliosis,!! with most recovering with appropriate interven-
tion. Confidence in IONM data may allow surgeons to pro-
ceed with surgery even after an alert, assuming the data
recover. Although the surgical procedure may be completed,
it is unclear how the outcomes compare to those patients
without an alert; determining this is the purpose of this study.

Materials and Methods

IRB approval for the study was obtained locally from
each contributing institution’s review board, and consent
was obtained from each patient prior to data collection. A
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prospectively collected multicenter database was retrospec-
tively reviewed to identify patients with AIS surgically
treated with IONM with at least two years of follow-up.

Allowing for institutional differences, patients were given
total intravenous anesthetic agents conducive to IONM, and
muscle relaxants were either not used or avoided following
exposure of the spine so as not to compromise neuromoni-
toring data. Neuromonitoring with SSEPs and tcMEPs was
performed by each individual institution’s protocol by trained
surgical neurophysiologists and was achieved successfully
in all patients. Serial monitoring was performed from the
time of positioning to the time the patient was awakened
from anesthesia in both lower and upper-extremities, with
stimulus amplitude adjusted according to each individual
patient. The upper extremities served as a neurophysiologic
control and could also be used to identify positional brachial
plexopathy. Both cortical and subcortical SSEPs were elic-
ited most commonly using the posterior tibial and ulnar
nerves. Cortical potentials were recorded from subdermal
needle electrodes attached to standard cranial locations.
Transcranial motor evoked potentials were recorded bilater-
ally, most commonly from the first dorsal interosseous mus-
cles in the upper extremity and bilaterally from the anterior
tibialis, quadriceps, and gastrocnemius muscles in the lower
extremities (specific muscle groups varied by institution).
Patients who experienced a significant loss of IONM (=50%
reduction in SSEPs and/or tcMEPs) were identified.

In those patients that experienced a critical reduction of
signals, a sequence of events was initiated based on each
individual center’s protocol and patient specifics.* The trig-
gering event was prospectively recorded as one of the fol-
lowing: hypotension, placement of instrumentation, curve
correction maneuver, anesthesia related, and other. The
intervention was also recorded in one or more of the follow-
ing categories: blood pressure elevation, wake-up test,
removal of instrumentation, reduction of correction, steroids
administered, operation aborted.

Radiographic and clinical measurements were recorded
preoperatively and at two years after surgery. Data fields
included age, gender, Lenke curve type, major coronal Cobb
angle, kyphosis (T5-T12), rib prominence, number of levels
fused, osteotomies performed, operating time, estimated
blood loss (EBL), and volume of cell saver blood
transfused.

The patients were divided into two cohorts: those who
experienced IONM changes in the lower extremities (“A”
Group) and those who did not experience an alert (“NA”
Group). Patients with an upper extremity alert or those
undergoing intraoperative traction were excluded. The two
cohorts were compared using clinical and radiographic mea-
sures. Statistical analysis was performed using SPSS 12.0.2
statistical package (SPSS Inc., Chicago, IL). Results were
reported as means =+ standard deviation (SD) with a signifi-
cance level of less than 0.05.
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Results

Patient Demographics (Table 1)

Six hundred and seventy-six patients were identified, of
which 81.2% of the patients were female. The plurality of
the curves (42.9%) were Lenke type 1, followed by Lenke
type 2 (23.4%), Lenke type 5 (13.6%), Lenke type 6 (10.2%),
Lenke type 3 (6.4%), and Lenke type 4 (3.6%). The average
major Cobb angle for the cohort was 58° + SD, with an aver-
age kyphosis from T5-T12 of 23° £ SD. The majority of the
patients (76.8%) underwent posterior single column
osteotomies.

Table 1. Patient Demographics

Patients (N) 676
Females N (%) 542 (81.2)
Lenke Type N (%)
1 290 (42.9)
2 158 (23.4)
3 43 (6.4)
4 24 (3.6)
5 92 (13.6)
6 69 (10.2)
Ponte Osteotomy N (%) 519 (76.8)
Major Cobb (°) 58
Kyphosis (T5-T12) (°) 23

Alert vs. No Alert Comparison (Table 2)

Thirty-six of the patients (5.3%) experienced IONM
alerts. The alert (“A”) group had larger preoperative main
Cobb angles than the no-alert (“NA”) group (A = 61 + 13°,
NA=55+12° p<0.01), more levels fused (A=12£2, NA
=11 £ 2, p < 0.01), longer operative times (A = 357 + 157
min, NA =298 £ 117 min, p < 0.01), higher EBL (A = 1857
+ 1323 mL, NA =999 £ 796 mL, p < 0.01), and more cell
saver blood transfused (A = 527 + 525 cc, NA = 268 + 327
cc, p < 0.01). The frequency of posterior column osteoto-
mies were similar between the two groups (A = 83.3%, NA
=175.3%, p = 0.32). After the intervention in response to the
alert, IONM signals improved in 97% (35/36) of patients
with the time for return of data averaging 20 minutes. In
those patients where the procedure was completed, postop-

Table 2. Comparison Alert vs. No Alert

No Alert
Alert “A” “NA” P-value

Patients N (%) 36 (5.3) 640 (80.1) —
Levels Fused 12+£2 11+2 <0.01
EBL (cc) 1857 + 1323 999 + 796 <0.01
Cell Saver Transfused (cc) 527 £ 525 268 £ 327 <0.01
Ponte Osteotomy N (%) 30 (83.3) 482 (75.3) 0.32
Operative Time (min) 357+ 157 298 £ 117 <0.01
Pre-op Main Cobb (°) 61+13 55+12 <0.01
2 Yr Post-op Cobb %

Correction (%) 66+ 13 64+ 19 0.53
2 Yr Rib Prominence %

Correction (%) 49+ 36 47+ 46 0.83
2 Yr Post-op Thoracic Kyphosis

(T5-T12) (°) 23+10 2242 0.58
2 Yr Post-op SRS Total Scores 44+05 45+04 0.51
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erative percent main Cobb correction (A = 66 + 13%, NA =
64 + 19%, p = 0.53), percent rib prominence correction (A =
49 + 36%, NA = 47 + 46%, p = 0.83), and sagittal profile
(A=23+£10° NA=22+2° p=0.58) were similar to those
without an IONM change. In addition, two-year SRS-22
patient reported outcome scores were similar between the
two cohorts.

Triggering Event (Table 3)

The surgeon reported triggering event for the alert
included: placement of implants in eight patients (22.2%),
hypotension in seven patient (19.4%), curve correction
maneuvers in six patients (16.7%), anesthesia related events
in two patients (5.6%), “other” events in six patients (16.7%),
and were unknown or not reported in seven patients (19.4%).

Table 3. Triggering Event

Triggering Event N (%)
Placement of Instrumentation 8(22.2)
Hypotension 7(19.4)
Curve Correction Maneuvers 6 (16.7)
Other 6(16.7)
Anesthesia Related 2 (5.6)
Not Reported 7(19.4)

Intervention (Table 4)

The majority of IONM signals improved by increasing the
mean arterial pressure in 22 patients (61%). Ten patients
(28%) underwent a Stagnara wake-up test, seven patients
(19%) underwent removal of instrumentation, three patients
(8%) had release of their correction, three patients (8%)
were administered steroids, and two procedures (6%) were
aborted (one in which IONM signals did not return).

Table 4. Intervention

Intervention N (%)
BP Elevation 22 (61)
Wake-up Test 10 (28)
Removal of Instrumentation 7(19)
Reduction of Correction 3(8)
Steroids Administered 3(8)
Operation Aborted 2 (6)

SRS-22 Scores (Table 5)

Preoperatively, the two groups had similar SRS-22 scores
in all categories except for satisfaction, where the alert group
had higher satisfaction scores (A =4.1 + 0.90, NA =3.67 +
0.94, p = 0.02). Postoperatively, the two groups had similar
SRS-22 scores in all categories including total scores (A =
441+£047, NA=4.47+0.42,p=0.43).

Aborted Procedures

Of the two cases that were aborted, one of the patients had
return of signals. In this patient, motor signals were lost but
returned after blood pressure was increased; however, the
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Table 5. SRS-22 Scores

Preoperative Mean £ SD (range) 2 Year Postoperative Mean + SD (range)
Alert “A” No Alert “NA” P-value Alert “A” No Alert “NA” P-value
Pain 4.00 +0.62 4.10+0.69 0.34 432+0.73 4.44 +£0.56 0.37
Self-Image 3.44+0.82 3.41£0.67 0.82 448 +£0.49 4.46 £ 0.54 0.84
General Function 4.34+0.64 4.46 £ 0.54 0.29 4.61+0.59 4.68 +£0.43 0.52
Mental Health 3.93+£0.74 4.04£0.70 0.38 4.13£0.67 4.28 +£0.68 0.23
Satisfaction 4.10+£0.90 3.67+0.94 0.02 4.73 £0.44 4.61 £0.64 0.14
Total 3.92+0.52 3.96 +£0.47 0.66 441047 4.47+0.42 0.43

surgeon decided to abort the procedure and complete it at a
later date. In the other case, motor signals were lost and did
not return. A wake-up test was performed and the patient
was noted to have right lower extremity weakness. The case
was aborted, and the patient recovered full power of her
right lower extremity within 72 hours.

Discussion

Given the known risk of neurological compromise during
complex spinal surgery, IONM aids the surgeon by provid-
ing real time data on the patient’s neurologic status. The goal
of IONM is to prevent neurologic injury and permit change
of intraoperative strategy to minimize or reverse any deficit.
The advent of IONM also potentially allows for more
aggressive maneuvers than might otherwise have been
undertaken such as maximal deformity correction. Our
results show that the majority of posterior spinal fusions for
AIS can be completed safely with the help of IONM, and
even when an alert is detected, those patients have similar
clinical and radiographic results to those patients who did
not experience a change in [IONM.

In 2002, Noonan et al.” attempted to determine the factors
related to changes in SSEPs with or without motor evoked
potentials in a retrospective review of patients with AIS
undergoing surgery. False-positive readings were found in
4.5% of the patients and was seen more frequently in those
patients with labile mean arterial pressures; they recom-
mended using the Stagnara wake-up test when threshold
monitoring changes occur due to the possibility that spinal
cord injury may exist even when monitored values return to
baseline. However, others argue that the wake-up test is not
effective at identifying subtle weakness, timing, or location
of injury, especially in those patients who are unable to fol-
low commands due to intellectual/developmental disabilities
or preoperative weakness.”® In addition, the wake-up test
risks self-extubation, loss of IV access, loss of positioning,
air embolus, and/or event recollection.?

In 2010, Vitale et al.!! studied the clinical factors associ-
ated with IONM changes utilizing multimodality IONM in
162 pediatric patients undergoing fusion for scoliosis and
reported an incidence of changes in 13% of their patients.
They identified cardiopulmonary comorbidity as an inde-
pendent risk factor for sustaining a change and found the
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most common cause of an alert was curve correction fol-
lowed by hypotension. Our study showed different results,
with placement of instrumentation followed by hypotension
being the most common causes of neuromonitoring changes.
Their paper included patients with congenital scoliosis, thus
tempering direct comparison. In the same year, Kamerlink et
al.”” assessed the risk factors for neuromonitoring changes in
consecutive pediatric and adult spinal deformity patients
treated at a single institution. They found that in patients
with scoliosis, neuromonitoring changes increased with
larger BMI, EBL, operative time, and postoperative coronal
thoracolumbar curve magnitude. Our study showed similar
results, with neuromonitoring changes occurring in patients
with longer operative times, higher EBL, and more cell
saver transfused. It is important to note that intraoperative
alerts may have caused extended operative times, due to
surgeons spending time identifying and treating the neuro-
monitoring changes, and in general proceeding cautiously.
In 2012, Feng et al.?® evaluated the efficacy of multimodal
IONM for predicting iatrogenic neurologic injury during
correction of spinal deformity and evaluated the risks factors
for neuromonitoring changes. They found that multimodal
IONM can predict events of neurologic injury and, with
adjustment of surgical strategy, help prevent irreversible
deficits. They found that surgeries involving an osteotomy
procedure, correcting kyphosis, and a preoperative Cobb
angle of more than 90° were risk factors for possible neuro-
monitoring changes. Our study showed similar results where
patients with larger preoperative main Cobb angles and more
levels fused were more likely to experience an IONM alert.
Unlike their paper, we did not find an association between
increased alerts and osteotomies, likely because the highest
grade in our cohort was a Ponte, versus the more aggressive
pedicle subtraction osteotomy in the Feng et al. series.
Although many studies have evaluated the efficacy and
risk factors of IONM, to our knowledge, this is the first study
to analyze the radiographic and clinical outcomes of those
patients with neuromonitoring alerts. We anticipated that
following the IONM change and appropriate surgical
response, surgeons may be more cautious with respect to
correction or some might abort the procedure even after the
return of signals. Interestingly, in those patients who experi-
enced an alert, postoperative percent main Cobb correction,
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percent rib prominence correction, and sagittal profile were
similar to those without an IONM alert. In addition, two-
year SRS scores were similar between the two cohorts. This
suggests that IONM is not only beneficial at preventing
postoperative neurological injury but also reassures the sur-
geon that she or he may often be able to continue the case
without the need to abort and can generally achieve similar
correction in all three planes, with similar HRQoL outcomes
in those patients who experience alerts.

The current study was limited because it was a retrospec-
tive review of a prospectively collected multicenter data-
base. Due to the multicenter nature of the study, some vari-
ability in anesthesia protocols exist, and surgeons performed
different interventions when an alert was encountered. How-
ever, this may better represent the diverse surgical practices
involved with modern scoliosis surgery. In addition, the
multiple centers were required to collect enough patients for
a meaningful analysis.

In conclusion, significant IONM changes occurred in
5.3% of patients undergoing posterior spinal fusion without
intraoperative traction for AIS. These patients had larger
preoperative deformity, longer operative times, more levels
fused, increased EBL, and more cell saver transfused. Out-
comes for patients having IONM alerts resulted in no perma-
nent neurological deficits, similar correction in all three
planes, and comparable two-year SRS scores as those with-
out alerts.
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Abstract

Introduction: Robotic-assisted total hip arthroplasty
(THA) is a more and more common method of cup
implantation in the United States. The technique is being
advertised as a way to improve accuracy in acetabular
component placement. This is thought to improve out-
comes and survivorship in current THAs. Prior studies
have demonstrated the benefits of robotic assistance and
have recommended that practicing orthopaedists who are
not “high volume” joint reconstructive surgeons may
benefit from using the robot. This study aims to compare
the radiographic and clinical outcomes of manual versus
robotic assisted total hip arthroplasty.

Methods: One hundred and two conventional manual
THAs were retrospectively compared to 102 robotic
assisted THAs. The groups were matched for age, sex,
BMI, rates of DM, and rates of HCV/HIV. The variables
analyzed included operating room (OR) time, estimate
blood loss (EBL), acetabular component version and
inclination, length of stay (LOS), early dislocation and
need for early revision. The student t-test was used to
compare means across groups.

Results: See table for complete results. OR time was
39 minutes longer in the robotic-assisted THA (RA)
group. EBL was 220 mL more in the RA group. Both of
these data were statistically significant (p < 0.05). The
readmission rate for the RA group (8.8%) was signifi-
cantly greater in the RA group. No differences were found
in anteversion and inclination between groups. LOS and
rates of early revision were not different between the two
cohorts.

Discussion and Conclusion: These data suggest no
improvement in outcomes with robotic-assistive technol-
ogy in total hip arthroplasty. Increases in OR time, EBL,
and readmission rates were significantly higher in the
robotic-assisted cohort. When the first 50 (chronologi-
cally) RA THAs were removed from the data set, neither
EBL nor OR time differed significantly from the manual
group. This suggests a learning curve is present for RA
total hip arthroplasty and that the low volume surgeon
may need to use caution prior to considering initiating a
robotic-assisted arthroplasty program at their institution.
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Introduction

Robotic-assisted surgery is becoming increasingly popu-
lar in many surgical specialties and orthopeadics is follow-
ing suit. Computer navigation has enabled robotic systems
to “view” patients in a three-dimensional way enabling coor-
dinated surgeon robot collaboration. The importance of ace-
tabular cup position (acetabular anteversion and inclination)
in total hip arthroplasty (THA) has been shown time and
time again. Robotic systems have been developed in an
attempt to minimize variability in cup placement and
improve acetabular component position accuracy.

Multiple robotic systems are available across the globe.
Each of these uses a reference point system to establish
where the patient is in space. The surgeon positions the robot
through a series of reference points and, when there is con-
firmation of accuracy through check points, the robotic arm
allows for single stage reaming and placement for the ace-
tabular component within a predetermined (through pre-op
planning) location. These systems are advertised to improve
outcomes and eliminate inaccurate cup placement.

No studies of this sample size are available in the litera-
ture that examine the outcomes of robotic-assisted (RA)
total hip arthroplasty when compared to standard conven-
tional cup placement manually. The purpose of this study
was to provide objective data to compare RA THA and con-
ventional THA outcomes, both radiographic and clinical, in
a high-volume center.

Materials and Methods

All patients undergoing elective total hip arthroplasty dur-
ing a four-year period were evaluated retrospectively for
inclusion in this institutional review board (IRB) approved
chart-review study. The study population was generated
from a single high-volume center and operated on by a sin-
gle joint replacement surgeon over a four-year period during
which a robotic total hip replacement program was started.
A standard posterior surgical approach to the hip with
the patient in the lateral decubitus position was utilized
for all patients and 2 grams cephalosporin was given pre-
operatively and two more doses post-operatively for prophy-
laxis against infection. The inclusion criteria included those
patients undergoing primary elective THA, minimum of six
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months of follow-up, and all patients must have available
antero-posterior (AP) radiographs of the pelvis. Exclusion
criteria included those patients who underwent THA second-
ary to trauma, those patients lost to follow-up, and those
undergoing revision surgery.

Two groups were generated from these patients. The con-
trol group was made up of 102 patients who underwent
conventional THA with manual cup placement. The experi-
mental group was made up of 102 patients who underwent
RA THA with robotic-assisted cup placement. The groups
were matched for demographic information including age,
sex, and body mass index (BMI). Groups were analyzed on
medical comorbidities including smoking status, human
immune deficiency virus positive and/or hepatitis C positive
patients, and presence of diabetes mellitus.

Clinical outcomes including operative time, estimated
blood loss, American Society of Anesthesia (ASA) physical
classification system, acetabular component position (ante-
version and inclination), length of stay in the hospital, and
readmission rates were collected for both groups. Operative
time, ASA, and estimated blood loss were collected from the
intra-operative anesthesia record. Length of stay, early dislo-
cations, readmissions, and need for early revision were
obtained from a comprehensive review of the electronic
medical record.

Acetabular component position was measured using pre-
viously validated methods. The method described by Liaw et
al. measures anteversion on an AP pelvis radiograph. Two
measurements (S and TL) are used for calculations. S is the
short axis of the ellipse in the acetabular component and TL
is the total length of the projected cross-section of the com-
ponent along its short axis. The ratio of S/TL is then used to
convert to a corresponding anteversion in a standardized
table. These measurements were then confirmed using the
method described by Lewinnek et al. where anteversion =
arcsin (short axis/long axis). These measurements can be
made easily in the PACS imaging system. Using the same
AP pelvis radiograph and the method described by Lewin-
nek et al., inclination is the angle between the line on which
the long axis of the ellipse is located and the inter-teardrop
line.

The two groups were compared using univariate analysis
and, where applicable, the two sample independent t-test
was used to compare means across the groups. Categorical
variables (non-numerical) were analyzed across groups
using the chi-squared test. A p-value of <0.05 was used to
establish statistical significance. All statistical analysis were
conducted using the SAS® 9.4 interface.

Results

Two-hundred and four patients (204) met the inclusion
criteria and were included in the study. Demographic infor-
mation and medical comorbidities of patients in each group
are summarized in Table 1. Males represented 52.7% of the
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Table 1. Demographics and Medical Comorbidities
Between Groups

Manual Group Robotic-Assisted Group
Total No. 102 102
Mean Age 62.8 61.9
Mean BMI 29.1 31.6
HCV/HIV (%) 13 16
Diabetes (%) 18 22
Smoking Status (%) 41 50

study population with no difference between the manual
group and the RA group. No differences existed between the
two groups with respect to age, BMI, HCV/HIV status, rates
of diabetes and smoking status.

Table 2 summarizes the data collected from the operating
room and includes analysis across the groups for any statisti-
cal differences (*). The mean ASA was similar between
groups. Operative times were significantly longer for the RA
THA group (p = 0.032) and estimated blood loss was signifi-
cantly greater in the RA THA group (p = 0.022).

Table 2. Operating Room Data

OR Statistics
Robotic-
Manual Assisted Difference
Group Group (p-Value)
Mean ASA 2.4 2.7
OR time (mins) 127 +37.3 166.2 +40.2 39*% (p =0.032)
EBL (mL) 372+474 592 +45.5 220* (p =0.022)

Table 3 illustrates the radiographic measurements of ace-
tabular anteversion and inclination. The manual group had
an average anteversion of 18.1 + 6.1 degrees and an inclina-
tion of 39.3 + 8.3 degrees. The RA THA group had an aver-
age anteversion of 20.8 + 7.2 degrees and an inclination of
40.3 £ 5.6 degrees. Neither of these values had a difference
that was statistically significant (anteversion p = 0.431, incli-
nation p = 0.674).

Table 3. Radiographic Measurements from
Anteroposterior X-rays

Radiographic Data
Robotic-
Manual Assisted Difference
Group Group (p-Value)
Anteversion (degrees) 18.1+6.1 20.8+7.2 2.7(p=0.431)
Inclination (degrees) 393+83 403+£5.6 1 (p=0.674)

Table 4 summarizes the post-operative course for patients
in each group. The average length of stay for the manual
group was 3.2 £+ 1.7 days while the robotic group had a LOS
of 2.4 £ 1.4 days (p < 0.033). The readmission rate for the
manual group was 4.9% (5/102) and 8.8% (9/102) for the
RA group (p = 0.048). The dislocation rates for each group
were identical at 1.9% (2/102) and each group had only one
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Table 4. Clinical Data from Post-Operative Course

Clinical Data
Robotic-

Manual Assisted Difference

Group Group (p-Value)
LOS (days) 32+1.7 24+14 0.8* (p=0.033)
Readmissions 5/102 (4.9%) 9/102 (8.8%) 4* (p =0.048)
Dislocations 2/102 (1.9%) 2/102 (1.9%) ~
Revision within

six months 1/102 (0.98%) 1/102 (0.98) ~

early revision (revision within six months) which repre-
sented 0.98% (1/102).

To determine if there was a correlation between OR time
and RA THA chronologically, each case was plotted and
analyzed using the Kendall Tau b Correlation test. The p =
0.043 suggests that there was a significant association
between the date of the RA THA and the OR time.

Discussion

With the numbers available, no significant differences
were found with regard to the distribution of patients in
either group with regard to age (p = 0.911), gender (p =
0.144), BMI (p = 0.967), medical comorbidities, disloca-
tions, and acetabular component position (anteversion p =
0.431, inclination p = 0.674). The percentage of patients
with HIV/HCV (14.5%) and with diabetes (20%) was higher
than in any study of similar design demonstrating the high
risk nature of the patient population. There were a number of
significant differences between the groups with regard to OR
time (p = 0.032), EBL (p = 0.22), readmission rate (p =
0.048) and length of stay (0.033).

There was a notable learning curve associated with the
initiation of a robotic-assisted THA program. The Kendall

tau b correlation test (p = 0.043) demonstrates a correlation
between the months after initiation of a robotic-assisted total
hip replacement program and the OR time. The initial OR
time for the first 51 (chronologically) RA THAs was signifi-
cantly longer that the second 51 in the sample (p = 0.034).
When the second 51 THAs were compared with the manual
group, the difference in OR time was only 17 minutes and
the EBL was only 50 mL greater. Neither of these differ-
ences were significant (OR time p = 0.347 and EBL p =
0.089).

The data in this study did not suggest robotic-assisted
total hip arthroplasty provides the surgeon with a more accu-
rate and precise method for acetabular cup placement. There
was no difference between groups in cup placement. Using
the “zone of safety” suggested by Lewinek, both groups
average anteversion and inclination were within range.

Initiation of a robotic-assisted total hip replacement pro-
gram takes time. The data in this study suggests that sur-
geons with low volume hip replacement must use caution
when attempting to utilize the robotic-assisted technology
due to a significant learning curve. High volume joint
replacement surgeons are placing acetabular components
with very high precision and reproducibility. The increase in
OR time may be unattractive to host institutions.

At the time of the conclusion of this study, only about half
of the robotic-assisted total hip arthroplasties completed at
the host institution met inclusion criteria for follow-up of at
least six months. A follow-up review of the subsequent
patients will be published in the future.

This study had a few limitations. It was a retrospective
chart review at one center with one surgeon. The length of
follow-up for clinical outcomes was only six months in this
initial data review. The study only included those cases
where robotic-assisted implantation of the acetabular com-

Graph 1. Effect of Experience on OR Time
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ponent was not aborted. Those cases where robotic implan-
tation was deemed impossible intra-operatively were
excluded from the study which may effect the data if
included in analysis. No intra-operative complications were
observed in either group.
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Abstract

Purpose: Excessive blood loss with hip fracture man-
agement has been shown to result in increased rates of
complications. Whereas traditional teaching is that extra-
capsular hip fractures (EC) have more blood loss preop-
eratively (i.e., “hidden”) than intracapsular fractures (IC),
this difference, the degree of difference, and difference in
transfusion rates have not been well-studied in the litera-
ture. Our goal is to compare blood loss and transfusion
rates between patients with intracapsular and extracapsu-
lar (both intertrochanteric and subtrochanteric) hip
fractures.

Methods: Four hundred and seventy-two patients were
evaluated retrospectively at a level 1 trauma center over a
five-year period from January 1, 2010 to December 31,
2014. All adult patients who presented to the hospital
with a proximal femur fracture (femoral neck, intertro-
chanteric (IT) or subtrochanteric fracture (ST)) were con-
sidered for this study. Subjects were identified using CPT
codes. Exclusion criteria included polytrauma, a con-
comitant lower extremity or pelvic fracture, gunshot inju-
ries, periprosthetic fractures, and non-operative manage-
ment. Primary endpoint was hemoglobin (Hgb) drop
from admission to day of surgery (DOS); secondary end-
point was need for pre-op transfusion and discharge loca-
tion. Statistical significance was defined as a p-value
<0.05.

Results: Following application of exclusion criteria,
we were able to analyze data from 304 patients who sus-
tained either an intracapsular or extracapsular hip frac-
ture. Median IC Hgb drop was 0.6 g/dL, while median
EC Hgb drop was 1.1 g/dL from admission to DOS. This
was statistically significant with a p-value of 0.0272. Rate
of pre-operative transfusions was significantly higher in
EC fractures (36/194 = 18.6%) compared to IC fractures
(5/105 =4.5%) (p = 0.0006), and overall transfusion rates
remained significantly higher throughout hospital stay
(55.7% EC vs. 32.7% IC; p=0.0001). Further breakdown
of admission to DOS IT Hgb loss (1.12 g/dL) and ST Hgb
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loss (1.30 g/dL) was not clinically significant (p = 0.07).
Further breakdown of transfusion in IT (94/168 = 56%)
and ST fractures (16/25 = 64%) was also not clinically
significant (p = 0.4483). Extracapsular hip fracture
patients were more likely to be discharged to a skilled
nursing facility (SNF) than intracapsular patients (84.4%
EC vs. 73.8% IC; p = 0.027).

Conclusion: Intracapsular hip fractures have sig-
nificantly less pre-operative blood loss and fewer pre-
operative transfusions than their extracapsular counter-
parts. With the trend toward hospitals establishing hip
fracture treatment protocols, these findings can be used to
establish appropriate pre-operative resuscitative efforts,
ensuring that protocols account for the increased likeli-
hood of blood loss in extracapsular fractures.

Keywords: Hip fractures, anemia, blood loss, intertro-
chanteric fracture, femoral neck fracture, subtrochanteric
fracture.

Introduction

Hip fractures in the elderly are common, with more than
250,000 people sustaining hip fractures annually in the
United States. The National Osteoporosis Foundation esti-
mates over 500,000 hip fractures will occur annually by
2040." Excessive blood loss after long bone fractures have
been shown to result in increased complications,'” but cur-
rent studies have not addressed the fracture pattern which
poses the greatest risk of blood loss anemia following injury.
If we were able to better identify which fracture patterns
have a greater risk for blood loss, resuscitative efforts may
be improved and modified in order to minimize morbidity
associated with blood loss.

Intracapsular hip fractures account for 45% of all acute
hip fractures, while intertrochanteric fractures account for an
additional 45%.' For anatomic reasons, historical belief
is that intracapsular fractures tend to have a smaller pre-
operative hemoglobin drop than extracapsular fractures. In
the clinical setting, it is common to see a patient with a hip
fracture present with a low postoperative hemoglobin level
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that is largely unexplained by the operative blood loss.® Most
of this blood loss is felt to occur preoperatively,'* and up to
80% of this blood loss may be unaccounted for by medical
teams.'® Preoperative anemia is a risk factor for periopera-
tive death'* and need for blood transfusions.* ' '® Alterna-
tively, higher postoperative hemoglobins have been associ-
ated with better overall outcomes® and shorter hospital
stays.’

Whereas traditional teaching is that extracapsular hip
fractures (EC) have more hidden blood loss preoperatively
than intracapsular fractures (IC), this difference, the degree
of difference, and transfusion rates have not been well-
studied in the literature. Our goal is to compare blood loss
and transfusion rates between patients with intracapsular
and extracapsular (intertrochanteric and subtrochanteric) hip
fractures and assess patients to accurately identify those at
risk for perioperative anemia based on fracture type, medical
co-morbidities, and time to surgery in an effort to minimize
any associated complications.

Methods

A retrospective study was performed at a level 1 trauma
center over a five-year period from January 1, 2010 to
December 31, 2014 where 472 patients with hip fractures
were evaluated. All adult patients who presented to the hos-
pital with a proximal femur fracture (femoral neck, intertro-
chanteric or subtrochanteric fracture) were considered for
this study. A subtrochanteric femur fracture was considered
any fracture within 5 cm of the lesser trochanter — per AO
guidelines. Subjects were identified using the CPT codes
27235, 27236, 27244, 27245. Exclusion criteria included
polytrauma patients, any patient who had a concomitant
lower extremity or pelvic fracture, gunshot injuries, peri-
prosthetic fractures, pathologic fractures, patients with
delayed presentation (>24 hours), and fractures treated non-
operatively. Patients who did not have an available elec-
tronic medical record (EMR) or were missing key data
points (hemoglobin values, operative note, etc.) were also
excluded.

Following application of exclusion criteria, we were able
to analyze data from 304 patients who sustained either an
intracapsular or extracapsular hip fracture. All patients were
followed from the time of admission/injury until time of
discharge from orthopedic care. Epidemiological informa-
tion, as well as mechanism (high vs. low energy), fracture
type and fixation type were collected. Hemoglobin values
were analyzed from admission complete blood count (CBC)
taken at time of initial presentation and then via daily AM
CBC or hemoglobin and hematocrit (H&H) — all AM labs
are drawn at 4 AM. Additional labs in the form of PT, PTT
and INR were used to assess possible risk factors to increased
blood loss. The primary endpoint for the study was hemo-
globin (Hgb) drop from admission to day of surgery. Sec-
ondary endpoint was a need for pre-operative transfusion.
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Statistical analysis was undertaken using both parametric
(t-test and Analysis of Variance) and non-parametric (Wil-
coxon and Kruskal-Wallis) testing. Chi Square analysis was
used for need for transfusion and discharge location. Non-
parametric analysis was used for Hgb drops from admission
to day of surgery, time to surgery and Hgb drop in patients
receiving transfusion. Statistical significance was defined as
a p-value <0.05.

Results

Four hundred and seventy-two patients received surgical
intervention during this time period, of which 168 were
excluded due to: polytrauma patients (80), concomitant
lower extremity or pelvic fracture (four), gunshot injuries
(29), periprosthetic fractures (12), pathologic fractures (10),
delayed presentation (>24 hours) (23), and fractures treated
nonoperatively (zero). Patients who did not have an avail-
able electronic medical record (EMR) (two) or were missing
key data points (hemoglobin values, operative note, etc.)
were also excluded (eight). Majority of patients missing data
points (6/8) were due to transfers from outside hospitals
where we did not have access to initial labs, or pre-surgical
Hgb was not drawn (2/8). This left 304 patients for statistical
analysis. Of these 304 patients, 110 had intracapsular hip
fractures and 194 had extracapsular hip fractures. The extra-
capsular hip fractures were further divided into 168 intertro-
chanteric (IT) and 26 subtrochanteric (ST). Per standard hip
fracture protocol, admission labs were drawn prior to IV
fluid administration, and patients were all started on IV
maintenance fluids at midnight of the first hospital day due
to being NPO for surgery (even if not medically cleared at
the time). All patients received chemical DVT prophylaxis at
time of presentation at our institution (lovenox or heparin
— depending on renal function). Refer to Table 1 for com-
plete demographic information.

To estimate blood loss, admission hemoglobin was com-
pared to pre-surgery hemoglobin through subtraction of the
pre-surgery hemoglobin from the admission hemoglobin.
Time to surgery was calculated between the two groups and
was found to be statistically insignificant (28.8 hours in IC
vs. 27.5 hours IT and 27.0 hours in ST; p = 0.716). The Wil-
coxon test was used for comparison of the admission hemo-
globin minus the pre-surgery hemoglobin for intracapsular
vs. extracapsular hip fractures. Median intracapsular Hgb
drop was 0.6 g/dL, while median extracapsular Hgb drop
was 1.1 g/dL from admission to day of surgery. This was
statistically significant with a p-value of 0.0272. This rejects
our null hypothesis and states more Hgb was lost from
admission to surgery in extracapsular fractures compared to
intracapsular fractures, and therefore suggests that there is
more blood lost from extracapsular hip fractures than intra-
capsular hip fractures. Further breakdown shows IT Hgb
loss (1.12 g/dL) and ST Hgb loss (1.30 g/dL) (p = 0.07).
Refer to Table 2 and Figure 1 for complete breakdown of
Hgb changes and histogram representation of such changes.
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Table 1. Patient Demographic Data

No. of Patients 304
Age (years) 74.0 £ 14.4
Gender
Female 181 (59.5%)
Male 123 (40.5%)
Discharge location
SNF/Rehab 241 (79.3%)
Home 58 (19.1%)
Unknown 5 (1.6%)
Injury Statistics
Fracture Location
Intracapsular 110 (36.2%)

Extracapsular 194 (63.8%)
Extracapsular Fracture Breakdown

Intertrochanteric 168 (86.6%)

Subtrochanteric 26 (13.4%)

Summary of patient demographic data including age ranges and gender, as
well as injury statistics including site of injury and fracture classification.

The two categorical variables (intracapsular and extracap-
sular) were assessed relative to whether the patient received
a blood transfusion pre-operatively, and separately through-
out their hospital stay. Strict transfusion protocols are
adhered to at our institution and patients are transfused if
Hgb <7 mg/dL or <8 mg/dL if symptomatic (tachycardia)
— patients are transfused a single unit at a time. Transfusion
analysis was conducted using the Chi-Square test. The rate
of pre-operative transfusions was significantly higher in EC
fractures (36/194 = 18.6%) compared to IC fractures (5/105
=4.5%) (p = 0.0006). For the entirety of their hospital stay,
32.7% of 1C patients, (36/110 patients) received a transfu-
sion. In contrast, 55.7% of EC patients (108/194 patients)
received a transfusion (p = 0.0001). Therefore, we can con-
clude that not only is the amount of blood loss in extracapsu-

Table 2. Summary Statistics and Significance Testing for Pre-surgical Blood Loss for Intracapsular and Extracapsular Fractures

Statistical
Classification Variable N Mean StdDev Min Q1 Median Q3 Max p-Value Method
Admission Hgb minus
Pre-Surgery Hgb, by 0.0238 Wilcoxon
Intracapsular
Extracapsular 194 1.14 1.25 -2.80 0.20 1.10 1.90 5.50
Intracapsular 110 0.93 1.23 -1.10 0.00 0.60 1.60 5.90
Admission Hgb minus
Pre-Surgery Hgb, by 0.0709  Kruskal-Wallis
Extracapsular
IT 168 1.11 1.19 -2.80 0.25 1.10 1.85 5.10
ST 26 1.30 1.59 —-0.50 0.00 0.80 2.00 5.50
Intracapsular 110 0.93 1.23 -1.10 0.00 0.60 1.60 5.90
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Figure 1. Histogram representation of the pre-surgical hemoglobin changes in all patients.
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lar fractures more significant, but also that the require-
ment for transfusion is also significantly higher in the pre-
operative period. Further breakdown of transfusion rates in
IT (92/168 = 54.8%) and ST fractures (16/26 = 61.5%) was
not clinically significant (p = 0.4483). Refer to Table 3 for
summary of transfusion rate demographics and results.

Finally, the two categorical variables (intracapsular and
extracapsular) were assessed for discharge location to deter-
mine if a fracture pattern would be more likely to require
further rehab. 84.4% (162/192) of the extracapsular patients
were discharged to a SNF while only 73.8% (79/107) of the
intracapsular patients were discharged to a SNF (p = 0.027).
Further breakdown of extracapsular fractures show that
86.7% (144/166) of the IT patients are discharged to a SNF
while only 69.2% (18/26) and 73.8% (79/107) of the ST and
intracapsular patients (respectively) are discharged to a SNF
(p =0.0096).

Discussion

Hidden blood loss from a fracture after injury and/or fol-
lowing surgery has been a matter of debate. Anemia in the
peri-operative patient has been shown to produce poorer
functional scores and decrease a patient’s ability to walk
independently. This, in turn, is theorized to affect their abil-
ity to participate in post-operative rehabilitation, further
increasing their complications post-operatively.’ A study
from Denmark addressing the “hidden” blood loss affer hip
fracture surgery had unaccounted blood losses anywhere

from 547 mL (screws/pins) to 1437 mL (intramedullary hip
nail and screw).* Orthopaedic surgeons underestimate the
amount of blood loss occurring before and during surgery,
and as previously mentioned, up to 80% of this loss may be
unaccounted for by medical teams.'® Unfortunately, there are
insufficient high-quality studies to inform practitioners in
regards to pre-operative blood transfusions in intracapsular
or extracapsular fractures."?

Studies determining pre-operative blood loss between the
two fracture types are also insufficient to guide clinical prac-
tice. Most are extrapolated from studies for different pur-
poses. A study from the UK assessed femoral head blood
flow for avascular necrosis between intracapsular and extra-
capsular hip fractures. They found that a tamponade effect
does occur in intracapsular fractures. This was determined
by measuring intra-osseus pressures in both intraccapsular
and extracapcular fractures, where it determined an increased
intra-osseus pressure in the intracapsular fractures was due
to the intact capsular tamponade effect.” This can be extrapo-
lated that this increase intra-osseus pressure would also
result in a slowing of bleeding and therefore less blood
loss. An additional study assessing patients at risk for pre-
operative blood transfusions in an effort to decrease unnec-
essary cross-matching found peritrochanteric fractures to be
an independent risk factor for pre-operative transfusions.’
Finally, a study from the London, England showed that
patients with femoral neck fractures should be managed the
same as high-risk surgical patients — whose outcomes were

Tables 3. Demographics, Summary Statistics and Significance Testing for Transfusion Rates

Transfusion Demographics

Transfusion, n (%)

Yes 146 (48.0%)
No 158 (52.0%)
PRBCs, n(%)
Yes 144 (47.4%)
No 160 (52.6%)
FFP
Yes 7 (2.3%)
No 297 (97.7%)
Platelets
Yes 4 (1.3%)
No 300 (98.7%)
Clinical Significance of Transfusion Rates
Attribute Transfusion = Yes Transfusion = No Total p-Value Test Method Significance
Pre-Op EC/IC, n (%) 0.0006 Chi Square Highly Significant
Extracapsular 36 (18.6%) 158 (81.4%) 194 (100.0%)
Intracapsular 5 (4.5%) 105 (95.5%) 110 (100.0%)
Total 41 (13.5%) 263 (86.5%) 304 (100.0%)
Entire Hospital Stay EC/IC, n (%) 0.0001 Chi Square Highly Significant
Extracapsular 108 (55.7%) 86 (44.3%) 194 (100.0%)
Intracapsular 36 (32.7%) 74 (67.3%) 110 (100.0%)
Total 144 (47.4%) 160 (52.6%) 304 (100.0%)
IT or ST, n (%) 0.4483 Chi Square Not Significant
IT 94 (56.0%) 74 (44.0%) 168 (100.0%)
ST 16 (61.6%) 10 (38.4%) 26 (100.0%)
Total 110 (56.7%) 84 (43.3%) 194 (100.0%)
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Figure 2. Histogram representation of the pre-surgical hemoglobin changes in intracapsular fracture patients.
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Figure 3. Histogram representation of the pre-surgical hemoglobin changes in extracapsular fracture patients.
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significantly improved by haemodynamic optimisation in
the perioperative period."* This outcome was unable to be
attributed back to pre-operative blood loss due to lack of
information.

The importance of identifying those patients at risk of
excessive bleeding is also important in regards to timing of
surgical management. Delays in appropriate resuscitative
efforts simply cause a chain reaction in delays further down
the line. Up to 44% of delays from 25—48 hours after hospi-
talization to surgery and 42% of delays greater than 48 hours
from hospitalization to surgery can be attributed to hemato-
logic abnormalities, most commonly an unacceptable Hgb
for surgery." Furthermore, a study by Gdalevich et al.
showed that delays greater than 48 hours after injury resulted
in increased one-year mortality, mental deterioration and
post-operative mobility.® However, it is important to note
that aggressive transfusion of patients prophylactically or in
anticipation of excessive blood loss is also not appropriate.
A study by Carson et al. examined the outcome differences
between transfusing patients at a Hgb <10 g/dL vs. <8 g/dL,
and showed no difference in complication rates, in-hospital
mortality, 60-day post-operative mortality or 60-day post-
operative rehabilitation outcomes, even in those deemed
high cardiovascular risk.?

With a push for centers to develop geriatric hip fracture
programs to better serve patients, information such as this
can be invaluable. In recent years, outcomes within geriatric
hip fracture protocols have shown vast improvements in
complications rates. A study by Mercantonio et al. showed
that delirium rates in patients co-managed by a geriatrics
team decreased significantly.'® An additional study showed
that all-cause mortality and medical complications were
reduced in patients assigned to geriatric hip fracture proto-
cols.”” Yet studies have been unable to determine optimal
resuscitation protocols due to this gap in blood loss
knowledge.

Our center feels that a comprehensive and consistent
monitoring process is the key to balancing the pre-operative
Hgb levels. In our experience, drawing Hgb and Hematocrit
(H&H) labs every eight hours for the first 48 hours after
injury ensures that anemia is caught early and treated
promptly, without delaying the OR or transfusing patients
unnecessarily. Trends may be followed as well to better
understand the hematologic profile of the patient and better
anticipate resuscitation demands in the post-operative
period. With this new knowledge of the increased risk of
blood loss in extracapsular fractures, further research could
address the discrepancy in blood loss and how this should
shape our resuscitative efforts. Namely, should patients who
sustain extracapsular fractures undergo more rigorous moni-
toring and aggressive resuscitation than their intracapsular
counterparts?

There were several limitations in this current study. Due
to its retrospective design data was limited and could only be
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obtained from what was presented in the medical record.
Missing data and inconsistencies could contribute a source
of error in data collection. Additionally, since there was
some variability in when hemoglobin blood draws were per-
formed, it is difficult to make a complete comparison. Since
this variability was present in both groups, we do not feel it
affects the overall significance of our values. A subgroup
analysis was not performed in regards to presence of pre-
injury blood thinners, and as such these variables may affect
results. The number of patients on anticoagulation prior to
injury between the two groups was not statistically signifi-
cant (38.7% EC vs. 40.9% IC; p = 0.6998), therefore unlikely
to affect the overall outcomes.

Conclusion

Our study suggests that intracapsular fractures have sig-
nificantly less drop in hemoglobin than extracapsular frac-
tures, which can be correlated to less blood loss. They also
are shown to require significantly fewer pre-operative blood
transfusions than their extracapsular counterparts. These
findings should be used to establish appropriate pre-
operative resuscitative efforts, ensuring that protocols
account for the increased likelihood of blood loss in extra-
capsular fractures. By doing this, we ensure patients are able
to undergo surgical fixation in a more appropriate time frame
and ensure better outcomes through the post-operative
period.
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Introduction

True avascular necrosis (AVN) — also called ischemic,
idiopathic, atraumatic, or corticosteroid-associated necrosis'
— is a degenerative condition that can lead to extensive
bone death and severe osteoarthritis. It is found most often in
patients younger than 45 years of age, who present with
gradual onset of pain over the affected area.? Osteonecrosis
can appear in the epiphysis, metaphysis, or diaphysis of the
femur, or the tibial plateau, usually bilaterally.> Unlike the
single localized lesions seen in patients with postarthro-
scopic and spontaneous osteonecrosis, in true AVN of the
knee, there are usually multiple lesions throughout the bone,
and similar patterns of necrosis are often found in other large
joints.!

True AVN of the knee is most commonly seen following
long-term use of corticosteroids, but is also associated with
long-term alcohol and tobacco use; conditions such as sickle
cell disease, caisson disease, Gaucher’s disease, myelopro-
liferative disorders, thrombophilia-hypofibrinolysis; and
genetic factors, including variations in factor V Leiden,
prothrombin 20210A, PAI-1, and ABCB1 genes.> The
exact etiology remains unknown, but it is thought to involve
ischemia secondary to abnormal lipid metabolism or blood
coagulation. The most common risk factor, corticosteroid
use, is associated with enlarged bone marrow fat cells,®
which may increase intraosseous pressure to the point of
causing ischemia. Many other risk factors increase chances
of vascular occlusion by various mechanisms, which can
also contribute to ischemia.?

There are several treatment options for AVN, and indica-
tion often depends on disease progression. Nonsurgical
management is recommended only for asymptomatic cases.!
On the other hand, total knee arthroplasty (TKA) is usually
considered a last resort, since a revision will likely be neces-
sary in the lifetime of these young patients. Unicompartmen-
tal knee arthroplasty’ and high tibial osteotomy?® are both
contraindicated by the frequency of multiple condylar
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involvement. This paper reviews the outcomes of four joint-
preserving surgical treatments for AVN of the knee:
arthroscopic debridement, chondroplasty and microfracture;
core decompression; allograft reconstruction; and autograft
reconstruction. In addition, we also present the treatment of
two patients with steroid-induced AVN of the knee treated at
Temple University Hospital, and their outcomes at latest
follow-up.

Methods and Materials

The data for our literature review was collected from a
PubMed search for papers that included “osteonecrosis” or
“necrosis” and “knee” or “distal femur” or “proximal tibia”
or “patella” in the title. Papers were excluded if they were
not about medically-induced osteonecrosis, or if they did not
differentiate the different types in their study. Papers were
also excluded if the patients were less than 18 years of age,
if osteonecrosis of the knee was not the primary topic, and if
they were not written in English. Case studies and case
series were excluded. Additional resources were found in the
references of the papers we reviewed. The data for our case
studies was collected from the patient records at Temple
University Hospital, and their treatment is described below.

Case Reports

Patient 1

A 37-year-old female presented to our department with
persistent dull aching pain of her bilateral knees that wors-
ened with significant fluctuations in barometric pressure.
Her past medical history included lung nodules and Hodg-
kin’s lymphoma just over a year previously. Her therapy
included bone marrow transplantation, and high doses of
chemotherapeutics and steroids; however, all medications
had been discontinued at the time of her clinical presentation
and subsequent surgery. MRI of her bilateral knees two
months before her first surgical procedure revealed signifi-
cant avascular necrosis of the distal femoral condyle, proxi-
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mal tibia, and patella. Ligamentous structures appeared nor-
mal, and there was no evidence of subchondral collapse or
arthritic changes. The patient had exhausted physical ther-
apy, behavior modification, and anti-inflammatory treatment
options. Subchondroplasty was chosen as the next course of
action, with the goal being to address the insufficiency of her
distal femur and proximal tibia that was believed to be pri-
marily responsible for her pain.

Diagnostic arthroscopy at the beginning of the procedure
on the patient’s left knee revealed grade 2 chondromalacia of
the proximal pole of the patella, and chronic scar formation
at the insertion of the quadriceps tendon on the distal pole of
the patella. Arthroscopic chondroplasty and debridement of
the distal pole of the patella, as well as a focal microfracture
using a K-wire was performed. The percutaneous portion of
the procedure was then carried out under fluoroscopic guid-
ance using the Knee Creations subchondroplasty system. In
both the distal femur and proximal tibia, 10 mL of calcium
phosphate bone cement substitute was injected into the
defect simultaneously from the medial and lateral side, in
order to achieve a uniform pressure distribution. The patient
underwent contralateral right knee surgery six months later.
A diffuse softening in the medial compartment cartilage was
noted in the right knee, but otherwise all findings and opera-
tive procedures were similar to the surgery on the patient’s
left knee.

The patient was placed on crutches immediately after sur-
gery and range of motion and quadriceps strengthening reha-
bilitation initiated. She progressed rapidly with little pain. At
three-month postop period, the patient reported a significant
decrease in pain in her bilateral knees. She progressed well
with physical therapy without complaints. Range of motion
was 0 to 130 degrees with well-maintained patellar mobility,
and she was able to perform a straight leg raise test. She
continued with strengthening for 3—6 months without diffi-
culty. At six months postop, the patient was interviewed via
phone and continued to report that her knees were doing
well.

Patient 2

A 19-year-old female referred to our department had taken
high-dose steroids for over two years for idiopathic pulmo-
nary hemosiderosis. She developed severe avascular necro-
sis of the distal femur with delamination of the trochlear
cartilage, multiple loose bodies, and a reactive effusion in
her bilateral knees. She was followed by a pulmonologist
and gradually weaned off steroids. At the time of surgical
intervention, she was on no medications. Radiographs taken
three months pre-operatively showed well-maintained tibio-
femoral and patellofemoral joint spaces with normal contour
of the articular cartilage. Her symptoms of bilateral knee
pain and swelling were exacerbated by physical activity,
especially walking up and down stairs, and actually wors-
ened by a course of formal physical therapy. The patient
underwent staged bilateral surgery with a plan to excavate
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necrotic bone and either microfracture or bone graft the
defect dependent on depth of disease.

The procedure on the patient’s right knee began with a
thorough diagnostic arthroscopy, the findings of which
included a full-thickness chondral defect of the lateral troch-
lea that measured 3.2 cm by 1.9 cm. Initial attempts at
microfracture did not penetrate the sclerotic bone and could
not stimulate bleeding. A small burr was then used to remove
necrotic bone to a depth of nearly 1 cm. Several loose bodies
comprised of delaminating cartilage were arthroscopically
removed. A small medial parapatellar arthrotomy was per-
formed and the defect bone grafted with 5 mL of demineral-
ized bone matrix putty. Core decompression of the medial
femoral condyle was next performed using a K-wire under
arthroscopic and fluoroscopic guidance. The trochlear carti-
lage had already delaminated and therefore the open bone
graft procedure was appropriate. For the medial femoral
condyle, antegrade core decompression as performed so as
not to violate the healthy normal cartilage.

Three months later after undergoing early rehabilitation of
the right knee, the patient underwent similar procedure on
the contralateral left knee. The extent of disease on preop-
erative imaging was believed to be similar to that found on
the right side. Diagnostic arthroscopy again revealed com-
plete loss of the lateral trochlear cartilage with significant
underlying avascular subchondral bone in an area roughly
2.5-3 cm by 3.5 cm. After removing all loose bodies, an
attempt at microfracture was unsuccessful. Open arthrotomy
was performed followed by evacuation of the avascular
bone. The edges of bad cartilage were curetted away and a
burr used to reach healthy bleeding bone, at a depth of about
1.5 cm. In this case, the defect was unshouldered laterally so
a decision was made to secure the bone graft with a collagen
membrane and suture anchors. The defect was again filled
with demineralized bone matrix bone and secured with a
porcine derived collagen membrane (Geistlich; Wolhusen
Switzerland) and five Micro SutureTak anchors (Arthrex;
Naples, FL).

The patient progressed well through rehabilitation with-
out complication. At most recent follow-up (12 and nine
months respectively), the patient reported only intermittent
pain that was 4/10 at greatest severity. She did not require
medication for this. She noted mild grinding and crepitation
in her left knee primarily but no instability. Physical exam
found range of motion to be 0 degrees maximum extension
and 130 degrees maximum flexion in both knees. Provoca-
tive testing was negative for anterior drawer, posterior
drawer, varus and valgus testing, but positive for medial
joint line tenderness and mildly painful patellofemoral grind
test in both knees. Follow-up radiographs and MRI were
obtained to evaluate for consolidation of bone graft. Based
upon those findings, we discussed cartilage restoration
options including cell based therapies with the patient. She
elected to delay further surgery at this time so that she could
return to school without interruption.
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Literature Review

A total of 12 papers met our review criteria: two on
arthroscopic debridement, chondroplasty, and microfrac-
ture; four on core decompression; two on allograft recon-
struction; and four on autograft reconstruction (Table 1).

Arthroscopic Debridement/Chondroplasty and
Microfracture

Wiede® reported pain and impingement symptom relief an
average of 40 months (range 16—84 months) after debride-
ment and light abrasion of subchondral lesions in all 10
knees operated on between 1976 and 1982. The four male
and four female patients were on average 32 years (range
18—44 years) of age, and all had a history of long-term cor-
ticosteroid use: six for renal transplantation, one for sys-
temic lupus erythematosus, and one for asthma. Subchon-
dral bone sclerosis and collapse was seen radiographically in
the lateral condyle of eight knees (six patients), with medial

condylar involvement in three knees and tibial involvement
in four knees. All had full-thickness loss of articular carti-
lage on the lateral femoral condyle with moderate to severe
degeneration of the lateral meniscus. Occasional discomfort
and crepitation remained a complaint, but these symptoms
appeared to the authors to be well-tolerated. A 15-month
follow-up arthroscopic examination of one knee revealed
some cartilage regeneration but considerable fraying of the
underlying meniscus. While this result is promising in terms
of potential for healing and avoiding joint replacement, we
need more long-term follow-up for definitive information, as
well as more patients for a representative picture, of how this
operation affects disease progression.

Akgun et al." reported that 14 of 15 patients diagnosed
between 1996 and 2002 were satisfied with the results of
curettage and microfracture at an average final follow-up of
37 months (range 12—65 months) post-operatively. The
average Lysholm score increased from 41 to 75, and the

Table 1. Summary of Literature Review

Date First Author Patients (Knees) Success Rate Success Criteria Follow-Up Time
Arthroscopy
1985 Wiedel 8(10) N/A Subjective 40 months (18—64
months)
2005 Akgun 15 N/A Lysholm and Cincinnati Activity 37 months (12-65
scores, Koshino’s radiographic months)
stages, subjective patient
satisfaction
Core Decompression
1989 Jacobs 18 (28) 52% (18/28) No or minimal pain, no restriction of 54 months (20—140
function, no need for further surgery months)
1997 Mont 25 (47) 72% (34/47) Knee Society score >80 11 years (4-16 years)
2000 Mont 57 (91) 79% (72/91) Knee Society score >80 7 years (2-24 years)
2006 Marulanda 38 (61) 92% (56/61) Knee Society score >80 37 months (24-50
months)
Allograft
1989 Meyers 3(3) 100% (3/3) Radiographic: evidence of graft 3.6 years (2—10 years)
incorporation, no evidence of
collapse or degenerative arthritis
Clinical: Merle d’Aubigne and Postel
score >11
1994 Flynn 6 (8) 75% (6/8) Improvement in pain and function, no 4.2 years (24-109
graft revision or total knee months)
arthroplasty
Autograft
2002 Fukui 8 (10) 90% (9/10) Improved Knee Society score 79 months (31-159
months)
2006 Rijen 6(9) Clinical: 75% Clinical: Knee Society score >80 51 months (29-93
(6/8) months)
Radiographic: Radio-graphic: no progression of
78% (7/9) osteoarthritis or collapse
2010 Matsusue 8(10) N/A International Cartilage Repair Society 42 months (range N/A)
(ICRS) Evaluation Form,
arthroscopic findings, MRI findings
2015 Goodman 12 (14) N/A Knee Society scores, radiographic 5 years (1-11 years)

stages of Aglietti et al.
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average Cincinnati Activity score increased from 2.67 to
11.73 (p < 0.05). No correlation was found between func-
tional results (Lyscholm and Activity scores) and necrotic
lesion size. MRI revealed significant healing in four patients,
healing with bone marrow edema and filling in the treated
defect of seven patients, and increased necrosis and sclerosis
in the remaining four patients. Using Koshino’s radiographic
classification,'" six of eight stage III knees and one of six
stage I'V knees showed radiographic improvement; no radio-
graphic changes were seen in the other eight knees. While
the authors did not specify which patients achieved the most
healing according to MRI, it is clear from the radiographic
results that those patients with lesions consisting of a radio-
lucent area and sclerotic halo that have not yet progressed to
degenerative changes, such as osteophytes and osteosclero-
sis, benefit the most from this procedure. The authors noted
that while three years is not adequate follow-up time to
determine long-term effects, an important advantage of this
procedure is that it does not preclude future operations. The
patients’ average age was 32 years (range 20—64 years) and
comorbidities consisted of systemic lupus erythematosus in
four patients, malignancy in three patients, Takayasu’s arte-
ritis in two patients, postmeniscectomy in two patients,
inflammatory arthritis in two patients, coagulation disorder
in one patient, and renal transplant in one patient.

Core Decompression

Jacobs et al.'? performed 28 core decompressions on the
distal femurs of four men and 14 women between 1974 and
1981. The average age of these patients was 33.5 years
(range 19—-66 years), and all but two patients (two knees)
had AVN-associated risk factors: 11 patients (17 knees) had
SLE and had taken or were on steroids at the time of surgery,
two patients (four knees) had renal failure, two patients (four
knees) were taking steroids following kidney transplant,
and one patient (one knee) had steroid therapy as part of
treatment for a benign brain tumor. All 28 knees were pre-
operatively staged according to Ficat’s" system adapted to
the knee: one knee had stage I disease, six knees had stage I1,
and 21 knees had stage III. At an average final follow-up of
54 months (range 20—140 months), all stage I and II knees,
and 11 stage III knees, had successful clinical outcomes with
no or minimal pain, no function restrictions, and no further
surgeries on the affected knee. Of the 10 stage I1I knees with
poor clinical outcomes, four continued to experience pain
and six had undergone total knee replacement an average of
23.8 months (range 6—40 months) post-operatively. Despite
this poor success rate in stage III knees, the authors believe
that there may still be a role for core decompression in this
population, considering the procedure’s relative simplicity
and low complication rate. Radiographically, disease pro-
gression was seen in three of the stage II knees, and at least
three of the stage III knees with good clinical results, charac-
terized primarily by increasing collapse of the femoral con-
dyles. The authors regret that radiographic imaging was not
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sensitive enough to accurately measure lesion size, and that
their sample population was too small to look for a relation-
ship between steroid therapy parameters and surgical
outcome.

Between 1978 and 1989, Mont et al.!* treated 47 knees in
25 patients with core decompression: 20 knees had stage I
disease, 20 stage II, and seven stage III, according to the
Ficat and Arlet staging system of the hip adapted for the
knee. At final follow-up of 11 years (range 4—16 years), a
Knee Society objective score of 80 or more was achieved in
34 of 47 knees: 14 Ficat stage I, 14 stage II, and six stage III.
Results were stratified by co-morbidities: success was
achieved in 20 of 32 knees with SLE, six of seven with renal
transplantation failure, eight of eight with “steroid and other
diagnosis,” and four of 15 with “nonlupus.” Of the seven
knees that eventually required TKA, the average time
between operations was 73 months (range 2—187 months);
three patients delayed joint replacement for over 11 years. A
group of 26 patients treated with core decompression and a
group of 26 patients treated non-operatively were matched
for disease stage, patient age, diagnosis, and length of
follow-up: 19 knees in the core decompression group
achieved a successful outcome, compared with six knees in
the non-core decompression group. Radiographic progres-
sion was halted in 65% of all knees treated with core decom-
pression compared to 25% of knees treated non-operatively.

Three years later, Mont et al.' published another paper that
describes the results of core decompression of 91 knees in 57
patients treated between 1974 and 1998. Seventy-two knees
had a Knee Society objective score of 80 or more at an aver-
age final follow-up of seven years (range 2-24 years). Of
these, nine had undergone repeat core decompression, and
six had arthroscopic debridement performed when symp-
toms persisted after the initial core decompression proce-
dure. The authors found that in the femur and the tibia, the
quadrant in which the lesion was located (medial, lateral, or
both) and the size of the lesion therein did not affect the
clinical outcome. However, lesions located in the epiphyseal
periarticular region were associated with a higher failure rate
in both the femur (p < 0.01) and the tibia (p < 0.001), and
prognosis was significantly worse for lesions with a com-
bined necrotic angle of 250 degrees or more (p < 0.05). The
patients treated with core decompression were part of a
larger group of 106 female and 30 male patients (248 knees)
with AVN of the knee. At initial presentation, 69 knees had
stage I disease, 106 had stage II, 38 had stage III, and 35 had
stage IV. One hundred and one of these patients had a dis-
ease that affected the immune system, including SLE (67
patients), IBD (11 patients), nephrosis (seven patients), and
lymphoma (five patients). The authors found no relationship
between outcome and number of risk factors, or the use of
alcohol, tobacco, or corticosteroids.

Marulanda et al.® performed 61 core decompressions
using a small-diameter drilling technique between 2000 and
2003. The 31 women and seven men were on average 42



Temple University Journal of Orthopaedic Surgery & Sports Medicine, Spring 2017

years (range 21-55 years) of age, and had either stage I or
stage II disease according to Ficat and Arlet as modified for
the knee. Eighteen patients (29 knees) had previously
received high doses of steroids for at least three months. At
average final follow-up of 37 months (range 24—50 months),
56 knees had a Knee Society objective score of 80 or more,
which the authors defined as a successful outcome. The
average Knee Society score for the entire group increased
from 48 points (range 40—63 points) pre-operatively to 92
points (range 74—100 points) at final follow-up. In terms of
size and location, all 24 knees with lesions smaller than 20
cc in volume were successfully treated, compared to 32 of
the 37 knees with larger lesions. Knees with lesions only in
the femur had a slightly higher success rate (19 of 20) than
knees with both femoral and tibial involvement (37 of 41).
The authors determined that gender, age, multiple joint
involvement, length of symptoms, and associated co-
morbidities had no significant effect on outcome. However,
it was noted that patients with SLE tended to have a higher
failure rate (12.5%) compared to other risk factors, such as
corticosteroid use without SLE (9%). The authors acknowl-
edge that their small sample size, relatively short-term aver-
age follow-up, and lack of a control group, were among the
limitations of this study.

Allograft Reconstruction

In 1989, Meyers et al.'® published the results of fresh
osteochondral allograft transplantation in 39 patients with a
variety of knee pathologies. Of these, only five patients had
avascular necrosis, and of those, only three patients (three
knees) were available for evaluation. Two knees were fol-
lowed for more than three years, and one knee for more than
four years. At final follow-up, all three knees were rated at
least “fair” according to the Merle d’ Aubigne-Postel rating
system adapted for the knee, and showed evidence of incor-
poration of the graft without collapse, narrowing of the joint
space, or disintegration. Allografts were harvested within 24
hours of death from fresh cadavera of individuals between
16 and 45 years of age, stored at 4° Celsius until transplanta-
tion, which occurred two to six days after the death of the
donor.

Between 1980 and 1992, Flynn et al.'” treated six patients
(eight knees) with true AVN of the knee using fresh-frozen
allografts. The size of the articular defects ranged from five
square centimeters to the entire medial or lateral condyle.
Outcomes were assessed based on pain relief and restoration
of function: an excellent result was “absent or mild and rare
pain; unlimited activity; full range of motion;” a good result
was “occasional pain, clicking, catching or other knee com-
plaint; unlimited walking without aids; and functional range
of motion;” and a poor result was “pain or function the same
or worse than preoperatively.” Two male patients (two knees,
ages 33 and 35 at time of operation) had taken steroids fol-
lowing renal transplants; both had excellent results at 48-
and 65-month follow-ups, respectively. One patient with
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IBD (two knees, age 31 and 36 at time of each operation)
had an excellent result 109 months post-operatively in the
first knee, and a poor result in the second knee that was
revised to TKA 34 months post-operatively. The only other
poor outcome was a female patient with SLE (39 years old at
time of operation) who underwent TKA 70 months post-
operatively. The remaining three knees had good outcomes:
one knee from a female patient with IBD (45 years old at
time of operation, 24-months follow-up), and two knees
from a female patient with SLE (20 and 21 years old at time
of operation, 51 and 40 months follow-up, respectively). The
authors noted that infection, nonunion, and failure of fixa-
tion did not occur in this series, but that these complications
would compromise future TKA.

Autograft Reconstruction

Between 1987 and 2000, Fukui et al.!® treated 10 knees of
eight patients with autologous osteoperiosteal grafts har-
vested from the ipsilateral iliac crest. All patients had a his-
tory of systemic steroid treatment for either SLE (six knees),
bone marrow transplant for lymphoblastic lymphoma (two
knees), IBD (one knee), or nephrotic renal disease (one
knee). The patients’ average age at time of surgery was 31.9
years (range 17-55 years), and average final follow-up was
79 months (range 31-159). Although necrosis was present in
both condyles in nine of 10 knees, grafts were only placed on
the one side with significant cartilage lesions. The average
size of these lesions was 11.3 cm? (range 7.5-15.0 cm?).
The average Knee Score improved from 119 points pre-
operatively (range 79-145) to 180 points at final follow-up
(range 100-195). Knee pain diminished considerably with
the surgery (average pain score improvement from 22 to 45
points), while range of motion and joint space were well-
preserved and no obvious difference in outcome observed
between knees with medially-placed grafts and those with
laterally-placed grafts. Early migration of the graft in one
patient with extensive necrosis led the authors to conclude
that it is necessary for at least half of the graft surface to
contact unaffected, normal bone in the condyle to have a
successful outcome. Due to the shape of the grafts, knees
with lesions that are more extensive in the AP plane are good
candidates for this procedure, while careful consideration is
necessary for lesions wider than 3 cm. Since this procedure
allows patients to retain good bone stock, the authors con-
clude that it seems advantageous even if another surgery is
necessary.

Between 1994 and 2002, Rijen et al."” treated nine knees
(three male, three female patients) with bone impaction
grafting. The patients’ average age was 31 years (range
16—47), and all had a history of systemic corticosteroids
administration: three for Crohn’s disease, two for SLE, two
for polymyalgia rheumatica, one for renal insufficiency, and
one for subarachnoidal bleeding. The procedure consisted of
removing all necrotic bone, covering the exposed subchon-
dral bone with autogenous trabecular bone chips that were
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compacted layer by layer, and then filling the remaining cav-
ity volume with solidly impacted trabecular bone chips made
from fresh-frozen allograft femoral heads. The periosteum
removed at the beginning of the procedure was put back over
the graft and impacted in place. The autogenous trabecular
bone chips were harvested from either the iliac crest or
metaphyseal area, and the allograft femoral heads were
obtained from a bone bank. Pre-operatively, three knees
were in stage II and six in stage III, according to the Ficat
and Arlet classification system, and all knees had a lesion
involving the femoral epiphysis. Four knees had tibial
involvement as well. At time of final follow-up, incorpora-
tion of the impacted bone grafts was seen radiographically in
all knees. None of the stage III knees had progression of
collapse. Minimal osteoarthritis was observed in three knees,
all of which had a Kellgren score of one, and one of which
had presented with osteoarthritis preoperatively. The authors
defined radiographic success as absence of progression of
osteoarthritis or collapse, which was achieved in seven of
nine knees. The average objective Knee Society score
increased from 63 (range 43-90) pre-operatively to 89
(range 70—100) post-operatively, and the average functional
Knee Society score improved from 19 (range 0-70) to 81
(range 50—100). No conversion to TKA was performed. The
average visual analog scale functional score increased from
27 (range 10-50) to 85 (range 50—-100), and the average
visual analog scale pain score improved from 78 (range
50-90) to 25 (range 10-70) at the time of final follow-up.
The authors defined clinical success as a minimal objective
score of 80 points and no conversion to TKA, which was
achieved in six of eight knees.

Matsusue et al.* used osteochondral autografts to treat 10
knees in eight patients with steroid-induced osteonecrosis
between 1997 and 2003. Unfortunately, the usefulness of
this paper in discussing these patients’ results is very limited
because the authors do not distinguish them from the 23
patients (25 knees) with idiopathic osteonecrosis. Within
this larger group of 31 patients (35 knees), the patients’ aver-
age age was 48 years (range 21-76), and average lesion size
was 481 mm? (range 156—-1080 mm?). All knees were clini-
cally evaluated according to the International Cartilage
Repair Society (ICRS) Evaluation Form: eight knees were
found to be Abnormal, and 11 knees Severely Abnormal
preoperatively; 11 improved to Normal, 22 to Nearly Nor-
mal, and eight knees were found to be Abnormal an average
of 42 months postoperatively. Again, the authors did not
specify which of these knees were diagnosed with steroid-
induced osteonecrosis and which were idiopathic. Second-
look arthroscopy was carried out on 24 knees, and MRI on
33 knees. At final follow-up, no patient complained of donor
site symptoms or needed additional surgery. The authors
were concerned about donor site morbidity because of the
many osteochondral plugs required to repair the larger carti-
lage defects seen in steroid-induced osteonecrosis. Auto-
grafts were applied when the lesion was not massive and
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grafts could be taken from the patellofemoral joint, but the
authors decided that any massive lesion, for which insuffi-
cient donor sites could be obtained, was indicated for an
allograft.

In 2015, Goodman et al.?! reported on the outcome of 12
patients (14 knees) whose AVN of the distal femur was
treated with open debridement and grafting of concentrated
osteoprogenitor cells harvested from the iliac crest. All
patients had a history of long-term corticosteroid use for
either SLE (five knees), leukemia/lymphoma (three knees),
Crohn’s disease (three knees), cardiac transplantation (one
knee), DRESS syndrome (one knee), or psuedomotor cere-
bri (one knee). Average age at time of surgery was 23 years
(range 1337 years). Four of five SLE patients and the single
DRESS patient were still taking steroids at the time of sur-
gery. Using radiographs and MRI scans, the authors deter-
mined that all knees had stage III lesions according to the
Aglietti classification system, and were considered large
according to the ratio method since they involved more than
0.32 of the condyle width. No collapse or degradation of the
cartilage surface, a contraindication to this operation, was
visible on pre-operative MRI. After an average follow-up of
five years (range 1-11 years), Knee Society scores averaged
87 degrees (range 52—100) for the knee score and 85 degrees
(range 15—-100) for the knee function score. Pre-operative
Knee Society scores were not available for the majority of
knees, but even so, the authors indicate that this scoring sys-
tem has not been validated for young patients with multifo-
cal osteonecrosis and systemic disease. The one patient with
a function score of 15 was awaiting a similar operation on
the contralateral knee, and had ongoing pain and disability
from SLE. None of the patients had undergone further sur-
gery on their operated knee, and none were taking pain
medication for pain from the operative knee. The authors
discuss that the number and quality of osteoprogenitory cells
harvested vary among individuals, which has direct implica-
tions for clinically-relevant outcomes, and that the quality
and quantity of grafted cells have not been determined using
analysis of colony forming units.

Conclusion

Several joint-preserving surgical options are available for
treating AVN of the knee. Which approach is most appropri-
ate may depend on the features and severity of disease at
presentation. Core decompression is the simplest approach,
but may not be enough to prevent disease progression in
knees that present at a more advanced stage. Arthroscopic
debridement with microfracture and chondroplasty was the
treatment modality we chose for our two patients. This
option may provide more reinforcement and opportunity for
healing in those with more diseased bone. Unfortunately, we
were not able to learn much about the success rate of this
method from our literature review. Despite being featured in
our oldest paper, only 23 patients’ results have been pub-
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lished, with their average follow-up time being the shortest
of all four modalities. Use of bone graft has had some very
promising results, but application is limited by the size of the
defect to be covered. Overall, more studies with long-term
follow-up, standardized success criteria, and stratified dis-
ease severity at presentation, are needed to determine the
best treatment option for patients with AVN of the knee.
Until enough data has been compiled to perform such an
analysis, each patient can only be addressed on a case-by-
case basis.
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Introduction

The 1972 enactment of Title IX exponentially increased
female participation in sports, particularly in women’s bas-
ketball. According to the National Federation of State High
School Associations, 450,000 females played basketball at
the high school level alone last season (2015). However,
increased participation in women’s basketball has uncovered
a disturbing trend. Female basketball players are at 3—6
times greater risk of rupturing an ACL as compared to their
male counterparts.! Additionally, women’s basketball trails
only men’s American football, women’s gymnastics, and
women’s soccer in ACL injuries per 1,000 athletic exposures
(AE), with an athletic exposure (AE) defined as one practice
or game.?

The ACL is one of the four knee ligaments that provides
stability to the knee by preventing the combined motions of
anterior tibial translation and internal tibial rotation.> A
healthy joint, with an intact ACL, protects an athlete’s
menisci from the shearing forces applied to the knee during
basketball. A ruptured ACL costs female basketball players
much more than their season. The surgical procedure and
extensive rehab required to repair a ruptured ACL costs
between $17,000 and $25,000. These factors, combined
with the deleterious effects on the athlete’s mental well-
being, have led the sports medicine community to develop
and implement ACL rupture preventative training programs.

The literature has studied why female athletes are at an
inherently higher risk for rupturing an ACL. This research
indicates that anatomical, neuromuscular, and biomechani-
cal factors all play a significant role in ACL rupture. With
this knowledge, researchers have moved to develop compre-
hensive preventative training programs to mitigate the risk
of ACL ruptures for female athletes. Many studies have
analyzed the incidence of ACL rupture pre- and post-training
intervention across multiple team sports. However, few
studies to this date have looked at these preventative training
programs exclusively in women’s basketball. Via a review of
the literature, this paper aims to analyze the efficacy of these
programs by examining ACL rupture incidence before and
after preventative training intervention in women’s
basketball.
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Non-Contact ACL Rupture

This review focuses on the prevention of non-contact
ACL ruptures in women’s basketball. Figure 1 displays an
image produced by Mary Ireland MD, from the Kentucky
Sports Medicine Clinic.’ The image depicts “position of
no return,” the anatomical knee position that causes non-
contact ACL ruptures in female basketball players. The lit-
erature demonstrates that female athletes that rupture an
ACL land in this position at a disproportionate rate when
compared to their uninjured female counterparts.® ACL rup-
ture prevention programs aim to reduce the risk of this
occurrence via different strength, plyometric, balance, flexi-
bility, and educational training components.

Materials and Methods

For this review, we employed a PubMed and Embase
database literature search. Only English studies were
included. All articles under the subjects of “ACL injury pre-
vention programs,” “ACL injuries and basketball players,”
and “injury prevention in women’s basketball” from 1999—
2015 were considered. The following inclusion criteria were
applied: (1) Only studies that included female basketball
players as test subjects were considered; (2) Studies required
a preventative training program that aimed to reduce rup-
tures of the ACL in female basketball players; (3) Studies
considered were Randomized Controlled Trials and Pro-
spective Cohort Studies. In addition, reference lists from
each selected source were crosschecked to ensure relevant
articles were not excluded.

Our literature search discovered five studies that observed
the incidence of knee injuries both before and after training
intervention in women’s basketball (Table 1).

A 2006 study from Pfeiffer et al. examined a cohort of
high school female athletes playing soccer, basketball, and
volleyball.” For the purpose of this study, only the basketball
statistics were considered. This study implemented the
season-long KLIP or Knee Ligament Injury Prevention Pro-
gram. The KLIP program develops proper body mechanics
for athletes during change of direction movements. The
“progressive and sequential program” requires an athlete to
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POSITION OF NO RETURN

BACK Forward flexed,
rotated opposite side
HIPS AddUCﬁOﬂ
Internal Rotation
KNEE Less flexed, valgus
TIBIAL External
ROTATION
LANDING One foot
PATTERN Out of Control
WEIGHT Forward
On balls of
feet

SAFETY POSITION
Normal lordosis

Flexed
Neutral Abduction/Adduction
...Neutral Rotation

Flexed

Neutral

Control

Center Balanced
Mid Foot Stance

© 17 Mary e ilerd, AL

Figure 1

Table 1. Incidence Rate of Non-Contact Knee Injury

Study Study Type Training Intervention Population Tested Results

Pfeiffer et al. Prospective non-randomized | KLIP 510 female high school Inconclusive
basketball players

Labella et al. Cluster randomized control | NMTP 1492 female high school Decreased incidence of
basketball and soccer players non-contact ACL rupture

Hewett et al. Prospective non-randomized | Jump training 273 female high school Decreased incidence of
basketball players non-contact ACL rupture

Emery et al. Cluster randomized control | Pre-game training 456 female high school Decreased incidence of LE injury
basketball players

Henning (abstract only) | Prospective non-randomized | Agility training Division II female basketball 89% decrease in non-contact
players ACL rupture

master one phase of the program before she moves to the
next level of skill and difficulty. The selected training teams
completed the 20-minute KLIP program before and after
practice. To measure the efficacy of this program, the inci-
dence of ACL rupture was observed over two seasons for a
selected group of control and trial teams. Female basketball
players in the control group experienced 18,076 athletic
exposures with an incidence of .078 ruptures per 1,000
exposures. The trial KLIP group experienced 6,302 athletic
exposures with an ACL rupture incidence of .476 per 1,000
athletic exposures. Though more ACL ruptures were
observed in the trial population, this study did not produce
significant results. As noted by the authors, this study con-
tained several limitations. First and foremost, the incidence
of ACL rupture found in this study was lower than expected
based on several epidemiological studies.®® A larger study
population could have aided this issue. The authors also
indicated that their program did not emphasize flexibility
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and strength training, two staples of other training programs.
Overall, this study provided inconclusive data on the effi-
cacy of the KLIP program in reducing ACL rupture inci-
dence in women’s basketball.

Emery et al. examined the efficacy of a sports-specific
balance-training program to reduce lower extremity injuries
in Calgary area high school basketball programs.'° Both the
training and control groups learned a 10-minute warm-up
routine that included aerobics, static stretching, and dynamic
stretching. The training group received an additional five-
minute basketball specific warm-up component for practice
and games in addition to a 20-minute home exercise pro-
gram that utilized wobble board balance exercises. Once a
week a member of the study group checked in on the training
teams in order to ensure compliance. This study did not spe-
cifically examine the incidence of ACL rupture; however,
the data produced from this randomized controlled trial
demonstrated that a basketball-specific training program
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reduced injury rates for acute lower extremity injuries in
female basketball players. In the study, ankle sprains
occurred most frequently, followed by acute knee injuries at
nine percent. For the female cohort specifically, injury rates
(per 100 athletes) dropped from 35 percent in the control
group to just above 25 percent in the trained group. The most
intriguing part of this study was that it was basketball-
specific in nature.

Although the researchers did not study the incidence of
ACL rupture specifically, they did monitor the frequency of
acute lower extremity injuries. With the implementation of
their training, the authors observed a significant decrease in
acute lower extremity injuries for the female basketball ath-
letes. This study provides promising data for future research
in women’s basketball injury prevention programs and a
possible platform to study ACL ruptures specifically.

In a non-published, abstract-only paper from 1990, Hen-
ning implemented an injury-prevention program for colle-
giate female basketball players. The program utilized drills
to improve agility, landing techniques (in order to prevent
knee valgus), and deceleration techniques that reduce stress
on the knee joint. The abstract-only paper reported an 89%
decrease in non-contact ACL ruptures in collegiate female
basketball players after the first season of training.

In 1999, Hewett et al. prospectively evaluated the effects
of a jump training injury prevention program on the inci-
dence of ACL rupture for a group of female high school
basketball, volleyball, and soccer players.'! For this purpose
of this review, only the statistics of the basketball players
were considered. The six-week training program was started
in the preseason and was performed 60 to 90 minutes a day,
three days a week. The training was designed to instruct
athletes on proper jumping and landing techniques in order
to increase vertical jump height and muscle strength. Eight
girls’ basketball teams participated in the study: three teams
in the training group and five in the control group. For the
control group, there were 10,370 AE and 4,767 AE for the
trained group. For the basketball control group, four athletes
ruptured an ACL, in contrast to the training group where no
athletes experienced a rupture. This data indicated a trend
(P=.019) that untrained female athletes were at a higher risk
for a non-contact ACL rupture when compared to their
untrained counterparts. Also, across the entire study (basket-
ball, soccer, volleyball), an untrained athlete was at a 2.4 to
3.6 greater chance of an ACL rupture when compared to
trained athletes. A disparity existed in this study between the
number of athletes in the control group and the number of
athletes in the trained group, which could have distorted the
data. Also, the sample size for the basketball cohort was
small (eight teams). However, this study demonstrated sta-
tistically significant data that a preventative training pro-
gram could reduce non-contact ACL rupture incidences in
women’s basketball.

In 2011, Labella et al. produced the most convincing data
in support of ACL preventative training programs.'? This
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study observed the effectiveness of a neuromuscular warm-
up on lower extremity injuries (LE) in female basketball and
soccer players from Chicago-area public schools. It pro-
vided the first Level 1 evidence for the reduction of non-
contact ACL rupture after the implementation of a preventa-
tive training program. The program was implemented two
weeks prior to the start of the season by athletic trainers
selected by the study team. There were 755 athletes in the
control group and 737 athletes in the training group. For this
intervention, coaches were taught a 20-minute neuromuscu-
lar warm-up to be implemented before team practices, and
an abbreviated version for before games. The main aim of
the program was to teach the athletes to avoid knee valgus
by landing with flexed hips and knees. The program was
started within three months of the 2006—2007 season and the
athletes were monitored for injury throughout the subse-
quent season. For the control group, 22,935 athletic expo-
sures led to 11 knee sprains, six ACL sprains, and four ACL
ruptures for injury rates of .48, .36, and .17 per 1,000 expo-
sures. In the training group, 28,023 athletic exposures led to
six knee sprains, two ACL sprains, and zero ACL ruptures
with concurrent incidence rates of .21, .07, and zero per
1,000 AE. This data provides the best evidence to date in
support of ACL rupture prevention programs. To prevent one
ACL rupture, 189 athletes needed to complete this program.
At a cost of $1,280 dollars, this expense pails in comparison
to the cost of a surgical reconstruction ($17,000 to $25,000).
Though the program was not basketball specific, this ran-
domized control trial provided convincing evidence of the
efficacy of a preventive training program for non-contact
ACL rupture in women’s basketball.

Discussion

Although the literature has demonstrated that preventative
training programs can lower the incidence of ACL ruptures
in women'’s basketball, recent data indicates that the level of
ACL ruptures in the sport remains high. A 2013 high school
injury surveillance study from Ohio State found that from
the 2007-2008 to 2011-2012 seasons, the incidence of ACL
rupture for female high school basketball players was 10.3
per 100,000 athletic exposures, with ACL ruptures account-
ing for over five percent of all injuries, higher than any other
sport, male or female.” A study from Mihata et al., on col-
legiate female basketball players, showed that from the years
1989 to 2004, the rate of ACL injuries (not just ruptures) per
1,000 athletic exposures remained constant over the time-
frame of the study.'* It appears that the knowledge and ben-
efits of these preventative training programs have yet to
affect the rate of ACL ruptures in women’s basketball. The
literature has highlighted a few factors to explain this
phenomenon.

Certain studies have focused on implementing sport-
specific training programs to lower the incidence of ACL
rupture. In a prospective non-randomized trial over two sea-
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sons, Mandelbaum et al. designed a sport-specific preventa-
tive training program for female soccer players that decreased
ACL ruptures by 88 percent in the first season and 74 percent
in the second season.'> Myklebust et al. developed a preven-
tion program for female Norwegian handball players. The
prospective intervention study measured the number of ACL
ruptures per season over three seasons. After a control sea-
son (season 1), the intervention program significantly
dropped the number of ACL ruptures in subsequent seasons
via a neuromuscular preventative training program.'¢

The data from these studies indicates that sports-specific
preventative training programs for ACL rupture could pro-
vide a major benefit to the field. In high school female ath-
letes, researchers have observed differences in ground reac-
tion forces, valgus angle, and valgus movements during a
maximum vertical jump and sidestep at a 45-degree angle
(movements associated with non-contact ACL rupture)
between basketball and soccer players. These findings led
the researchers to recommend different training programs
for each set of athletes. The authors emphasized a program
that developed proper jumping and landing techniques for
the basketball players and a program that emphasized safe
cutting techniques for the soccer players.'” Even with these
studies available, a majority of the present literature still
focuses on implementing these programs across multiple
team sports. However, these studies demonstrate that sport-
specific preventative training programs have the benefit of
both increasing athletic performance and reducing the rate of
ACL rupture. Data demonstrating reduced ACL ruptures
with sport-specific preventative training, in conjunction with
research that indicates athletes from different sports are at
risk for ACL rupture due to unique factors, suggests that
sport-specific preventative training programs may be neces-
sary. Future research in women’s basketball should focus on
the development of sport-specific training to increase pro-
gram effectiveness.

Another issue observed in the literature pertains to the
lack of knowledge about the risk of ACL rupture in women’s
basketball. A study out of Massachusetts General Hospital
developed an educational program on ACL rupture preven-
tion and evaluated its effectiveness on high school female
basketball players’ ACL injury knowledge, attitudes, and
practices.'® First, the authors determined the athletes’ base-
line knowledge via a questionnaire distributed to 118 female
basketball players across eight teams in southern Massachu-
setts. Players demonstrated a baseline knowledge of 57.3 on
the anatomy and function of the ACL, and the mean reported
the use of injury prevention practices at 58.4 (out of a pos-
sible 100 points). The intervention consisted of a 45-minute
didactic presentation on the anatomy and function of ACL
and risk factors associated with ACL ruptures, in addition to
a skills clinic focused on injury reduction techniques. Fol-
lowing the intervention, players’ knowledge about the ACL
and rupture risk factors increased by 4.5 points (5%). Also,
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videotape analysis of players’ performance of correct land-
ing techniques (without valgus) during games indicated a
5.5% increased in the number of correct landings performed.
No ACL injuries occurred over the duration of this study.
This brief 45-minute intervention yielded statistically sig-
nificant results that could be easily scaled to a larger amount
of teams. The study highlighted that knowledge about the
risks of ACL rupture in women'’s basketball remains low and
that future prevention programs should require an educa-
tional component.

The literature demonstrates that a successful prevention
program requires compliance. Lim et al. developed the
SIPTP prevention program to mitigate biomechanical risk
factors for female basketball players.' The authors claimed
a successful program “must be feasible and practical in
terms of their applicability to younger populations because
compliance is vital.” If a program does not fit into the daily
practice routine of the athletes and coaches, compliance
drops rendering the program useless. This lends credence to
basketball-specific training programs. Authors have specu-
lated that programs that focus on both performance enhance-
ment and injury prevention achieve the greatest participation
and compliance.”® To ensure that more athletes reap the
benefits of prevention programs, future research should
develop succinct basketball centric programs that fit into the
routine of the sport.

Conclusion

As previously noted, the literature has highlighted why
females are at an inherently higher risk for non-contact ACL
ruptures during basketball. The existing literature indicates
that ACL rupture prevention programs provide the best
means to reduce the incidence of ACL ruptures in women’s
basketball by mitigating predisposed risks. Future research
should focus on holistic basketball-specific training pro-
grams. These programs should involve workouts to improve
athletic performance metrics and educational components
for both players and coaches to increase program compli-
ance and success.
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Introduction

Distal radius fractures are amongst the most common
fractures with an annual incidence of 16.1 fractures per
10,000 persons.' Falling onto an outstretched arm is a fre-
quent cause of distal radius fractures, and the burden of these
fractures on healthcare is expected to increase as the US
population ages and increases.>?

Delayed presentation and treatment of fractures can make
surgical repair more difficult and lengthen the period of dis-
ability.* ° Performing surgery earlier leads to significantly
better wrist range of motion (ROM), measurement of grip
strength (GS), and a Disability of the Arm, Shoulder and
Hand score (DASH).¢

There are several possible reasons for the delayed interval
between injury and presentation to clinic, including insur-
ance status, misunderstanding the importance of timely
treatment, racial and socioeconomic disparities, and lan-
guage barriers.”!! Access to care continues to be one of the
problems that healthcare policy attempts to address, and
access may be dependent on many factors including age and
geographical location.!” In the United States, the Census
Bureau estimated that 42 million people had no medical
insurance, and over 54 million people were covered by Med-
icaid. Several studies demonstrate the detrimental effect of
Medicaid coverage or uninsured status on the ability to
receive timely medical care in both adults and children.!>!4
Whereas many operative lower extremity fractures are
treated with inpatient admission and surgery, distal radius
fractures are typically managed as outpatient procedures. As
such, issues impacting access to care could be more likely to
create delays in surgical management of distal radius frac-
tures. Although distal radial fractures are one of the most
extensively studied group of fractures, there are no studies to
our knowledge evaluating the time between injury and pre-
sentation in an orthopaedic surgeon’s clinic and for surgical
care for this category of fractures. There is also no literature
comparing a delay in presentation to an increased risk of
complications.'’

The present study seeks to identify the length of time
between injury and presentation in clinic for distal radius
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fractures, and also explore risk factors that could account for
a delay.

Methods

Institutional review board approval was obtained to col-
lect data about patients who presented to Temple University
Hospital between January 2010 to March 2016 with distal
radius fractures. To be included in the study, patients had to
have suffered no other fractures besides the distal radius
fracture. Out of 300 patients over the age of 18 who suffered
distal radius fractures, 70 were included in our study. Data
obtained included: the date of injury, date of presentation to
the ED and clinic, dates of surgical treatment, insurance sta-
tus, any reported reason for a delay, any language barriers,
and any complications after surgery.

Results

The patients were divided by insurance status into two
groups: (1) insured and (2) underinsured (Medicaid or no
insurance). The patients were also divided by language spo-
ken: (1) English and (2) non English. Continuous variables
for elapsed time were compared using the Wilcoxan rank
sum test. Significance was defined as p < 0.05.

The final cohort included 70 patients, 29 of whom were
insured (I) and 41 underinsured (U). Out of those 70 patients,
58 were English speakers (E) and 12 did not speak English
(N). Although the difference in the length of time between
injury and presentation for those insured versus underin-
sured was not found to be statistically significant (I: average
8.6 days, range 0—30 days; U: average 14.3 days, range
0-76; p = 0.0642), the p-value approached 0.05 (Table 1).
The length of time between presentation and surgery was not
found to be statistically different between the insured and
underinsured groups. The non-English speaking group expe-
rienced significant delays during treatment compared to the
English speaking group (Table 2). The length of time
between injury and presentation in an orthopaedic surgeon’s
clinic was significantly increased for non-English speakers
(E: average 10.4 days, range 0—58 days; N: average 19.4
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days, range 7-76 days; p = 0.0091). The length of time
between presentation and surgery was not found to be sig-
nificantly different.

Table 1. Time Intervals for Insured Versus Underinsured

Time Interval Insured Underinsured  p-value
Injury to presentation to the

treating orthopaedic surgeon 8.6 + 8.0 143+152 0.0642
Presentation to surgery 6.1£3.2 7.1+£8.3 0.7986
Values are in days and given as the mean + standard deviation.

Table 2. Time Intervals for English Speakers
Versus Non-English Speakers

Time Interval English No English p-value
Injury to presentation to the

treating orthopaedic surgeon  10.4 + 11 19.4+18.9 0.0091
Presentation to surgery 59+35 11.2+14.8 0.5685

Values are in days and given as the mean + standard deviation.

Discussion

The language barrier is a major cause of delay for presen-
tation to an orthopaedic clinic following a visit to the emer-
gency department. The non-English speaking group had a
significantly greater average length of time between injury
and presentation in clinic. According to this study, non-
English speakers take almost double the time to present their
injury to an orthopaedic surgeon compared to English speak-
ers. While the average time between presentation in an
orthopaedic surgeon’s clinic and surgery was longer for non-
English speakers, there was no statistical difference.

The underinsured group was found to take longer on aver-
age to present their injury to an orthopaedic surgeon than the
insured group. While the p value was only 0.0642, a larger
sample size may have made the difference between the two
groups being statistically different. The length of time
between presentation and surgery for the underinsured was
also found to be on average longer than for the insured, but
the data was also not found to be significant.

Causes for a delay in presentation for patients who speak
a foreign language could include a relative lack of physician-
to-patient communication regarding health literacy, instruc-
tions the patient needs to follow after discharge from the
emergency department, referral to an orthopaedic surgeon,
the fears and concerns of the patient, and support and care. A
lack of communication in any of these crucial parts neces-
sary for a healing relationship could lead to longer recovery
times and undesired outcomes.

One strategy that could be employed to improve physician-
to-patient communication should include being able to pro-
vide discharge document in the patient’s native language.
With the increasing prevalence of electronic medical records
in hospitals around the country, being able to provide trans-
lated documents should become not only simpler but also
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standard practice. Another strategy that could be used con-
currently is a follow up call to the patient via translator after
discharge to ensure proper communication regarding the
next steps needed to complete the treatment regimen. '

This study has some weaknesses worth discussing. Due to
this study being retrospective, the dates of injury and physi-
cian appointments at outside institutions were dependent on
patient recollection and proper documentation. This intro-
duced an element of recall bias, especially for patients whose
injuries were remote from the presentation to this clinic.
Another weakness of this study is that all of the data was
compiled from a single setting in urban North Philadelphia.
Extrapolations to all settings throughout the United States
cannot be made without further studies that include multiple
regions. A third weakness was that the relatively small sam-
ple size decreased the power of the study such that while
some differences between groups could be clearly seen by
comparing averages the differences were statistically insig-
nificant. Further studies with larger sample sizes could show
that there is a statistically significant difference in the length
of time to presentation for insured versus underinsured
patients.

Conclusion

When compared to English speakers, patients who speak
a foreign language on average experienced statistically sig-
nificant delays in care for a distal radius fracture based on
length of time between injury and presentation in an ortho-
paedic surgeon’s clinic. Future studies should be directed
towards identifying the specific causes of miscommunica-
tion between physicians and foreign language speaking
patients so resources can be directed towards eliminating
those barriers to care. We should aim to reduce systemic fac-
tors such as inability of patients to receive information and
care in their first language.
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Abstract

Background: Subspine impingement is a common
cause of hip pain in young athletes. Radiographs fail to
fully define the anatomy of the anterior inferior iliac spine
(AIIS) often necessitating need for computed tomogra-
phy (CT). The purpose of this study is to determine the
utility of magnetic resonance imaging (MRI) to define
AIIS anatomy and compare our findings to previously
reported values obtained using CT scans.

Methods: Pelvic MRI including bilateral hips of 50
asymptomatic patients were evaluated, which included
31 females (average height, 1.62 m; BMI, 28.9 kg/m?)
and 19 males (average height, 1.74 m; BMI, 27.6 kg/m?).
Axial sequence measures included: width and the angle
of the AIIS relative to the ilium. MRIs of 58 asymptom-
atic patients were also evaluated. Measures included:
AIIS length, width, and the horizontal, vertical, and
straight distances from the AIIS to the acetabular rim.
Thirty-eight females (average height, 1.61 m; BMI, 28.9
kg/m?) and 20 males (average height, 1.81 m; BMI, 28.4
kg/m?) were included in this portion. Values were normal-
ized for height and BMI. Two observers independently
obtained all measures which were then averaged and
compared to literature reported CT values.

Results: Measures of AIIS anatomy were successfully
obtained on all MRI sequences (Table 1). Male values
showed statistical consistency with literature values in all
BMI-normalized measures except length and height of
AIIS. Comparison of female values to literature values
was statistically different in all BMI-normalized mea-
sures except for angle to ilium.

Conclusions: MRI is a sound method to evaluate AILS
anatomy. The results of MRI measurements demonstrate
statistical consistency with previously reported literature
values in the male population but not the female popula-
tion. This small statistically significant difference may be
of little clinical significance and likely reveals a subtle
difference between the female populations studied.
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Introduction

Femoroacetabular impingement (FAI) has been proposed
as a cause of osteoarthritis of the hip, possibly due to exces-
sive force on the anterosuperior portion of the hip joint.
Bony abnormalities lead to collision of the femoral head
with the anterior acetabulum and potential damage to carti-
lage and/or labrum. This can be due to a number of reasons
such as coxa profunda, retroversion, subclinical epiphyseal
slip/displacement, protrusion acetabuli, or post-traumatic
deformities. An impingement test can be done to help diag-
nose, in which the patient is supine, the hip is internally
rotated, passively flexed to 90 degrees, and then adducted. If
there is pain during these motions, FAI could be an issue.!

Two kinds of FAI have been well-described, cam and
pincer-type impingements. Cam impingement is more com-
mon in young, athletic males and results from a femoral
head with a larger radius than normal protruding painfully
into the acetabulum during forceful flexion. This leads to
avulsion of acetabular cartilage and possible subsequent
detachment of labrum. On the other hand, pincer impinge-
ments occur in older women who show a desire for athletic
activities and result from an acetabular abnormality making
linear contact with the femoral head-neck junction. This can
lead to damage to the labrum as well as ossification of ace-
tabular rim.'

However, increasing evidence has shown that causes of
FALI can also be extra-articular. Hetsroni et al. studied 10
patients that presented with FAI symptoms but the pain did
not subside an hour after intra-articular injection of local
anesthetic, suggesting some kind of impingement outside of
the hip joint. Seven of the 10 patients were involved in
sports involving kicking or sprinting such as basketball, soc-
cer, or football.? Some sources of extra-articular FAI include
ischiofemoral, iliopsoas, and our research focus, the anterior
inferior iliac spine (AIIS).? Since the rectus femoris is used
heavily in the activities previously stated and attaches at the
AIIS, this appears to be an important site for FAI, especially
in young athletes.? Patients normally present with: 1) ante-
rior hip or groin pain upon straight hip flexion; 2) anterior
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pain with prolonged hip flexion; 3) limited range of motion
during flexion; and 4) specific tenderness over AIIS upon
palpation. Radiographs often show an avulsion injury or
calcification at the point of attachment of the rectus femoris.
Additionally, impingement cysts appear on the femoral neck
more distal than typically seen in cam or pincer types of
impingement.?

Due to the increase in cases reported as AIIS type of FAI,
it is vital to obtain measurements for the normal size of the
AIIS. Despite the fact that favorable outcomes for FAI have
increased due to surgery, some patients have recurring symp-
toms and a revision surgery is necessary.’ Therefore, average
reported size of the AIIS enables a successful surgery to
reduce the size of the AIIS and avoid revision surgery, while
also assisting in diagnosis. This study will use MRI and
seeks to determine a normalized average size and distance
from the acetabular rim of the anterior inferior iliac spine, as
well as angles in the hip joint, in order to assist in the diag-
nosis and surgical treatment. By comparing the values to
previous values found in CT studies, we hope to show that
using MRI, and therefore less radiation, can effectively
determine the AIIS size as well.

Methods

MRIs of 50 asymptomatic patients collected between
January 2008 and June 2015, for a total of 100 hips, were
obtained through the Temple PACS radiograph system. The
patients were between 18 and 50 years of age. These MRIs
only contained axial views, so a separate patient list was
generated to obtain measurements from sagittal views. This
list included 58 MRIs of the lateral part of the hip, collected
between January 2008 and June 2015, and the patients were
between 18 and 50 years old. The patients’ heights and BMIs
were obtained using the Epic chart service.

Measurements

The size of the AIIS in each hip was measured using the
length, or distance from the end ilium to the most anterior
point of the AIIS. The height of the AIIS described the verti-
cal expanse of the AIIS while the width described the hori-
zontal expanse. The length and height of the AIIS were
measured by MRI on a sagittal view (Figure 1) and the width
was measured 6 mm from the edge of the AIIS, looking at an
axial MRI view (Figure 2). In order to quantify how close
the AIIS is normally to impinging on acetabulum and femur,
the straight, horizontal, and vertical distances from the most
prominent, inferior part of the AIIS to the rim of the acetabu-
lum were measured. These values were obtained using a
sagittal view MRI, with the straight distance along the ilium.
The three measurements make a triangle, with the straight
distance being the hypotenuse and the vertical and horizon-
tal distances acting as legs. The horizontal distance is from
the aforementioned part of the AIIS straight out and in line
with the acetabular rim. The vertical distance is from the
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Figure 1. Measurement of the length (10.3 mm) and height (30.7 mm) of
the anterior inferior iliac spine using sagittal view MRI.

Figure 2. Measurement of the width (11.3 mm) of the anterior inferior iliac
spine using axial view MRI.

acetabular rim to the intersection with the horizontal dis-
tance line (Figure 3). This data collected was normalized in
two ways simply by dividing each measurement by both the
patient’s BMI in kg/m? and height in meters.

Other aspects of AIIS anatomy measured included one
angle of the hip to look at the degree of version, or to what
extent the acetabulum and other structures encroach on the
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Figure 3. Measurement of the vertical (7.0 mm), horizontal (14.1 mm), and
straight (15.8 mm) distances of the anterior inferior iliac spine from the
acetabulum using sagittal view MRI.

head and neck of the femur. On an axial MRI view, the angle
between a midaxis line through the AIIS and a midaxis line
through the ilium was obtained (Figure 4).

Two different analyses were performed due to the fact that
MRIs available did not have proper axial and sagittal views
necessary to measure the AIIS anatomy. Therefore, axial
views were used to determine: 1) width of AIIS; 2) mid axis
line of ilium and mid axis line of AIIS angle; 3) mid axis line
of AIIS and plumb line angle; and 4) acetabular version
angle. A different set of MRIs were used to measure 1)
length and height of AIIS and 2) straight, horizontal, and
vertical distance of the AIIS from the acetabulum. The dis-
tances and angles in both analyses were measured by two
separate observers and averaged. The values were then com-
pared to normal values obtained by Amar et al.® from asymp-
tomatic patients using CT scans in order to validate the use
of MRI in measuring the AIIS in FAI diagnosis and surgery.

Statistical Analysis

Statistical analysis was performed by the Department of
Clinical Sciences at the Temple University School of Medi-
cine. A two-sample t-test was used to compare the means of
the measurements between males and females of the experi-
mental groups, and those of the previously described normal
values, with a significance level of 0.05 used.

Results

The axial data set n = 50 contained 31 females and 19
males for a total of 100 hips. Females had a mean age of 38.6
with a minimum age of 20 and a maximum age of 50 years
old, an average height of 1.62 m, and an average BMI of

28.9 kg/m?. Males had a mean age of 33.4 with a minimum
age of 18 and a maximum age of 50 years old, an average
height of 1.74 m, and an average BMI of 27.6 kg/m?. The
sagittal data set n = 58 contained 38 females and 20 males.
Females had a mean age of 34.7 with a minimum age of 19
and a maximum age of 49 years old, an average height of
1.61 m, and an average BMI of 28.9 kg/m?. Males had a
mean age of 33.5 with a minimum age of 18 and a maximum
age of 45 years old, an average height of 1.81 m, and an
average BMI of 28.4 kg/m?.

Table 1 shows the measurements of the AIIS length,
height, and width along with the vertical, horizontal, and
straight distance of the AIIS from the acetabulum which
were all standardized by the height of patient. Additionally,
the angle of the AIIS with the ilium is shown, which is not
normalized. The measurements are averaged and the p val-
ues are shown, which indicate that there is a difference
between the average value of the our measurements and the
literature values from Amar et al.® In addition, Table 2 pres-
ents the same measurements except they are normalized by
the patient’s BMI.

Based on the p values calculated, the following height-
normalized data collected for females did not differ signifi-
cantly from the expected values: horizontal distance of AIIS
from the acetabular rim and the angle of the AIIS with the
ilium (not normalized). For males, the following height-
normalized data collected did not differ significantly from
the expected values: vertical, horizontal, and straight dis-
tances of AIIS from the acetabular rim. Additionally, for

Figure 4. Measurement of the angle between the mid axis line of the ilium
and the mid axis line of the anterior inferior iliac spine using MRI.
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Table 1. Measurements of Anterior Inferior Iliac Spine Anatomy Normalized by Height (m)

Measurement Males Amar et al. P Value Females Amar et al. P Value
Length 16.54 +0.34 18.1+0.40 0.0044 1572 +0.27 17.1£0.31 0.0016
Height 6.20£0.22 3.5+0.21 <0.0001 6.11+£0.14 3.5+£0.16 <0.0001
Width 5.74+0.10 6.7+0.18 <0.0001 5.38+£0.09 5.9+0.15 0.0035
Vertical distance 8.21+0.26 7.6+0.36 0.1776 8.55+0.26 7.2+0.40 0.0012
Horizontal distance 9.53+0.43 9.6 +0.38 0.9168 9.51 +£0.21 8.9+0.40 0.1807
Straight distance 12.72+0.42 12.3+0.43 0.4821 12.80 £ 0.23 11.6 £0.31 0.0026
Angle with ilium 8.14 £ 0.67 9.2°+1.15° 0.4297 7.98 +£0.49 8.1°+1.31° 0.9296
All values are in mm except for the angles.
Table 2. Measurements of Anterior Inferior Iliac Spine Anatomy Normalized by BMI (kg/m?)

Measurement Males Amar et al. P Value Females Amar et al. P Value
Length 1.08 £0.05 1.23+£0.05 0.0336 0.91+0.03 1.35+0.04 <0.0001
Height 0.41+0.02 0.25+0.02 <0.0001 0.35+0.01 0.26 +0.02 0.0002
Width 0.38 £0.01 0.42+0.02 0.0797 0.32+0.01 0.50 +0.02 <0.0001
Vertical distance 0.54+£0.03 0.51+£0.03 0.4798 0.50+0.02 0.58 £0.03 0.0230
Horizontal distance 0.63 +£0.04 0.64 +0.04 0.8859 0.55+0.02 0.72 +£0.04 0.0003
Straight distance 0.84 +£0.05 0.83 £0.04 0.4821 0.74 £0.03 0.93 £0.04 0.0002
Angle with ilium 8.14 +0.67 9.2°+1.15° 0.4297 7.98 +£0.49 8.1°+1.31° 0.9296

All measurements in mm except for the angles.

males, there are BMI-normalized values that did not differ
significantly from the expected values which included: width
of AIIS and vertical, horizontal, straight distance of AIIS
from the acetabular rim, and the non-standardized angle of
AIIS with the ilium.

Conclusions

Femoral acetabular impingement is most often caused by
intra-articular sources, either cam or pincer-type. Cam
impingement happens when the widening of the head-neck
junction of the femur enters the joint upon hip flexion, so it
is an inclusion-type injury. Pincer impingement is more of
an impaction injury because over coverage of the acetabu-
lum on the femoral head causes impaction upon flexion.’
Extra-articular FAI is less common and, therefore, less well-
defined and includes anterior inferior iliac spine impinge-
ment. This can happen in patients playing sports requiring
kicking or sprinting, or possibly from an avulsion injury.? All
FAI types can be treated by performing an osteoplasty on the
area of the hip that is impinging on the hip joint. If an AIIS
impingement is not taken into account during surgery, a revi-
sion surgery may be necessary to alleviate symptoms if only
the acetabular or cam part of the impingement is reduced.?
Therefore, we aimed to measure normal AIIS anatomy using
MRYI, allowing surgeons to better diagnose an extra-articular
FAI leading to better outcomes of FAI surgery.

Our anatomical measurements obtained from MRIs were
not as consistent with Amar et al. data as we would have
hoped. However, some values obtained were not signifi-
cantly different from the literature values. For the most part,
the measurements for males were consistent with the litera-
ture results. The height and BMI-normalized AIIS length, as
well as the height-normalized AIIS width were statistically
different than the literature values. However, a statistically
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significant difference does not necessarily equate to a clini-
cally significant difference. For example, since the average
male BMI was 27.6, the difference between the two values
for length of the AIIS was only roughly 4 mm which may not
be a large difference with respect to surgery or diagnosis.
The height-normalized AIIS width may have had a similar
characteristic. On the other hand, in both normalizations
(and for men and women) of the AIIS height, the values were
much higher than expected. This was not much of a surprise
because it was difficult to consistently measure the height of
the AIIS on MRI with the examples given in the Amar et al.
paper.

With respect to the females, only two measurements were
consistent with the literature results: height-normalized hori-
zontal distance of AIIS from the acetabular rim and the angle
of the AIIS with the ilium. There were a few measurements
that may have been statistically different but not clinically
significant. However, most of the values were entirely differ-
ent. Because the measurements were not done any differ-
ently with the males and females, we are inclined to believe
that this could have been due to a difference in patient popu-
lation rather than measurement quality.

Our study could have been improved in a few ways that
may have yielded more consistent results. One glaring dif-
ference between the literature study and ours was the fact
that we used two different observers separately and averaged
the values while the Amar et al. study used two different
observers doing the measurements together. If we could
have had the two observers working together to agree on dif-
ferent points for measurements of the AIIS, we may have
gotten more similar results to the literature values. Along the
same lines, if we had more than two observers complete the
measurements, we believe the averages could have been
closer to the literature values as well.
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Although there was not perfect consistency between the
measurements obtained in this study and those of Amar et
al., additional studies could show that using MRI to measure
the aspects of the anterior inferior iliac spine anatomy and
normalize the measurements by a patient’s height can be a
useful and less harmful way to diagnose and treat femoral
acetabular impingement.

Limitations

There were some limitations with the study. Since this
was a comparative, cross sectional study, the expected val-
ues were already known. Therefore, it is possible there was
some bias in the measurements since we expected that the
values we measured on MRI would not be different from
those of CT. However, by having two independent investiga-
tors completing the measurements, we hope that this source
of bias was lessened. Additionally, for the sagittal MRIs
used for length, height, and distances from acetabular rim,
some symptomatic patients were used. Normal axial MRI
views in the Temple Health System came from pelvic MRIs,
which could be from a myriad of diagnoses. Unfortunately,
the sagittal views taken in those orders were not lateral
enough to obtain the other necessary measurements. There-
fore, a new patient list had to be generated based on specific
hip MRIs. This inevitably included patients symptomatic for
femoral acetabular impingement, among other things. How-
ever, we did not expect this to affect the results too much
because the incidence of the AIIS impingement is relatively
rare as compared to other intra-articular impingement types.>
Our results showed consistent results in both the sagittal and
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axial view measurements for males, and similar inconsisten-
cies in both views with the female measurements. This indi-
cates that obtaining sagittal views from patients with hip
problems did not affect the results, although no specific sta-
tistical analysis was done.
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Introduction

Shoulder dislocations may result from seizures due to
violent, uncoordinated muscle contractions, or secondary to
associated trauma, such as a fall from standing. Damage to
both the humeral head and glenoid are common in these situ-
ations and predispose the patient to instability and future
dislocations.!* While posterior dislocations are commonly
associated with seizures, anterior dislocations occur with
nearly equal frequency and are associated with a higher
rate of recurrence (47% vs 12%), even after surgical
intervention.*

Patients with seizure-associated anterior dislocations have
been found to have greater average bone loss in the anterior
glenoid (40%, as opposed to 10% in those with non-seizure-
associated cases).? Furthermore, patients with seizure disor-
ders are constantly at an increased risk for these often violent
injuries even after initial management of their injury. While
some event recurrence is unavoidable, reports of medical
noncompliance are common in this patient population. The
combination of large bony injuries and a recurrent trauma to
the shoulder presents a significant dilemma for surgeons
managing these patients.

Standard soft tissue repairs for anterior shoulder instabil-
ity, such as the Bankart and Putti-Platt procedures, have a
high rate of failure when performed alone due to extensive
bone defects.” Open reconstruction with femoral head bone
allografts has been shown to have success in preventing
recurrence,’ as has extending the glenoid articular surface by
means of an iliac crest-derived bone buttress.> The Latarjet
procedure has also be used effectively, particularly in well-
controlled cases of epilepsy where recurrent dislocation
occurs during activities of daily living.® Both the bone block
and Latarjet procedures leave the patient with good stability,
motion, and function, with the greatest limitation involving
external rotation.>>

The goal of this study is to review the literature for patients
with seizure-provoked shoulder dislocations with recurrent
instability, and to present a series of patients to exemplify
strategies for management.
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Materials and Methods

The literature review was conducted by cross-searching
both anterior shoulder dislocation and instability with both
seizure and epilepsy in the NCBI database. Results were nar-
rowed to those that were in English; we also excluded arti-
cles that did not include anterior instability or that had ante-
rior dislocations that were not associated with seizure.
Patients described in the literature were categorized based
on what type of procedure was performed and if the shoulder
re-dislocated postoperatively. Further information, includ-
ing the cause of the seizures, presence of Bankart or Hill
Sachs lesions, and range of shoulder motion after the proce-
dure, was also used if available.

In addition, the case series includes three patients from
Temple University Hospital in Philadelphia, PA who pre-
sented with anterior shoulder instability resulting from sei-
zure. IRB approval was obtained prior to accessing patient
records.

Case Reports

Case 1

Patient CH is an 18-year-old male with a history of epi-
lepsy and a single prior anterior dislocation which occurred
in the setting of a seizure now presenting to the emergency
department with left shoulder pain and deformity without
neurovascular deficits. Imaging at that time demonstrated an
anterior dislocation with an isolated Hill-Sachs lesion and a
concentric reduction was obtained under conscious sedation.
One month later, this patient again dislocated the shoulder
while jumping into a river and Xrays confirmed another
anterior shoulder dislocation with both a Hill-Sachs and a
bony Bankart lesion. The shoulder was reduced in the emer-
gency department. On follow-up, advanced imaging (Figure
1) revealed a complete loss of the anterior and inferior gle-
noid labrum, a large Hill-Sachs lesion, and the shoulder was
indicated for surgery. A diagnostic arthroscopy, debride-
ment, and anterior capsule labral repair/Bankart repair with
an open capsular shift was performed and the patient was
placed in a sling for six weeks.
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Figure 1. Magnetic Resonance Imaging of a loss of the anterior and inferior glenoid labrum and a Hill-Sachs lesion in the left shoulder.

Over the following 19 months, the patient presented to the
emergency department four times with seizures due to
reported noncompliance with his medication, twice with
concurrent anterior shoulder dislocations. A CT study of the
shoulder conducted one month later revealed a large, chronic,
Hill-Sachs deformity with at least two small bone fragments
measuring up to 5 mm within the defect and a Bankart lesion
encompassing greater than 25% of the glenoid articular sur-
face with multiple small bone fragments within the soft tis-
sue and joint space anterior to the glenoid (Figure 2). The
patient underwent a Latarjet procedure four months later.
The patient presented to the emergency department one
month later with a seizure but no dislocation. Imaging stud-
ies conducted one month and two months postoperatively
(Figure 3) indicate no new fractures or instability.

Case 2

Patient LB is a 25-year-old female with a history of sei-
zures and multiple anterior left shoulder dislocations despite
nonoperative treatment. MRI of the left shoulder (Figure 4)
demonstrated an anterior labral tear, superior migration of
the humeral head, and a Hill-Sachs lesion. One month later,
the patient underwent bone grafting of the Hill-Sachs lesion
and a Bankart repair. Two years postoperatively, she returned
due to a seizure-induced left anterior shoulder dislocation
and radiographs which revealed a large Hill-Sachs lesion.
This was not problematic until a year later when she returned
for bilateral shoulder dislocations after a seizure, followed
by a subsequent dislocation the next year. Arthrography of
the left shoulder confirmed the Hill-Sachs lesion and gleno-
humeral instability.
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Over the course of the following four years, LB returned
to the emergency department with two right shoulder ante-
rior dislocations and two bilateral anterior dislocations, all
of which were managed with closed reductions. An arthro-
gram of the left shoulder during this period indicated sublux-
ation, an attenuated anterior labrum, and absence of the
anterior inferior glenohumoral ligament, while radiographs
after the last right shoulder dislocation revealed a greater
tuberosity fracture (Figure 5). Open reduction and internal
fixation of the right greater tuberosity was performed with
concomitant Bankart repair of the labrum and bursectomy.
In the months following the procedure, the patient presented
once with a seizure associated anterior left shoulder disloca-
tion which was reduced under sedation. An Xray of the left
shoulder indicated an increased irregularity of the superior
surface of the humoral head likely due to trauma and chronic
dislocation but no evidence of joint effusion was found (Fig-
ure 6). Xrays of the right shoulder conducted three months
postoperatively showed healing with some residual minimal
deformity but otherwise congruent joint spaces.

Case 3

Patient HM is a 38-year-old epileptic male who under-
went a left shoulder arthroscopy with debridement, a Ban-
kart repair, and bone grafting of the Hill-Sachs lesion. He
had a two-year precedent history of seizure-related anterior
left shoulder dislocations and preoperative imaging (Figure
6) demonstrated both Bankart and large Hill-Sachs lesions.
Nineteen months later, the patient presented to the depart-
ment again with a seizure-related left anterior shoulder dis-
location which was managed with a closed reduction. Radio-
graphs indicated that the Hill-Sachs lesion had recurred.
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Figure 2. Left shoulder Hill-Sachs lesion with two small bone fragments as
well as a Bankart lesion.
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Figure 3. Imaging two months postoperatively showing no new fractures.

Figure 4. Magnetic Resonance Imaging showing an anterior labral tear, superior migration of the humeral head, and a Hill-Sachs lesion.

In the following year, he suffered two more anterior left
shoulder dislocations, one while sleeping and one during
seizure. Both were managed with closed reductions. An
arthrogram (Figure 7) and CT (Figure 8) revealed large
Bankart and Hill-Sachs lesions, a SLAP tear, small partial-
thickness articular surface tears of the posterior supraspina-
tus and anterior infraspinatus tendons at the insertion, and an
intra-articular loose body at the subscapularis recess (Figure
7). Over the next four years, the patient experienced one
dislocation, not associated with seizure, which was managed
with closed reduction. An MRI of the shoulder at age 46
revealed that the Bankart lesion was mostly healed, a slightly
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smaller size of the Hill-Sachs deformity, a complete tear of
the superior and posteriosuperior labrum with displaced
labrum extending into the superior glenohumeral joint, and
slightly increased tearing of the supraspinatus tendon com-
pared to the previous study (Figure 9). A CT performed two
years later revealed a new, healing, corocoid process frac-
ture. Two months after the CT, an arthroscopic revision of
the anterior labral repair along with an open osteochondral
allograft reconstruction of the humeral head/mega-OATS
procedure was performed. One postoperative radiograph
identified no lesions or fractures.
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Figure 5. Radiograph showing a right greater tuberosity fracture.

Discussion

In this case series, three patients with seizure-related
recurrent anterior shoulder dislocations are described (four
total shoulders, as LB had bilateral dislocations), each fail-
ing conservative treatment and requiring surgery. All three
patients dislocated after their initial Bankart repairs (and
Hill-Sachs repairs for LB and HM). A second procedure was
necessary in two cases (Latarjet for CH and humoral head
allograft and labral revision repair for HM), while LB under-
went a Bankart repair on the other shoulder, which has not

Figure 6. Imaging showing left Bankart and Hill-Sachs lesions.
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dislocated since. After the second surgery, no further dislo-
cations were reported for CH or HM.

When a shoulder dislocation is identified, closed reduc-
tion should be attempted and may provide definitive treat-
ment, particularly in first time dislocators.> "'® Medication
noncompliance and violent, traumatic seizures with large
bony defects significantly complicate management of these
injuries in patients with a history of epilepsy and surgical
intervention is frequently needed.* Even then, some proce-
dures failed to provide a permanent solution, and the patients
required subsequent surgeries.* 7 !!
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The Bankart and Putti-Platt procedures, two commonly
performed soft tissue repairs which address glenoid and
labral defects, result in frequent recurrence of dislocation
when performed on a patient with a bony defect.’ Bony pro-
cedures such as femoral head allografts, extension of the
glenoid articular surface using an iliac crest-derived bone
buttress, and the Latarjet procedure have been shown to have
success in preventing recurrence.” > ¢

Bremner et al. described a patient who suffered a seizure
due to an excessive dose of tramadol hydrochloride and nor-
triptyline with bilateral anterior shoulder dislocations and
accompanying Hill-Sachs lesions. Both shoulders under-
went a closed reduction; one regained full range of motion,
but the other dislocated again and required an open reduc-
tion with a femoral head allograft.” Cottias et al. documented
a patient with bilateral anterior dislocations and both cora-

Figure 7. Left shoulder large Bankart and Hill-Sachs lesions, a SLAP tear, small partial-thickness articular surface tears of the posterior supraspinatus and
anterior infraspinatus tendons at the insertion, and an intra-articular loose body at the subscapularis recess.
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Figure 8. Left large Hill-Sachs and Bankart lesions.

Figure 9. Imaging showing tearing of the supraspinatus tendon.

coid and greater tuberosity fractures after a hypoglycemic
seizure. One shoulder regained full range of motion after a
closed reduction, while the other required fixation of the
tuberosity with cancellous screws and later, a Latarjet proce-
dure, before becoming stable. The patient retained full range
of motion in both shoulders at a two-year follow-up.®
Aufderleide et al. described an anterior dislocation after a
seizure suffered during alcohol withdrawal that underwent
a closed reduction,” while Rawat et al. decribes the
closed reduction of an anterior dislocation suffered from
an eclampsia-related seizure.!® Taneja,!! O’Connor,'? and
Monoharan'® all reported closed reductions of bilateral ante-
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rior dislocations occurring after first-time seizures of
unknown cause, all of which resulted in full range of motion
and strength.

Anterior instability in epileptic patients was also managed
successfully by closed reduction in some cases. Lasanianos
et al. described a patient with bilateral anterior dislocations
and Hill-Sachs lesions, as well as one greater tuberosity frac-
ture, following an epileptic seizure. Both shoulders under-
went closed reductions and greater tuberosity fracture was
internally fixed. Both shoulders had full range of motion at a
four-month follow-up.!* Mofidi et al. reported another bilat-
eral anterior dislocation (one recurrent, one new) after an
epileptic seizure that underwent a closed reduction.'® Reth-
nam et al. mentioned a patient with an epileptic seizure-
associated dislocation that was managed with a closed
reduction. It was noted that the patient had neither a Hill-
Sachs nor a Bankart lesion.'® Buhler et al. documented four
closed reductions of epileptic patients’ shoulders. Two of
them were the first procedure performed on the shoulder,
one of whom had a Hill-Sachs and the other a Bankart lesion,
while the other two followed unsuccessful Eden-Lange-
Hybinette procedures, one on a shoulder with both Hill-
Sachs and Bankart lesions and one on a shoulder with nei-
ther. None of the four shoulders required subsequent
procedures after the closed reductions.*

Not all closed repairs proved to be entirely successful.
Ribbans described an epileptic patient with bilateral anterior
instability managed by closed reduction. One shoulder
regained nearly full range of motion, while the other
remained stiff with abduction limited to 60° and external
rotation to 5°.!” Weng et al. performed a reconstruction of
large bony glenoid lesions with femoral head allografts and
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capsular shifts on four epileptic patients who had previously
undergone closed reductions and redislocated. One of the
four dislocated again after the procedure, and was success-
fully managed with another closed reduction. These patients
had Rowe scores averaging 21 preoperatively and 81
postoperatively.?

All three patients included in the case series had under-
gone at least one closed reduction as the first line of treat-
ment for their dislocation. As described in the literature, the
shoulders subsequently redislocated and required manage-
ment with open reductions (LB had both shoulders unsuc-
cessfully managed with closed reduction). In each case,
Bankart repairs were the first surgery performed.

Soft tissue repairs showed mixed results when used to
manage anterior shoulder instability. The techniques used
commonly in the literature included the Bankart repair, Cap-
sular shift, Putti-Platt, and Remplissage. Buhler et al.
detailed soft tissue repairs performed on eight shoulders.
Three of the shoulders (one with a Hill-Sachs lesion, one
with a bony Bankart lesion, and one with both) were stable
after a single Bankart repair, and one (with both Hill-Sachs
and Bankart lesions) that had previously been managed with
derotation osteotomy was also successfully managed by the
Bankart repair.* Sonel et al. also reported Bankart repairs
performed, with Remplissage, on two shoulders with Hill-
Sachs lesions. These repairs succeeded in stabilizing the
shoulders, but they were left with limitations, particularly in
extension (both 20°), internal rotation (25° and 20°), and
external rotation (30° and 35°)."* Weng et al. described a
Bankart repair performed on a shoulder with a Hill Sachs
lesion that required a further Femoral Head Allograft to
achieve successful stabilization.? Buhler et al. also reported
three unsuccessful Putti-Platt procedures, all performed on
shoulders with both Hill-Sachs and Bankart lesions. The
three shoulders required subsequent bony repairs (derotation
osteotomy, bone block, and Eden-Lange-Hybinette) before
stability was achieved. They also described an unsuccessful
Inferior Capsular Shift that required a subsequent bone block
and Bankart repair. Of these cases, the Bankart repair was
successful in 80% of cases (85.7% if counting Bankart and
Remplissage performed together), while the Putti-Platt was
not successful in any case (this may be because the Putti-
Platt does not address the bony lesions).%* '8

CH underwent a diagnostic arthroscopy, debridement, and
anterior capsule labral repair/Bankart repair with an open
capsular shift after closed reductions failed, but within 19
months, the shoulder had redislocated twice. LB’s left shoul-
der was managed with a Bankart repair and bone-grafting of
the Hill-Sachs lesion, but dislocated two years after the sur-
gery and has dislocated three times since then. LB’s right
shoulder was managed with a Bankart repair, bursectromy,
and fixation of a fractured tuberosity, and has not dislocated
since. HM underwent a debridement, Bankart repair, and
Hill-Sachs graft after six unsuccessful closed reductions, but
dislocated the shoulder during a seizure 18 months postop-
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eratively. The Bankart repair was offered to these patients as
the first operative treatment prior to attempting a bony repair,
but was only successful in the instance of LB’s right shoul-
der, which is in accordance with the success rate described in
the literature. CH and HM underwent a second, bony
procedure.

Common bony repairs included femoral head autografts
and allografts, bone buttressing, Latarjet and Bristow proce-
dures, and the Eden-Lange-Hybinette procedure. Bone but-
tressing and femoral head autografts/allografts involve ante-
rior extension of the glenoid by securing the autograft or
allograft to the deficient anterior rim. Eden-Lange-Hybinette
is another bone block used to augment the anterior glenoid
rim. The Latarjet and Bristow procedures involve the trans-
fer of the coracoid process through the subscapularis and
attachment to the anterior rim of the glenoid. The Latarjet
involves transfer of a larger portion of the coracoid which
results in the formation of a sling by the conjoint tendon.
MEGA-OATS involves the transfer of a cylindrical osteo-
chondral plug into a damaged area. Derotation osteotomy
was also used in some cases, and some bony repairs were
accompanied by soft tissue procedures. Buhler et al. reported
four unsuccessful Eden-Lange-Hybinette procedures (three
performed on patients with both Hill-Sachs and Bankart
lesions, one with neither). Two of these shoulders required
subsequent repositioning, one an Allograft and Bristow, and
one an Arthrodesis before stability was achieved. They also
described a successfully performed derotation osteotomy, a
Bristow, and two allografts on shoulders that had not been
previously operated on, as well as a derotation osteotomy, a
bone block, and a bone block with a Bankart procedure per-
fomed on shoulders that had previously been treated unsuc-
cessfully with soft tissue repairs.*

Raiss et al. reported mixed results with the Latarjet proce-
dure, which was performed on 14 shoulders, all of which had
both Hill-Sachs and Bankart repairs. Patients had an average
postoperative Rowe score of 76; average flexion decreased
from 165° to 160°, and external rotation from 54° to 43°.
Eight patients continued to have seizures, and six of the
shoulders dislocated (43%). Five of these were managed
with bone buttresses, and of these, two were also treated
with a Putti-Platt procedure and one with a capsular shift.
Two dislocated again but were successfully managed with
another bone buttress. Raiss et al. thus recommend the Lata-
jet for well-controlled epileptics who experience minimal
seizures and instead dislocate while doing physical activity
throughout their daily lives.® Allografts were found to be
used most in the literature for treatment of recurrent instabil-
ity. Hutchinson et al. described 15 shoulders treated with
bone buttress autografts from either the iliac crest or femoral
head. Of the 15 shoulders, three had previously been treated
with Bankart repairs, three with Bristow, and three with
Putti-Platt. Thirty-two months postoperatively, none of the
patients experienced dislocation, but they had some limita-
tion in external rotation. Hutchinson attributes the success of
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the bone buttress over the Eden-Lange-Hybinette to the
larger size of the graft and subsequent greater extension of
the glenoid curvature.” Weng et al. reported five femoral
head allografts with capsular shifts performed on epileptic
patients, four of whom had previously been treated with
closed reductions, and one with a Bankart repair. One of
these patients experienced a further dislocation that required
closed reduction, and one had a self-reduced sublaxation.
Rowe scores increased from a preoperative average of 24 to
a postoperative average of 84.> Bremner et al. described a
successful femoral head autograft performed with a rotator
cuff repair on a patient who had previously undergone a
closed reduction and who regained full range of motion
postoperatively, while Nathan et al. reported a successful
humeral head allograft.” Lastly, Mehta et al. described a
humeral head plasty performed on a massive Hill-Sachs
lesion locked onto the anterior glenoid. This procedure was
paired with capsular release and a Bankart repair and resulted
in a stable shoulder six months postoperatively but that had
clinically asymptomatic avascular necrosis. Based on the
literature, various allografts used to extend the glenoid cav-
ity have a high success rate (87.1%) when compared to the
other two procedures mentioned most frequently: the Latar-
jet (57%) and Eden-Lange-Hybinette (0%)." %47

Neither of the patients who underwent bony procedures
have experienced a dislocation since their second surgery.
HM underwent a labral revision repair and mega-OATS
allograft reconstruction of the humoral head, while CH
underwent a Latarjet procedure. HM’s shoulder reported no
significant changes seven months postoperatively, while CH
has not dislocated in the 13 months since their surgery,
despite their large Hill-Sachs deformity being left
unaddressed.

The Latarjet is a particularly useful procedure as it pro-
vides both bony stability to the glenoid as well as creating a
sling from the conjoin tendon that acts on the subscapularis
when the arm is abducted and externally rotated to guard
against anterior and inferior dislocations. This explains the
Latarjet’s effectiveness in patients with anterior dislocations
unassociated with seizure, and why it is an approach that
should be used, in addition to management of seizure, for
these patients.

Management of the three patients has demonstrated that
closed reduction is not an effective treatment, as all four
shoulders redislocated both with and without seizure. The
literature shows success with closed reduction limited to
patients with single episodes of seizure or absence of gleno-
humoral defects. These types of dislocations warrant surgi-
cal planning and the decision of whether to use a soft tissue
or bony procedure. Patients that do not have large bony
lesions in the glenoid or humoral head can be managed with
a soft tissue repair such as the Bankart. This was the case
with LB’s right shoulder which did not have a Hill-Sachs
lesion and was successfully managed by the Bankart proce-
dure. In the case of patients with bony lesions frequently
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produced by high-energy injury or recurring dislocation, a
more aggressive approach with bony repair is likely neces-
sary; all three such shoulders redislocated after the first
Bankart repair. The Latarjet and labral revision/mega-OATS
were successful for CH and HM, respectively, suggesting
that Bankart may be bypassed in patients with similar
lesions. Another necessary aspect of management for all of
these patients is the optimization with their primary care
physician and neurologist to prevent further seizures, as
these were associated with many of the dislocations. Strict
monitoring of the patients and medication compliance can
reduce the number of seizures and subsequent stress on the
repaired shoulder.
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Case Report

Arthroscopic Ankle Arthrodesis Using a TTC Retrograde
Nail: Case Report and Technique Discussion

Eric Gokcen, MD
Department of Orthopaedic Surgery, Lewis Katz School of Medicine at Temple University, Philadelphia PA

Abstract

Arthroscopic ankle arthrodesis has been shown to pro-
vide quicker and more reliable healing, but has typically
been reserved for minimal deformity ankle arthritis.®4
The following case report demonstrates an expanded
indication for arthroscopic ankle arthrodesis in patients
with deformity and associated comorbidities that would
put them at significant risk for complications with open
procedures. By doing the procedure arthroscopically, the
risk of wound complications is significantly reduced, yet
using a TTC nail provides significantly increased stability
across the fusion site compared to percutaneous screw
fixation.

Case Report

The patient is a 67-year-old male with diabetes, end stage
renal disease (ESRD) on dialysis, and peripheral neuropathy
who initially presented with chronic, progressively worsen-
ing left ankle pain. His examination revealed an ankle effu-
sion with no erythema and skin intact with no ulcers. The
ankle had a painful limited range of motion and was in val-
gus alignment. No instability was noted. He had decreased
sensation in the foot, with good palpable pulses. X-rays of
the left ankle (Figures 1A—C) revealed end-staged osteoar-
thritis of the tibiotalar joint with valgus alignment.

Because of the patient’s comorbidities, extensive nonop-
erative management was utilized, including bracing, aspira-
tion (normal synovial fluid, negative for infection or crys-
tals) and steroid injection. He had only a month of relief after
the steroid injection, which was repeated several times. He
was unable to take any Nsaids due to his ESRD. Despite
prolonged nonoperative management, the patient continued
to have debilitating pain, requiring him to ambulate with a
walker.

Surgical options of ankle arthrodesis were then discussed,
including the possibility of infection, nonunion, and even
amputation. The patient was willing to take those risks to
alleviate his pain. Due to his high risk of soft tissue compli-
cations from his comorbidities, a decision was made to pro-
ceed with an arthroscopic ankle arthrodesis. In addition,
there was concern that percutaneous screw fixation would
not provide adequate long-term stability of the fusion site
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which would be anticipated with a diabetic patient with
peripheral neuropathy and ESRD. Therefore, a decision was
made to utilize a retrograde hindfoot nail for stabilization. In
addition, arthroscopic allograft bone grafting of the fusion
site would be included to maximize the healing potential.

Technique

The patient was positioned supine with a thigh tourniquet
and using a Ferkel thigh holder. Skin traction was applied
and the ankle routinely arthroscoped utilizing standard
anteromedial and anterolateral portals. As expected, there
was extensive osteoarthritis with bone on bone apposition in
the lateral aspect of the ankle joint. Any remaining cartilage
was removed with a shaver, and the surface of the bone was
then taken down to bleeding bone with an arthroscopic burr.
Trinity Elite bone graft was then passed through a trocar and
evenly spread throughout the joint with a Freer elevator.

Skin traction was removed and the ankle was provision-
ally held in appropriate alignment utilizing K-wires. Intraop-
erative fluoroscopy was performed to confirm the position of
the ankle. Care was taken to ensure correction of the valgus
deformity. A Synthes Hindfoot nail was implanted retro-
grade through a plantar incision, using fluoroscopy for cor-
rect placement. To maximize fixation, a spiral blade was
utilized in the calcaneus, with locking screws in the talus and
tibia after applying manual compression. Intraoperative flu-
oroscopy was used to confirm good position of the ankle and
the implant. The small wounds were then closed routinely
and the patient was placed into a sugar tong splint.

The patient was kept nonweightbearing and followed up
in the clinic two weeks postoperatively for a wound check.
All the wounds had healed nicely. The patient had less swell-
ing then preoperatively and had minimal pain. He was placed
into a short leg cast and instructed to remain nonweightbear-
ing. He returned at the six-week postop visit for cast removal
and x-rays (Figures 2A—C) which revealed maintenance of
alignment with hardware in good position and early fusion.
He was placed into a cam boot, remaining nonweightbear-
ing, and scheduled to follow up with more x-rays in another
month. At three months, he initiated weight bearing as toler-
ated, and by six months, he could ambulate full weight bear-
ing with no pain, with mild residual swelling around the
ankle. All wounds had healed well. X-rays revealed good
progression of the fusion at three months, and stable at six
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months (Figure 3). There were no hardware complications
nor loss of alignment.

Discussion

Ankle arthrodesis is the gold standard for treating
advanced ankle arthritis that has failed nonoperative treat-
ment.'~* More recent literature has supported the use of plate
or intramedullary fixation to improve construct stability for
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Figure 2A-C. Ankle x-rays six weeks
postoperatively.

patients that are higher risk for delayed or nonunion.>” How-
ever, implantation of those devices has typically required
more extensive exposure which in many high risk patients,
increases the risk of postoperative soft tissue complications
such as wound infection and dehiscence.

Arthroscopic ankle arthrodesis has been demonstrated to
lead to faster and higher fusion rates at a lower overall cost,
but has been limited to patients without significant defor-
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Figure 3A—C. Ankle x-rays six months
postoperatively.

mity.*'* Fixation has typically been with percutaneous
screws which is effective for the standard patient. However,
for high-risk patients, this fixation construct may not provide
adequate fixation for the longer healing times required. As
previously noted, plate fixation significantly improves con-
struct stability; however, arthroscopic approaches are not
amenable to plate fixation, since an open incision is required
for implantation. Alternatively, retrograde nailing requires
relatively small incisions that are located distant to the ankle
fusion site, and are thus less likely to result in wound com-
plications. Only one published series in the literature is from
Sekyia et al.,'’ which was a case series in 2011 of nine ankles
that underwent arthroscopic ankle arthrodesis with retro-
grade nail fixation. Eight of the ankles went on to union and
there were no soft tissue complications. Rico et al.'® reported
on the two-year follow up of two patients that underwent
arthroscopic TTC with a retrograde nail. They obtained
fusion of both cases with good improvement in their AOFAS
scores and no complications.

One question that presents with retrograde nailing for
ankle arthrodesis is whether the subtalar joint needs to be
fused at the same setting. Does placing the nail across an
intact subtalar joint have any adverse effects? Lowe et al.!”
did a cadaveric study of retrograde ankle nailing and deter-
mined that only 6% of the talar posterior facet and 4% of
posterior facet of calcaneus was damaged. There was no
damage to the middle facet. In a clinical setting, Mulhern'®
performed a multicenter medical record review comparing
TTC arthrodesis with and without subtalar arthrodesis and
found no difference in outcomes at midterm follow up. There
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was, however, significantly increased subtalar joint deterio-
ration on x-ray. With limited data to define the parameters
for subtalar arthrodesis, it may be reasonable to consider
adding a subtalar arthrodesis in the more active and healthier
patients, but avoid the additional fusion site risk of nonunion
and surgical morbidity in the less active, higher risk patients
who have a normal subtalar joint. Since the overarching
concept of doing an arthroscopic ankle arthrodesis with a
retrograde nail is to minimize soft tissue compromise and
provide better stabilization in the high-risk patient, then in
these circumstances, avoiding the subtalar joint is a reason-
able consideration.

Conclusion

Arthroscopic ankle arthrodesis with retrograde nail stabi-
lization is a good option for high-risk patients. The
arthroscopic approach minimizes the soft tissue morbidity
associated with open procedures and provides faster and
more reliable fusion rates. The addition of a retrograde nail
for stabilization improves the stability of the construct to
allow for the prolonged healing time that is anticipated in
high-risk patients, but adds only minimal morbidity to the
soft tissues during surgery. In addition, high-risk patients
with a normal subtalar joint appear to tolerate nailing with-
out the need for concomitant fusion of the subtalar joint.
High-risk patients requiring ankle arthrodesis may benefit
from arthroscopic ankle arthrodesis with stabilization utiliz-
ing a retrograde hindfoot nail.
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Abstract

Delayed diagnosis of a Monteggia fracture-dislocation
changes a straightforward, treatable injury into a complex
problem. Acute neonatal injuries may be missed due to
the inability to visualize the unossified skeleton on x-ray,
interpreted later as “congenital” dislocations. We report
the case of a 14 month old with a neonatal Monteggia
type-I fracture dislocation secondary to birth trauma,
with anterior radial head dislocation and plastic deforma-
tion of the ulna. Uniplanar external fixation was used to
restore ulnar length and correct angulation, with subse-
quent radiocapitellar joint closed reduction. Joint congru-
ity was maintained at two-year follow-up, with articular
remodeling demonstrated on serial arthrogram.

Introduction

Delayed diagnosis of a Monteggia fracture-dislocation
changes a straightforward, treatable injury into a complex
and often insurmountable problem. Untreated cases can be
complicated by pain and functional limitations, including
pain with activity, progressive valgus deformity of the
elbow, and limitations of forearm rotation.' There is cur-
rently no consensus on the appropriate treatment algorithm
with respect to surgical indications, timing, or technique.
Some authors have recommended an individualized
approach to each patient.* There is consensus that restoring
satisfactory function becomes more difficult over time as the
local anatomy changes in response to the injury. The radial
head and capitellum become progressively deformed,
remodeling of the original fracture angulation results in a
straighter, but shorter bone, and the medial collateral liga-
ment becomes incompetent. As a result, over time the surgi-
cal options become more limited and complex, discouraging
reconstruction after 3—5 years from injury.’”” We report the
case of a 14-month-old male with a previously undiagnosed
Monteggia type-I fracture dislocation secondary to birth
trauma, with anterior radial head dislocation and plastic
deformation of the ulna, who developed difficulty with
elbow range of motion and forearm rotation.
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Case Report

A 14-month-old boy presented for consultation with
decreased range of motion of the right elbow and forearm,
initially recognized by the family approximately three weeks
following a traumatic birth. Delivery was complicated by
failure to progress after crowning, with subsequent emergent
conversion to Cesarean section. Prior investigations by his
pediatrician and the referring orthopaedist revealed anterior
radial head subluxation and ulnar bowing, suggestive of a
chronic Monteggia fracture-dislocation. A brief trial of phys-
ical therapy had been instituted without appreciable improve-
ment. Examination revealed passive elbow motion from full
extension to 90 degrees of flexion (0—90 degrees), 30 degrees
of supination, and 60 degrees of pronation. Repeat radio-
graphs confirmed anterior subluxation of the radial head and
suggested prior plastic deformity of the distal 1/3rd of the
ulna (Figure 1). A presumptive diagnosis was made of a
Monteggia type-I fracture-dislocation with plastic deforma-
tion of the ulna secondary to birth trauma, with delayed
diagnosis and subsequent radiocapitellar joint deformation.
Confirmation was sought with an arthrogram, since the
radial head was yet to ossify.

Figure 1. Right elbow AP x-ray at the time of initial presentation demon-
strating anterior subluxation of the radial head and evidence of prior plastic
deformity of the distal 1/3rd of the ulna (3-27-2014).
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The arthrogram demonstrated a convex radial head, con-
sistent with the chronicity of the injury, but also a convex,
round capitellum, suggesting that the radiocapitellar joint
had been congruous at one time. The radial head had
migrated proximally, with overlap between the radial head
and capitellum. The ulnotrochlear joint was well reduced
(Figure 2). The decision was made to restore ulnar length
and angulation using an external fixator, without directly
addressing the radiocapitellar joint. The fixator (Orthofix
Mini Rail, The Colony, TX) was applied through a direct
ulnar incision. A sub periosteal dissection of the ulna was
performed at the osteotomy site, maintaining the periosteum
in continuity. The ulna was cut using a reciprocating saw,
with irrigation to limit thermal necrosis. Apex posterior
angulation of the ulna was created and maintained with the
articulated fixator device (Figures 3—4). Lengthening was
started seven days postoperatively, and continued for 24
days until adequate ulnar length had been achieved (approxi-
mately 24 mm). Repeat arthrogram in the operating room
confirmed a congruent radiocapitellar joint reduction that
was stable through full passive range of motion of the elbow
and forearm (Figure 5). The fixator was then secured in posi-
tion and a long arm cast was applied. The cast and external
fixator were removed in the operating room four weeks later.
A protective, thermoplastic flexion splint was fabricated by
the occupational therapy department and worn for an addi-
tional four weeks following external fixator removal.

Figure 2. Right elbow AP view of arthrogram demonstrating a convex
radial head, which has migrated proximally, overlapping with a convex,
round capitellum (4-30-2013).

-Fi-gure 3. Clinical photograph intraoperatively of the ulnar osteotomy site
following uniplanar external fixator placement.

Figure 4. Right elbow lateral view of intraoperative fluoroscopy demon-
strating the articulated external fixator placement with apex posterior
angulation of the ulna (4-30-2013).

At three-month follow-up, examination the range of
motion had markedly improved, with a 50-degree increase
in supination (80 degrees total), nearly equal to the contralat-
eral forearm (85 degrees). Pronation was maintained equiva-
lent to the contralateral side, and passive elbow motion
improved modestly to 0-100 degrees. Radiographs con-
firmed a healed osteotomy site, with the radius pointing to
the capitellum on all views (Figure 6). These results were
maintained at the most recent two-year follow-up (Figures
7-8). A repeat arthrogram demonstrated marked radial
head remodeling and a congruent radiocapitellar articulation
(Figure 9).
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Figure 5. Right elbow lateral view of intraoperative fluoroscopy demon-
strating approximately 24 mm of distraction at the osteotomy site with
interval callus formation and maintenance of the apex posterior angulation
(5-24-2013).

Discussion

Monteggia fracture-dislocations in children are uncom-
mon, comprising 1.5-3% of all pediatric elbow injuries.®
Following the original description by Giovanni Monteggia
in 1814, Bado described a classification system based on
radiographic patterns and mechanisms.® Bado type I lesions
are generally accepted as the most common in the pediatric
population (70%). A variant of the type I lesion was also
described by Bado, with plastic deformation of the ulna and
an associated radial head dislocation (rather than the stan-
dard anteriorly angulated ulnar diaphyseal fracture), which
is thought to be less common.? ! Plastic deformation of the
ulna is often missed, likely resulting in an under-reporting of
the incidence. Untreated dislocations can result in pain,
deformity, and loss of motion that persist into adulthood.!
Emphasis has been placed on early recognition and treat-
ment, with excellent results reported with non-operative and
operative methods in the acute setting.'> 3

A neonatal Monteggia fracture is an undescribed entity. In
this case, it is certainly possible that the birth trauma did not
cause the radial head dislocation, but rather the condition
existed in utero. Had the loss of motion not been appreciated
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Figure 6. Right elbow lateral x-ray demonstrating a healed osteotomy site,
with the radius pointing to the capitellum on all views.

by the family until later in life, subsequent radiographs may
have appeared like a congenital dislocation. In this case,
whether due to a true Monteggia fracture-dislocation or a
congenital dislocation, we were able to secure a stable,
aligned radiocapitellar joint that has maintained reduction at
two years of follow up. The radial head changed from con-
vex to concave, indicative of remodeling and concentric
joint loading. The benefits include an improvement in motion
and restoration of the critical radial column of the elbow.
This should protect the child from the long-term valgus
instability for which there is currently no solution.

Although we cannot be certain, we believe the curvature
of the ulna and the convexity of the capitellum suggest that
in this case there was an injury rather than a congenital dif-
ference. Indeterminate factors include the amount of remod-
eling that might have occurred over time,'” and therefore the
available time interval we have to recognize these injuries.
We do not hypothesize that all “congenital” dislocations are
Monteggia fracture-dislocations, rather that some may be.
Dislocations identified within the first few years of life merit
at least an arthrogram for evaluation of radial head and capi-
tellum development. A well-developed radial head and
capitellum may be more amenable to attempted reduction.
Delayed diagnosis in “congenital” dislocations may lead
to anatomic complexity that discourages attempted joint
reduction.'* 20

This case is notable not only because of the timing and
diagnosis of the injury, but also because we performed an
ulnar osteotomy and lengthening via uniplanar external fixa-
tion, with indirect reduction of the radiocapitellar joint.
There is currently no consensus on the treatment of missed
Monteggia fractures.'*2° The most commonly reported
options include an ulnar osteotomy to correct angulation and
either acute or gradual ulnar lengthening or radial shorten-
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Figure 7. Clinical photograph demonstrating range of motion at two-year follow up. Supination of 80 degrees on the righf (operative)

side, a 50-degree improvement, and nearly equal to the contralateral forearm (85 degrees), full pronation, and elbow range of motion

from 0 degrees (full extension) to 100 degrees of flexion.

Figure 8. Right Forearm AP x-ray in supination demonstrating a
healed osteotomy site, with the radius pointing to the capitellum on
all views (2-9-2016).

ing.! 131618 Prior series’ utilizing ulnar osteotomy for radial
head reduction have reported good short-term (three year)
and long-term (eight year) results with respect to range of
motion, restoring near full forearm pronation (average 85°,
range 70°-90°) and retaining only a small 10-degree deficit
in supination.'”?° Correlations between radiographic out-
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Figure 9. Right elbow AP view of the repeat arthrogram revealing
marked radial head remodeling, with restoration of convexity and joint
congruency at the completion of treatment (2-9-2016).

comes and delay to ulnar osteotomy have been reported,
with poorer results and increased risk of redislocation after
40 months. Radial head deformation is recognized as a
potential reason for the residual loss of motion due to psue-
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dosubluxation or joint incongruity,'” % with progressive
deformity the longer treatment is delayed."’

Due to the overlap of the radial head and capitellum, we
opted for lengthening of the ulna prior to addressing the
radiocapitellar joint directly. As has been previously
described, an overcorrection of the extension posture of the
ulna was added to point the radial head towards the capitel-
lum."” The arthrogram was critical both for decision-making
and implementation of the plan intraoperatively. After nearly
four weeks, we were able to affect a closed radiocapitellar
joint reduction in the operating room. Again, the arthrogram
was indispensable for confirming that we had the required
length and that the desired radial head position had been
achieved. A third visit to the operating room was necessary
for fixator removal. Repeat arthrograms revealed the ability
of the radial head to remodel, with restoration of convexity
and joint congruency at the completion of treatment (Figure
9). The combination of a stable reduction and remodeled
joint congruity led to excellent results with respect to pain
relief and range of motion, with our patient achieving full
pronation and lacking only 5-10 degrees of supination in
reference to the contralateral forearm, which is comparable
to prior reports.'”%

In conclusion, Monteggia lesions are ideally managed in
the acute setting, with successful outcomes following closed
reduction.® °* However, good long-term radiographic and
clinical results have been reported up to 40 months after
injury via ulnar osteotomy and lengthening.?* Our neonatal
case demonstrates the successful use of the principles of
ulnar osteotomy and gradual lengthening to achieve a stable,
closed reduction with subsequent joint remodeling, with
decreased pain and improved forearm and elbow motion
clinically.
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Does Weight-Bearing Assignment After
Intramedullary Nail Placement Alter
Healing of Tibial Shaft Fractures?

DustiN A. GREENHILL, MD

Introduction

There is no consensus regarding postoperative weight-bearing (WB) assignment
after treatment of tibial shaft fractures with an intramedullary nail. This study aims
to determine if the postoperative WB assignment after tibia intramedullary nail
placement alters healing.

Methods

Closed AO type 42A fractures treated with a reamed statically-locked intramedul-
lary nail over a 10-year period were retrospectively reviewed from injury at two-,
three-, six-, nine- and 12-month intervals until union or revision. Patients were
categorized according to postoperative weight-bearing assignment: weight-bearing-
as-tolerated (WBAT) or non-weight-bearing (NWB). Patients with additional diag-
noses that confound routine fracture healing were excluded. Postoperative radio-
graphic union scores for tibial fractures (RUST), coronal/sagittal angulations, and
length were compared between different weight-bearing groups. Union was defined
as a RUST >10 at a painless fracture site.

Results

A total of 83 patients achieved union (32 WBAT, 51 NWB). Both WB groups had
similar preoperative demographics. Average age was 37 + 13 years and follow-up
averaged 1.3 £ 0.2 years. There were no significant differences in average time to
radiographic union between NWB versus WBAT groups (5.5 vs. 6.1 months, respec-
tively; P = 0.208) nor radiographic healing at two-, three-, and six-month intervals
(P =0.631). There were two nonunions and one fracture shortened in the NWB
group. There were no reoperations for symptomatic or broken hardware in either
cohort.

Conclusion

Immediate WBAT after statically-locked intramedullary nail placement in simple
tibial shaft fractures does not alter the time until or course of radiographic union.
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Going Rogue with Perioperative
Antibiotics in Ankle Fracture Surgery:
Who Are We Protecting?

JamEs R. LacamaN, MD

Introduction

Surgeon preference has been replaced in favor of an approach using evidence-
based medicine for most things in Orthopaedics. The use of perioperative antibiosis
in ankle fracture surgery is standardize for inpatients (24 hours of antibiotics post-
operatively) but variable for outpatient surgery. Some surgeons prefer to prescribe 24
hours of oral (PO) antibiotics while others give no antibiotics at all post-operatively.
In this study, inpatients receiving 24 hours of intra-venous antibiotics were compared
to those patients receiving 24 hours of PO antibiotics and those receiving no post-
operative antibiotics.

Methods

1,442 patients with ankle fractures requiring open reduction internal fixation were
retrospectively reviewed in this multi-centered study. Demographic data including
age, sex, BMI, and race were collected. Clinical data including diabetes status, smok-
ing status, hepatitis C virus (HCV) or human immunodeficiency virus (HIV) status,
draining wound, infection requiring additional antibiotics (abx), and infection requir-
ing return to operating room (RTOR) were compared across the groups.

Results

See data table for complete results. These data suggest no differences in incidence
of draining wound, cellulitis, or return to OR for infection between the three groups.
No differences were noted amongst the groups for any risk factors for infection
including BMI, previous infection, smoking status, HCV/HIV status, or diabetes.

Discussion

The use of antibiotics post-operatively, whether intravenous or oral, did not
decrease the incidence of clinically significant or clinically insignificant post-
operative infection. Based on the findings in this study, there is no justification for
prescribing PO antibiotics to patients undergoing outpatient open reduction and
internal fixation of ankle fractures. Furthermore, inpatients undergoing the same
procedure did not show any advantage to post-operative antibiosis and may also not
benefit from this practice.

Vocals” in a monumental upset

over Arianna at our department
karaoke night

Outpatient
Inpatient Group Group 1 Outpatient
(IV Antibiotics (PO Antibiotics Group 2
24 Hours) 24 Hours) (No Antibiotics) Totals
Number (ankles) 439 483 520 1,442

Diabetes 61 (13.8%) 71 (14.7%) 68 (13.1%) 200 (13.9%)
Smoker 131 (29.8%) 121 (25%) 143 (27.5%) 395 (27.4%)
HCV/HIV 6 (1.4%) 4 (0.8%) 9 (1.7%) 19 (1.3%)
Draining wound 24 (5.4%) 29 (6.0%) 25 (4.8%) 78 (5.4%)
Infection requiring 19 (4.3%) 23 (4.8%) 29 (5.6%) 71 (4.9%)
additional abx

Infection requiring RTOR 4 (0.9%) 3 (0.6%) 4 (0.7%) 11 (0.7%)

*None of these differences are statistically significant.
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Saving Hearts, Killing Fingers:
The incidence of Digital Ischemia
in an ICU Patient Population

ANASTASSIA NEWBURY, MD

Purpose

Digital necrosis of the upper extremity is a rare yet severe condition that generally
leads to amputation of the fingers and/or hand. Necrosis is primarily caused by
diminished or total loss of blood supply to body tissues, which can result from a
variety of factors. Upper extremity digital necrosis is an increasingly prevalent prob-
lem in hospitalized patients. There are several known risk factors in special patient
populations, such as scleroderma and other connective tissue disorders. However,
little is known about risk factors in a population of critically-ill patients requiring
blood pressure support. The purpose of this study was to identify risk factors for
upper extremity digital necrosis in critically-ill patients receiving vasopressor
support.

Methods

A retrospective chart review was conducted to gather a cohort of patients with
upper extremity ischemia, stratify the extent of the comorbidities, using the APACHE
I intensive care mortality predictor, and identify the type, number and total dosage
of vasopressors given. This data was then compared to a control group of intensive
care patients who received pressure support, but did not develop upper extremity
ischemia.

Results

The ischemia group was found to have higher predicted mortality than did the non-
ischemic group. An elevated serum sodium, low GCS, presence of organ insuffi-
ciency, elevated APACHE II score, presence of hypertension, and increasing total
number of comorbidities were found to be independent risk factors for the develop-
ment of ischemia. Total number of vasopressors, total days of vasopressor therapy
and total vasopressor doses had a moderate correlation with development of digital
ischemia and a moderate negative correlation with days to development of ischemia.
The odds ratio predictive of ischemia was highest for number of vasopressors (OR =
7.4 (p = 0.0007; 95% CI 2.7-20.2)), followed by number of vasopressors days (OR
=2.1 (p =0.0006; 95% CI 1.4-3.2)), and lowest for APACHE II score (OR = 1.1 (p
=0.03; 95% CI 1.01-1.1)). No correlation was found between burden of disease or
duration of vasopressor therapy with level of ischemia.

Conclusions

Patients on more than two vasopressors, those who receive treatment for multiple
days and those with a high APACHE II score were more like to develop digital
ischemia.
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The Incidence of Postoperative Loss
of Midline Function and Associated
Variables in Children with Brachial

Plexus Birth Palsy

ARIANNA TrRIONFO, MD

Purpose

To quantify the rate of loss of midline function (LOM) in patients with brachial
plexus birth palsy (BPBP) who previously underwent surgery about the shoulder,
as well as to identify variables associated with postoperative LOM.

Methods

Records of patients with BPBP who were treated with surgery about the shoul-
der during a 10-year period were retrospectively reviewed. Levels of palsy, serial
physical examinations, and all upper extremity procedures were recorded. LOM
was defined as modified Mallet (MMS) or Active Movement Scale (AMS) inter-
nal rotation score less than three. Exclusion criteria were as follows: <l-year
follow-up after most recent procedure, insufficient documentation, or preexisting
loss of midline function. Odd ratios were computed to identify variables associ-
ated with the development of LOM.

Results

Thirty-four (20.9%) of 162 included patients developed LOM. Predictive vari-
ables associated with LOM included: global palsy, microsurgical nerve grafting,
MMS abduction <4, AMS wrist flexion <5, AMS wrist extension <5, and AMS
finger flexion <5. Among these, patients with global palsy were most likely to lose
midline function. Age, closed shoulder reduction with casting in external rotation,
shoulder tendon transfers, surgical glenohumeral reduction, and humeral osteoto-
mies were not predictive of LOM.

Conclusions

Approximately one in every five patients with BPBP will develop LOM after
undergoing treatment aimed to improve shoulder abduction and external rotation.
Patients with global palsy, a history of microsurgery, or a physical exam consis-
tent with persistent upper and middle trunk involvement are at the highest risk for
developing subsequent LOM.
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Special Event

Resident Research Day
April 16, 2016

The Temple University Department of Orthopaedic Surgery held its annual Resident Research Day on April
16, 2016. This event showcases current Temple orthopaedic surgery residents’ ongoing and published research
endeavors. Our keynote speaker and guest judge was Daniel Horwitz, MD, Chief of Orthopaedic Trauma at Geis-
inger Health System. Dr. Horwitz presented an informative lecture entitled “The Simple and Not So Simple Ankle
Fracture.”

Jim Lachman (PGY-4) presented his first place paper, “Interosseous Fusion Techniques in the Foot: Does It
Really Hurt Less?”” Dr. Lachman performed reviews of radiographic and clinical data to determine the outcomes of
four major foot and ankle arthrodesis techniques. He concluded that implant choice whether in the midfoot, hind-
foot, or ankle does in fact have an effect on pain reported at follow-up.

Mark Solarz’s (PGY-5) paper titled “Underinsured Patients Experience Delays in Treatment and Higher Rates
of Irreparable Meniscal Injury Following Anterior Cruciate Ligament Repair” placed second at this year’s resident
research day. It revealed that underinsured populations experienced multiple delays throughout the treatment of
their ACL injury. Meniscal tear progression and increased meniscectomy rates were also associated with these
delays.

Katharine Harper (PGY-3) shared third place with Dustin Greenhill (PGY-4) for her paper on “Radiation Expo-
sure of the Pelvis Following Total Hip Arthoplasty.” Dr Harper’s paper concluded that the increased radiation expo-
sure to abdominopelvic organs was likely secondary to increased scatter and difficulty modifying radiation doses.
Dr. Greenhill assessed three brachial palsy evaluation systems in his paper, “Relationships Between Three Classifi-
cation Systems in Brachial Plexus Birth Palsy.” One conclusion made was in support of the individual use of the
modified mallet score when managing children with brachial palsy due to its lack of correlation with AMS and
Toronto scores.

Dayna Phillips, MD
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Special Event

Temple-Shriners Alumni Day 2016

A little rain never hurt anyone; however, a lot can ruin a round of golf. This year, the annual Temple-Shriners
alumni day took place at the beautiful Normandy Farm Hotel and Conference Center in Blue Bell on Friday, May
6, 2016. Unfortunately, this was one of the rainiest days in recent memory, but that would not stop the residents,
attendings, and alumni from participating in an excellent event nonetheless.

The keynote speaker this year was Dr. Matthew Ramsey of the Rothman Institute. As one of the world’s experts
in shoulder and elbow surgery, he highlighted the indications and outcomes for total elbow replacement. He was
followed by Dr. Kristofer Matullo (Class of 2008), who discussed topics and cases involving surgery of the wrist
and hand. The morning academic session was concluded by highlighting the advances in research within the depart-
ment and discussing the importance of the Lachman Fund and how instrumental it has been in allowing residents to
pursue their research interests.

Many of the residents and alumni did not let the rain completely ruin the afternoon as they enjoyed each other’s
company (and some Shirley Temples) at a local watering hole. Hopefully, the 2017 Alumni Day will offer some
better weather with the same great attendance.

Justin M. Kistler, MD
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Special Event

8th Annual Philadelphia Orthopaedic
Trauma Symposium

June 10-11, 2016

Temple University’s Medical Education and Research Building served as the location for the 8th annual Phila-
delphia Orthopaedic Trauma Symposium. Temple’s very own Dr. Saqib Rehman and Dr. Matthew Craig (Jefferson
Health—Abington Memorial Hospital) were chairmen and head organizers for this event. In addition to their efforts,
the course faculty included 27 orthopaedic surgeons from Philadelphia and surrounding hospitals who contributed
with lectures and skills labs. Participation from residents, students, nurses, physician assistants, and educators also
assisted in the success of this event.

The keynote lecture titled “Femoral Neck Fractures in the Young Adult: What Makes Sense” was given by
Dr. Cory Collinge, Professor of Orthopaedic Surgery at Vanderbilt University. Dr. Collinge stressed the importance
of performing an adequate assessment of these fractures in order to develop an equally adequate preoperative plan,
reduction, and fixation. Participants were then able to apply these concepts in the skills lab that followed.

In addition to femoral neck fractures, this year’s symposium focused on educating participants in the acute
management of extremity fractures and operative skills for periarticular fractures. Current controversies and
previously-debated issues were discussed during the “lower extremity trauma debates.” During this segment of the
program, distinguished surgeons presented their stance on the treatment of specific fracture types with certain treat-
ment options. One debate topic focused on the “Fixation of Intertrochanteric Femur Fractures: Sliding Hip Screw
Versus Intramedullary Nail.” Despite these heated debates, no long-term friendships were lost, but life-long knowl-
edge was gained.

Dayna Phillips, MD
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Special Event

Ponderosa Bowl 2016

Sunday, December 11, 2016 was the 6th installment of the annual Ponderosa Bowl on the hallowed grounds of
the normally frozen tundra of Dr. Thoder’s backyard. The football gods pardoned the participants once again this
year, as the weather was cooperative. The players did have to dodge a few dogs, as always, but they were certainly
welcome in the flow of the game.

The Cherry Team was represented by Dr. Colin “Mac” Vroome, Dr. James Bennett, and Dr. Alex Johnson (of
Randolph Macon football fame). The White Team was represented by Dr. Jeff Wera, Dr. Courtney Quinn, and a
great friend of the department, Dr. Michael Narvaez from Einstein Orthopaedics. Dr. Justin Kistler, given the lack
of speed and strong arm, was the stand-in “steady-QB” for the game (although there were rumblings that it was
because winning was a guarantee as the full time quarterback).

The game was highlighted by some deep passes and impressive catches by Jeff Wera that would have even
impressed Odell Beckham, Jr. The first half was a tight battle with back and forth scoring. The game was tightly, but
fairly, officiated by the always vigilant official, Dr. Thoder. The White Team kicked their offense into high gear dur-
ing the second half with three unanswered touchdowns allowing them to easily pull away from the inferior Cherry
Team. Thankfully, there were no serious injuries during the game, probably owed to the fact that Dr. Jim Lachman
sat this one out.

In keeping with tradition, the game was followed by food, drinks, cigars, darts, and NFL Red Zone on three
televisions in the cozy confines of the famous Ponderosa basement. Dr. Thoder’s hospitality and company continues
to be the highlight of this event year after year.

Justin M. Kistler, MD
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Departmental News

Faculty

Temple University Department of Orthopaedic Surgery and Sports Medicine

Chairman
Eric J. Kropf, MD

Professors
Joseph Thoder, MD, The John W. Lachman Professor
William DeLong, MD
Pekka Mooar, MD
Ray Moyer, MD, The Howard H. Steel Professor
Joseph Torg, MD
F. Todd Wetzel, MD, Vice Chairman

Associate Professors
Eric Gokcen, MD
Matthew Lorei, MD
Saqib Rehman, MD
J. Milo Sewards, MD
Bruce Vanett, MD

Assistant Professors
Hesham Abdelfattah, MD
Leslie Barnes, MD
Christopher Haydel, MD
Cory Keller, DO
Min Lu, MD
Michelle Noreski, DO
Zeeshan Sardar, MD
Ryan Schreiter, DO

Adjunct Faculty — Philadelphia Shriners Hospital

Scott Kozin, MD, Chief of Staff Amer Samdani, MD, Chief of Surgery
Philip Alburger, MD Joshua Pahys, MD

Corinna Franklin, MD Harold van Bosse, MD

Steven Hwang, MD Albert Weiss, MD

Sarah Nossov, MD Daniel Zlotolow, MD

Adjunct Faculty — Jefferson Health—Abington Memorial Hospital

Andrew Star, MD, Chief of Orthopaedics Moody Kwok, MD
Shyam Brahmabhatt, MD Guy Lee, MD

David Craft, MD Rachel Shakked, MD
Matthew Craig, MD T. Robert Takei, MD
Michael Gratch, MD Jeffrey Vakil, MD

Victor Hsu, MD

Adjunct Faculty — St. Christopher’s Hospital for Children

Peter Pizzutillo, MD, Chief of Surgery Martin Herman, MD, Chief of Orthopaedics
Alison Gattuso, DO Joseph Rosenblatt, DO
Megan Gresh, MD Shannon Safier, MD

Michael Kwon, MD
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Division Report

Division of Adult Reconstruction

LA

Min Lu, MD

Matthew Lorei, MD
Division Chief

General

Our division heads the musculoskeletal care of the older
adult with hip and knee conditions. Our surgical focus is on
hip and knee replacement: including partial knee replace-
ment, primary total joint replacement, revision replacement
and complex reconstruction. One of our primary missions is
to educate residents in the art and science of hip and knee
replacement surgery and advance reconstruction. Within the
past year, we have successfully transitioned to a comprehen-
sive electronic order set. This has helped to streamline
postop care of the joint replacement patient and eliminate
medical errors, unnecessary work and duplication of ser-
vices. We are still working out some of the bugs but the
process seems to be working smoothly overall. We continue
to make efforts to reduce our length of stay and have trimmed
it to an ALOS of 2.4 days (this compares to 3.2 just two
years ago). We have also transitioned from primarily post
acute care transfer to a SNF to predominantly discharge
home despite the shorter LOS. We continue to work on
reducing our readmission rate. Dr. Mooar is currently
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Michael MacGregor, MSPAS, PAC

Pekka Mooar, MD

involved in the Novacart trial comparing MACI cartilage
transplantation vs. microfracture of femoral condylar articu-
lar cartilage defects. Dr. Mooar also helped to craft the 2016
AAOS AUC for the management of Carpal Tunnel Syn-
drome, serving as a voting panel moderator. In August of
2016, we welcomed Min Lu, MD to the Orthopaedic Depart-
ment as well as the Division of Arthroplasty. Dr. Lu is origi-
nally from Brooklyn, NY and is a triple graduate of Univer-
sity of Chicago, having earned his undergraduate and
medical degrees there as well as competing his orthopaedic
training at that same institution. More recently, he completed
a fellowship in adult joint reconstruction surgery at the Uni-
versity of California San Francisco.

Presentations

1. Lu M, Sing D, Kuo A, Hansen E. Preoperative Anemia
Independently Predicts 30 Day Complications After
Aseptic and Septic Revision Total Joint Arthroplasty.
Scientific Poster. American Association of Hip and Knee
Surgeons Annual Meeting, Dallas, TX, November 2016.



Division Report

Division of Division of Foot and Ankle Surgery

Eric Gokcen, MD
Division Chief

The Division of Orthopaedic Foot and Ankle Surgery pro-
vides comprehensive care for the foot and ankle patient,
including deformity correction, sports medicine, joint recon-
struction, and trauma care. In addition, teaching of orthopae-
dic residents, medical students, and podiatry students is
performed with both didactic and clinical education.

The division is undergoing recent changes with the arrival
of Eric Gokcen, MD as the Division Head following Joseph
Eremus, MD stepping down from the faculty after a long and
distinguished career at Temple University. In light of these
recent changes, the division is in the process of developing
new clinical initiatives and research activities. Teaching and
journal presentations were done at a local sports medicine
journal club attended by sports medicine healthcare provid-
ers from throughout the Philadelphia area. Podium teaching
at a Philadelphia city-wide OITE review was provided in
October 2016. Dr. Gokcen presented Grand Rounds on Janu-
ary 4th on the topic of Global Orthopaedics. Through an
AOFAS visiting professor scholarship, the division hosted
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Scott Ellis, MD, the Division Chair of Foot and Ankle Sur-
gery at the Hospital for Special Surgery for a journal club
session on foot and ankle pathologies on February 17th fol-
lowed by a Grand Rounds presentation on February 18th on
“Adult Flatfoot.” In the meantime, didactic teaching ses-
sions with the residents and students on various foot and
ankle pathologies continues.

New Faculty

Eric C. Gokcen, MD — Dr. Gokcen, a graduate of the
Sidney Kimmel School of Medicine of Thomas Jefferson
University, comes to us from Loma Linda University where
he was the Division Head of Foot and Ankle Surgery in the
Orthopaedic Surgery Department. Prior to that appointment,
he spent several years in Africa, providing orthopaedic care
and developing residency training programs. His previous
experience was in private orthopaedic practice in the Bucks
County/Mercer County area.



Division Report

Division of Hand Surgery

Joseph Thoder, MD
Division Chief

General

The division of Hand Surgery at Temple is growing. We
have added a new faculty member. He is Hesham Abdelfat-
tah, MD. Hesham hails from west Texas, a graduate of Texas
Tech, completed his orthopaedic residency at West Virginia
University, and is fellowship trained in hand surgery from
Thomas Jefferson University as well as a shoulder and elbow
fellowship at the University of Pennsylvania. He has special
interests in upper extremity trauma, as well as elbow and
wrist arthroplasty. He has hit the ground running in his first
few months here with a busy clinic and OR schedule. He has
a dedication to caring for the community, educating resi-
dents, and producing meaningful research in our field.

Hesham Abdelfattah, MD
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Bruce Vanett, MD

Over the past 2+ decades, Temple Orthopaedics has pro-
duced a significant number of graduates who have pursued
fellowships and careers in hand surgery, many of whom are
now leaders in the field. Representation of our clinical
accomplishments in terms of contributions to the field of
hand surgery can be found in the list of podium presenta-
tions, scientific exhibits and publications listed in this and
prior issues of our journal. Hesham will be a welcome addi-
tion to the program, contributing to our clinical, educational
and research efforts. He will no doubt be a leader in the field
going forward.



Division Report

Division of Orthopaedic Trauma

Saqib Rehman, MD, MBA
Division Chief

Clinical Care

The Division of Orthopaedic Trauma is focused on the
care of patients with fractures, multiple trauma, and related
injuries. We strive for excellence in patient care, education,
research, and service. Our recent patient care initiatives have
included the implementation of our Geriatric Fracture Pro-
gram, a comprehensive effort to improve the quality of care
for patients with hip fractures at Temple University Hospital.
This follows the successful implementation of best practice/
clinical efficiency pathways for open fractures and for femo-
ral shaft fractures. Working collaboratively on interdisci-
plinary teams has helped standardize care, minimize errors,
improve efficiency, and ultimately improve patient care.
Through continuous performance improvement reviews and
innovation, we hope to continue improving for our patients
at Temple.

Education

The 8th Annual Philadelphia Orthopaedic Trauma Sym-
posium was hosted by Temple again, with well over 100
participants gathered for a day and a half of CME lecture,
case discussion, technique labs, and learning. Due to the
positive response from participants, we plan on having it
again here in June 2017 with a theme of “What’s New in
Orthopaedic Trauma.”

Resident and student didactic educational efforts have
increased in the past year, with a major effort in creating and
delivering online educational content. With the creation and
ongoing efforts of our Orthoclips.com website, utilization of
Blackboard online learning tools, and flipped classroom
methods, the Division of Orthopaedic Trauma is emphasiz-
ing an active learning model in medical education. The addi-
tion of our YouTube channel with over 1,500 subscribers and
viewers in 198 countries has allowed us to reach a truly
global audience.

The ortho trauma faculty continues to teach at national
courses and meetings including annual meetings of the
American Academy of Orthopaedic Surgeons (AAOS),
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Christopher Haydel, MD

Orthopaedic Trauma Association (OTA) and Foundation for
Orthopaedic Trauma (FOT) as well as AOTrauma. In addi-
tion, we have taught at local and regional courses, given
grand rounds lectures at other teaching programs, and taught
in a combined AAOS/AAHS, OTA webinar this past year.

Service

We have been actively serving many of these above soci-
eties, chair the Humanitarian Committees of the OTA and of
the FOT, serve on the FOT Executive Board and serve as
manuscript reviewers for multiple scientific journals (JOT,
CORR, JTrauma, Orthopedics). Back home at Temple, the
ortho trauma faculty actively serve and chair numerous com-
mittees and project teams at the university, hospital, and
departmental levels.

Clinical Trials

The Division of Orthopaedic Trauma, as Principal Inves-
tigators, is actively enrolling patients in the following clini-
cal trials:

* Major Extremity Trauma Research Consortium
(METRC) — VANCO trial

* METRC — STREAM trial

* Regional vs. General Anesthesia for Promoting Indepen-
dence after Hip Fracture Surgery (REGAIN)

Scientific Publications (Pubmed)

1. Jennings JD, Hahn A, Rehman S, Haydel C. Manage-
ment of Adult Elbow Fracture Dislocations. Orthop
Clin North Am. 2016 Jan;47(1):97-113.

2. Greenhill D, Haydel C, Rehman S. Management of the
Morel-Lavallee lesion. Orthop Clin North Am. 2016
Jan;47(1):115-25.

3. Rehman S. Going out with a bang. Orthop Clin North
Am. 2016 Jan;47(1):xxi.

4. Solarz MK, Thoder JJ, Rehman S. Management of
major traumatic upper extremity amputations. Orthop
Clin North Am. 2016 Jan;47(1):127-3.
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. Harper K, Rehman S. Orthopaedic disaster management

in the 2015 Amtrak derailment. J Trauma Acute Care
Surg. 2016 Jun;80(6):1032-8.

Lachman J, Rehman S. Tibial plateau Schatzker V/VI
treated in ex fix/circular frame. In Tejwani NC editor,
Fractures of the Tibia, A Clinical Companion. Springer,
2016.

Lachman JR, Rehman S. Chapter 3 — Bone Healing. In
Hoppenfeld S, Murthy VL. Treatment and Rehabilita-
tion of Fractures. 2nd Edition. Lippincott and Williams,
2016.

Gangavalli A, Malige A, Terre G, Rehman S, Nwachuku
C. Opioid misuse in orthopaedic post-operative patients.
Journal of Orthopaedic Trauma, 2016 PAP doi:
10.1097/BOT.0000000000000741.

Greenhill DA, Poorman M, Pinkowski C, Ramsey FV,
Haydel C. Does weight-bearing assignment after intra-
medullary nail placement alter healing of tibial shaft
fractures? Orthop Traumatol Surg Res. 2017 Jan 23. pii:
S1877-0568(16)30178-5.

Kistler J, Solarz MK, Rehman S. Obturator artery injury
resulting in massive hemorrhage from a low energy
pubic ramus fracture: a case report. Orthopedics, 2017
Jan;5:1-3.

Scientific Presentations (Podium, Poster)

Jennings, JD, Haydel C, Rehman S. Management of
Adult Elbow Fracture Dislocations. American Academy
of Orthopaedic Surgeons, Annual Meeting, Orlando, FL,
March 2016 (Scientific Exhibit).

Eccles J, Harper K, Quinn C, Ramsey F, Rehman S. Fac-
tors Affecting Timing of IV Antibiotic Administration for
Patients with Open Fractures. Pennsylvania Orthopaedic
Society Spring Meeting, Boca Raton, FL, April 2016
(Poster).
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. Harper, Quinn C, Torio J, Rehman S. Percutaneous Sacro-

iliac Screw Fixation of the Posterior Pelvic Ring. Penn-
sylvania Orthopaedic Society Spring Meeting, Boca
Raton, FL, April 2016 (Poster).

. Harper K, Rehman S. Orthopaedic Disaster Management

in the 2015 Amtrak Derailment. Pennsylvania Orthopae-
dic Society Spring Meeting, Boca Raton, FL, April 2016
(Poster).

. Amer KM, Rehman S, Haydel C. Quantitative Analysis

of the Efficacy and Safety of Tranexamic Acid in Ortho-
paedic Fracture Surgery. Pennsylvania Orthopaedic
Society Fall Meeting, Pittsburgh, PA, October 2016
(Poster).

. Lachman JR, Haydel C, Eremus J. Intraosseous Arthrod-

esis Techniques in the Foot and Ankle: Does It Really
Hurt Less? American Orthopaedic Foot & Ankle Society
Annual Meeting, Toronto, ON, July 2016 (Poster).

. Greenhill DA, Poorman M, Pinkowski C, Ramsey FV,

Haydel C. Does Weight Bearing Assignment After Intra-
medullary Nail Placement Alter Healing of Tibial Shaft
Fractures? Eastern Orthopaedic Association Annual
Meeting, New Orleans, LA, October 2016 (Podium).

. Amer K, Rehman S, Haydel C. Efficacy and Safety of

Tranexamic Acid in Orthopaedic Fracture Surgery: A
Meta Analysis and Systematic Review. Eastern Ortho-
paedic Association Annual Meeting, New Orleans, LA,
October 2016 (Podium).

. Amer K, Rehman S, Haydel C. Efficacy and Safety of

Tranexamic Acid in Orthopaedic Fracture Surgery: A
Meta Analysis and Systematic Review. American Acad-
emy of Orthopaedic Surgery Annual Meeting, San Diego,
CA, March 2017 (Podium).



Division Report

Division of Spine Surgery

F. Todd Wetzel, MD
Division Chief

This has been a year of growth for the spine service with
recruitment of Dr. Zeeshan Sardar from the premier adult
deformity spine fellowship in the nation, if not the world. Dr.
Sardar’s practice is building steadily, with some equipment
issues for the large deformity cases yet to be resolved. Dr.
Wetzel is the 33rd President of NASS through October 2017
and continues to maintain various editorial and academic
responsibilities for several organizations. Some specific
activities of the section are detailed below.

Academic

1. Peng Y, Kang Q, . . . Wetzel FT, Haydon RC, He TC.
Transcriptional Signature of Bone Morphogenic Proteins-
Mediated Osteogenic Signaling. Spine (in press).

. Wetzel FT. New Technologies in Spinal Cord Stimula-
tion. Deutscher Wirbelsaulenkongress, Hannover, Ger-
many, December 3, 2016.

Educational

1. Bimonthly Spine Conference, with the Department
Neurosurgery. Plans to incorporate PMR Department
from next month.

2. Spine series lectures, Physician Assistant Curriculum,

2017.

Spine lecture series, Orthopaedic Residency Program.

4. Saw bones lab for pedicle screw instrumentation of the
spine, Orthopaedic Residency Program.

5. Sardar ZM. Spine Deformity in the Adult Patient Popu-
lation. Invited presentation at the 6th Annual Regional
Neurosciences Conference and State of the Art Stroke
Summit, Atlantic City, NJ.

6. Sardar ZM. Adult Spine Deformity. Grand Rounds pre-
sentation at Cooper University Bone and Joint Institute,
April 2017.

7. Wetzel FT. 28 Years Before the Mast — Reflections on
Spine Care. Young Spine Surgeons Forum, North Amer-
ican Spine Society, 31st Annual Meeting, Boston, MA,
October 26, 2016.

W
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Zeeshan Sardar, MD, CM,
FRCSC, MSc, B.Eng

8. Wetzel FT. The Path to Leadership. Committee Orienta-
tion Program, North American Spine Society, 31st
Annual Meeting, Boston, MA, October 27, 2016.

9. Wetzel FT. Integrating Spinal Cord Stimulation into a

Surgical Practice. Current Concepts and Critical Evi-

dence Based Appraisal of Spinal Cord Stimulation.

North American Spine Society, 31st Annual Meeting,

Boston, MA, October 28, 2016.

Diulus C, Wetzel FT. Stigmatized by Obesity: New

Studies Offer Intriguing Insight. SpineLine. July/August

2016:33-35.

11. Wetzel FT. What Sort of Person Does a Job Like This?

SpineLine. September/October 2016:8—10 (From the

Desk of the First Vice President).

Wetzel FT. Precisely. SpineLine. November/December

2016:8-10 (From the Desk of the President).

Wetzel FT. Really Very Useless. SpineLine. January/

February 2017, in press (From the Desk of the

President).

10.

12.

13.

External Activities

Sardar ZM: Reviewer, The Spine Journal; Reviewer,
Global Spine Journal; Member, AOSpine; Membership
pending board review, Scoliosis Research Society

Wetzel FT: Board of Associate Editors, The Spine Journal,;
Board of Associate Editors, Spine; Guest Editor in Chief,
focus issue, Spinal Cord Stimulation, Spine; Reviewer,
Clinical Orthopaedics and Related Research; Reviewer,
Journal of Bone Joint Surgery; Reviewer, Pain,; 33rd
President, the North American Spine Society; Chair,
Editor-in-Chief Search Committee, The Spine Journal;
NASS liaison, Patient Centered Outcomes Research Insti-
tute (PCORI), Washington DC; Spine Section and Pro-
gram Committee, the American Academy of Orthopaedic
Surgeons; Adult Examiner, Recertification and Part 11
Examinations, the American Board of Orthopaedic
Surgeons



Division Report

Division of Sports Medicine and Shoulder Surgery

Eric J. Kropf, MD
Division Chief

Michelle Noreski, DO

Ryan Schreiter, DO

Clinical Care

The Division of Sports Medicine and Shoulder Surgery is
a comprehensive, multidisciplinary group committed to pro-
viding the highest level of care to active and athletic patients
of all ages. The Sports Medicine team has gone through an
exciting phase of restructuring and expansive growth over
the past three years, now comprised of three surgeons and
four non-surgical providers. The team continues to perform
advanced and cutting edge arthroscopic and minimally inva-
sive surgery of the shoulder, elbow, hip and knee. Through
diversification and the addition of talented non-surgical pro-
viders, the team also performs in-office ultrasound-guided
procedures and offers stem cell and biologic therapies for
acute sports-related injuries and early arthritis in active
young patients. Collectively, the sports medicine team can
develop individualized patient-focused treatment plans to
maximize outcomes and meet the demands of the individual.
The Sports Team sees over 20,000 patient visits a year and
performs 1,100+ procedures annually. A key area of growth
in 2016 has been through continued development of our
Shoulder Reconstruction/Arthroplasty program. Dr. Leslie
Barnes joined the team in 2015 to meet the needs of our
patients with advanced rotator cuff disease and shoulder
arthritis.

Education

This diverse group of providers has much to offer to our
students and residents. Currently, our providers teach in the
classroom, clinics, training rooms, athletic sidelines and
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Joseph Torg, MD

J. Milo Sewards, MD

operating rooms. We have dedicated time with Temple Uni-
versity medical students and Kinesiology/undergraduate and
graduate athletic training students. While orthopaedic resi-
dents remain our primary focus, the sports division also
works with medicine, family medicine and PM&R residents
as well as area primary care sports medicine fellows.

The “Temple Sports Medicine Journal Club” meets on a
bimonthly basis with a target audience of regional physical
therapists, athletic trainers and sports medicine physicians
and trainees.

The sports medicine faculty continues to teach at national
courses and meetings including annual meetings of the
American Academy of Orthopaedic Surgeons (AAOS),
Arthroscopy Association of North America (AANA), the
American Medical Society for Sports Medicine (AMSSM)
and the American Orthopaedic Society for Sports Medicine
(AOSSM).

Service/Outreach Programs

The Division of Sports Medicine provides comprehensive
medical coverage for Temple University’s 600 varsity ath-
letes. Our physicians can be seen in training rooms or on the
sidelines of football, basketball and soccer games on a regu-
lar basis. We continue to deploy athletic trainers throughout
the Philadelphia public and catholic leagues serving as team
physicians to St. Joseph’s Preparatory, LaSalle College Pre-
paratory, Father Judge High School, Archbishop Wood HS
and Archbishop Ryan HS. Members of the team have also
developed affiliate relationships with Arcadia University
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Athletics and Drexel University’s primary care sports medi-
cine program.

Scientific Publications (PubMed)

1. Ly JA, Coleman EM, Cohen GS, Kropf EJ. Unrecog-
nized osteoid osteoma of the proximal femur with associ-
ated CAM impingement. J Hip Preserv Surg. 2016;3(3):
236-237; DOI:10.1093/jhps/hnw002.

2. Ly JA, Coleman EM, Kropf EJ. Arthroscopic Double
Row Suture Anchor Repair of Acute Posterior Bony Ban-
kart Lesion. Arthrosc Tech. 2016;5(4):¢839-843; doi:
10.1016/j.eats.2016.04.004.

3. Quinn CA, Ly JA, Narvaez MV, Kropf EJ. Management
of Recurrent Posterior Shoulder Instability in a Young
Contact Athlete Using a Posterior Bone Block Technique
with Distal Tibia Osteochondral Allograft. Techniques in
Shoulder & Elbow Surgery (accepted 2016, in publica-
tion processing).

4. Fink Barnes LA, Kim HM, Caldwell JM, Buza J, Ahmad
CS, Bigliani LU, Levine WN. Satisfaction, function and
repair integrity after arthroscopic versus mini-open rota-
tor cuff repair. Bone Joint J. 2017 Feb;99-B(2):245-249.

Book Chapters

1. Fink Barnes LA, Parsons BO, Flatow EL. Glenohumeral
Instability. Rockwood and Matsen: The Shoulder, 5th
Edition, 2016.

2. Fink Barnes LA, Jim C. Hsu, Leesa M. Galatz. Mini-
Incision Fixation of Proximal Humeral Four-Part Frac-
tures. In Minimally Invasive Surgery in Orthopedics (pp
1-10), 2016.

3. Fink Barnes LA, Parsons BO, Flatow EL. Mini-Incision
Bankart Repair. In Minimally Invasive Surgery in Ortho-
pedics, 2016.

4. Donovan D, Fink Barnes LA, Parsons BO, Hausman
MR. Minimally Invasive Approaches for Lateral Epicon-
dylitis. In Minimally Invasive Surgery in Orthopedics,
2016.

5. Fink Barnes LA, Flatow EL. Overview of Shoulder
Approaches. In Minimally Invasive Surgery in Orthope-
dics, 2016.

6. Kropf EJ, Colon JW, Torg JS. Knee Laxity: The Torg
School. In Karlsson, Kuroda, Musahl Zaffagnini Eds.
Rotatory Instability of the Knee: An Evidence Based
Approach. Springer 2016.

Scientific Presentations
(Podium, Poster, Invited Lecture)

1. Pandelidis A, Ly JA, Reilly M, Ramsey FV, Kropf EJ.
Using MRI to Define Anatomy of Anterior Inferior Iliac
Spine. Eastern Orthopaedic Association Annual Meet-
ing 2016, New Orleans, LA, October 22,2016 (podium).

2. Reilly M, Pandelidis A, Ly JA, Ramsey FV, Kropf EJ.
Utility of MRI to Define Anatomical Features of the
Anterior Inferior Iliac Spine. 1/th Biennial ISAKOS
Congress, Shanghai China, June 4—8, 2017 (poster).
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Kropf EJ. Combined Hip and Core Muscle Injury: Eval-

uation and Management of Nonarthritic Groin Pain.
Orthopaedic Surgery Grand Rounds, Georgetown Uni-
versity School of Medicine, Washington, DC, March 22,
2016.

Kropf EJ. Hip Pain in the Contact and Overhead Ath-
lete. Inaugural INOVA Capital City Sports Medicine
Summit, Washington, DC, May 6, 2016.

. Kropf EJ. Combined Hip and Core Muscle Injury. Pan-

ther Alumni Symposium, AOSSM Annual Meeting 2016,
Colorado Springs, CO, July 8, 2016.

Kropf EJ. Combined Hip and Core Muscle Injury: Sur-
gical Options. Delaware Orthopaedic Symposium
Christiana Hospital, Newark DE, October 29, 2016.
Kropf EJ. Cartilage Preservation Techniques for the
Knee. ATI 2016 East Coast Sports Medicine Summit,
Philadelphia, PA, November 12, 2016.

Kropf EJ. Early Career Development: Challenge and
Opportunity in Academic Practice. Pennsylvania Ortho-
paedic Society Spring 2017 Scientific Meeting, Erie, PA,
May 11, 2017.

Fink Barnes LA, Luchetti TJ, Buza J, Jobin CM, Ahmad
CS. Athletes with Shoulder Instability: A Prospective
Study of Player Attitudes on Operative vs Non-
operative Treatment. American Academy of Orthopae-
dic Surgeons Annual Meeting, February 29—March 6,
2016, Orlando, FL.

Barnes LA. Rotator Cuff Repair — Routine to Compli-
cated. Panel at the 150th NYOH Alumni Meeting, New
York, NY, May 2016.

Sewards JM. Lead, Follow, or Get Out of the Way:
Leadership Development in Residency. Presented at
Grand Rounds, Department of Orthopaedics, Miller
School of Medicine at the University of Miami, January
2017, Miami, FL.

Brusalis CM, Jarvis-Selinger S, Rosenblatt J, Herman
MJ, Mulcahey MK, Sewards JM, Mehta S. Near-peer
Teaching in Orthopaedic Surgery: Happening with Lit-
tle Oversight. 2017 ACGME Annual Education Confer-
ence, March 2017, Orlando, FL (poster).

Jennings JJ, Kistler J, Sewards JM, Thoder JJ. Lateral
Epicondylitis: Controversies and Management. 2017
Annual Meeting of the American Academy of Orthopae-
dic Surgeons, San Diego, CA (scientific exhibit).
Keller CJ. Shoulder Mechanics and Pathology. Chestnut
Hill Family Medicine Grand Rounds, October 2016.
Keller CJ. Sudden Cardiac Death in Athletes. LKSOM
Family Medicine Review Course, November, 2016.
Keller CJ. Nutritional Supplements in Sports. LKSOM
Family Medicine Review Course, November, 2016.
Keller CJ. The Throwing Shoulder. Lewis Katz School
of Medicine, Temple University PM&R Grand Rounds,
November, 2016.

Keller CJ. Shoulder Assessment. LKSOM Family Med-
icine Review Course, March, 2017.

Keller CJ. The Aging Athlete. Reading Hospital Family
Medicine Grand Rounds, March, 2017.
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Arianna Trionfo, MD
Hometown: Glassboro, NJ

Undergraduate: Loyola College
in Maryland

Medical School: UMDNIJ — Robert
Wood Johnson

Fellowship: Pediatrics, Children’s
Hospital of Philadelphia

Temple University Hospital
Department of Orthopaedic Surgery and Sports Medicine
House Staff 2016-2017

James Lachman, MD
Hometown: Bryn Mawr, PA
Undergraduate: Bucknell University

Medical School: Temple University
School of Medicine

Fellowship: Foot and ankle, Duke
University

Anastassia Newbury, MD
Hometown: Omaha, NE
Undergraduate: University of lowa

Medical School: University of
Nebraska College of Medicine

Fellowship: Hand/upper extremity,
NYU Hospital for Joint Disease

*
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i / ,'Ilr
Dustin Greenhill, MD

Hometown: West Palm Beach, FL

Undergraduate: U.S. Military
Academy (West Point)

Medical School: Temple University
School of Medicine

Fellowship: Pediatrics, Texas
Scottish Rite Hospital for Children

Katherine Harper, MD
Hometown: London, Ontario, Canada
Undergraduate: McMaster University

Medical School: Royal College
of Surgeons in Ireland School
of Medicine

Interest: Adult reconstruction

John Jennings, MD
Hometown: Allentown, PA

Undergraduate: Pennsylvania State
University

Medical School: Temple University
School of Medicine

Interests: Hand/upper extremity

James Bennett, MD
Hometown: Charlotte, VT

Undergraduate: Colby College

Medical School: St. George’s
University School of Medicine

Interest: Pediatric spine
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William Smith, MD
Hometown: Havertown, PA

Undergraduate: Pennsylvania State
University

Medical School: Jefferson Medical
College

Interests: Hand/upper extremity



Temple University Hospital
Department of Orthopaedic Surgery and Sports Medicine
House Staff 2016-2017 (cont.)
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Justin Kistler, MD Courtney Quinn, MD Megan Reilly, MD Peter Eyvazzadeh, MD
Hometown: Horsham, PA Hometown: Potomac, MD Hometown: Longwood, FL Hometown: Bethlehem, PA
Undergraduate: University Undergraduate: University Undergraduate: University of Florida Undergraduate: Bucknell University
of Pittsburgh of Southern California Medical School: Georgetown Medical School: Penn State
Medical School: Temple University =~ Medical School: Georgetown University School of Medicine University College of Medicine
School of Medicine University School of Medicine
Interests: Foot and ankle Interest: Sports

Interests: Hand/upper extremity Interest: Sports, hand/upper

extremity

/

E
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Dayna Phillips, MD Colin “Mac” Vroome, MD  Jeffrey Wera, MD Robert Ames, MD
Hometown: Rosenhayn, NJ Hometown: Havertown, PA Hometown: Villa Hills, KY Hometown: Dallas, TX
Undergraduate: University of the Undergraduate: Villanova Undergraduate: The College of Undergraduate: Rutgers University
Sciences Medical School: Jefferson Medical William & Mary Medical School: Temple University
Medical School: Rutgers — New College Medical School: University of School of Medicine
Jersey Medical School Louisville School of Medicine . L

Interests: Sports, hand/upper Interests: Spine, pediatrics
Interest: Undecided extremity Interest: Undecided
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Temple University Hospital
Department of Orthopaedic Surgery and Sports Medicine
House Staff 2016-2017 (cont.)

LN REYNOLES, MLD,

|

Dana Cruz, MD Alexander Johnson, MD  Nimit Lad, MD Jack Reynolds, MD
Hometown: New York, NY Hometown: East Norriton, PA Hometown: Winona, MN Hometown: Malvern, PA
Undergraduate: University of Undergraduate: Randolph-Macon Undergraduate: Duke University Undergraduate: Villanova University
Southern California College Medical School: Duke University Medical School: Jefferson Medical
Medical School: Albert Einstein Medical School: Drexel University School of Medicine College

College of Medicine College of Medicine Interest: Sports Interest: Undecided

Interests: Hand/upper extremity, Interest: Undecided

spine
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Temple University Department of Orthopaedic Surgery
and Sports Medicine: Research Update 2016-2017

Podium Presentations

Greenhill D, Smith W, Ramsey F, Kozin S, Zlotolow D. Conjoined Versus
Isolated Shoulder Tendon Transfers in Brachial Plexus Birth Palsy.
European/North American Pediatric Orthopaedic Society Annual Meet-
ing (EPOSNA), Barcelona, Spain, May 2017.

Wetzel, FT. New Technologies in Spinal Cord Stimulation. Deutscher Wir-
belsaulenkongress, Hannover, Germany, December 2016.

Greenhill D, Poorman M, Pinkowski C, Ramsey F, Haydel C. Does Weight
Bearing Assignment After Intramedullary Nail Placement Alter Healing
of Tibial Shaft Fractures? Eastern Orthopaedic Association Annual
Meeting, New Orleans, LA, October 2016.

Amer KM, Rehman S, Haydel C. Quantitative Analysis of the Efficacy and
Safety of Tranexamic Acid in Orthopaedic Fracture Surgery. Pennsylva-
nia Orthopaedic Society Fall Meeting, Pittsburgh, PA, October 2016.

Haydel C. Efficacy and Safety of Tranexamic Acid in Orthopaedic Fracture
Surgery: A Meta Analyasis and Systematic Review. Eastern Orthopae-
dic Association Annual Meeting, New Orleans, LA, October 2016.

Jennings J. Wrist Septic Arthritis: Incidence, Risk Factors, and Predictors of
Infection. Eastern Orthopaedic Association, New Orleans, LA, October
2016.

Wetzel FT. 28 Years Before the Mast: Reflections on Spine Care. North
American Spine Society 31st Annual Meeting, Boston, MA, October
2016.

Wetzel FT. Integrating Spinal Cord Stimulation into a Surgical Practice:
Current Concepts and Critical Evidenced Based Appraisal of Spinal
Cord Stimulation. North American Spine Society 31st Annual Meeting,
Boston, MA, October 2016.

Greenhill D. Van Bosse H. Does Open Reduction of Arthrogrypotic Hips
Cause Stiffness? POSNA Annual Meeting, Indianapolis, IN, April 2016.

Jennings, J. Physicians’ Attire Influences Patients’ Perceptions in the Urban
Outpatient Orthopaedic Surgery Setting. Philadelphia Orthopaedic
Society, Boca Raton, FL, April 2016.

Greenhill D, Comstock D, Torg J, Navo P, Zhao H, Boden B. Inadequate
Helmet Fit Increases Concussion Severity in American High School
Football Players. American Academy of Orthopaedic Surgeons Annual
Meeting, Orlando, FL, March 2016.

Trionfo A, Thoder JJ, Tosti R. Do Pre-Operative Antibiotics Reduce Bacte-
rial Culture Growth from Hand Abscesses? American Academy of
Orthopaedic Surgeons Annual Meeting, Orlando, FL, March 2016.

Trionfo A, Greenhill D, Solarz M, Ramsey F, Kozin S, Zlotolow D. Risk
Factors for Loss of Midline Function in Patients with Brachial Plexus
Birth Palsy. Narakas Symposium XIX, Barcelona, Spain, February 2016.

Greenhill D, Wissinger K, Trionfo A, Solarz M, Kozin S, Zlotolow D.
External Rotation Predicts Outcomes After Glenohumeral Joint Reduc-
tion with Botulinum Toxin Type A in Brachial Plexus Birth Palsy.
POSNA Annual Meeting, Indianapolis, IN, April 2016 and Narakas
Symposium XIX, Barcelona, Spain, February 2016.

Greenhill D, Lukavsky R, Tomlinson-Hansen S, Kozin S, Zlotolow D.
Relationships Between Three Classification Systems in Brachial Plexus
Birth Palsy. Narakas Symposium XIX, Barcelona, Spain, February 2016.

Poster Presentations

Greenhill D, Abbasi P, Darvish K, Star A. Broach Handle Design Changes
Force Distribution in the Femur During Total Hip Arthroplasty. Ameri-
can Academy of Orthopaedic Surgeons Annual Meeting, San Diego, CA,
March 2017.
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Jennings J, Kistler J, Thoder J, Sewards JM. Lateral Epicondylitis: Contro-
versies and Management. American Academy of Orthopaedic Surgeons
Annual Meeting, San Diego, CA, March 2017.

Jennings J, Thoder J. Management of Hand Gunshot Injuries. American
Academy of Orthopaedic Surgeons Annual Meeting, San Diego, CA,
March 2017.

Harper K, Quinn C, Rehman S, Rodriguez EK, Krause P, Born C. Mass
Casualty in Orthopedics: From Planning to Management — Is Your
Department Ready? A40S Annual Meeting, San Diego, CA, March
2017.

Greenhill DA. Abbasi P. Darvish K. Star A. Broach Handle Design Changes
Force Distribution in the Femur During Total Hip Arthroplasty. Ameri-
can Academy of Orthopaedic Surgeons Annual Meeting, San Diego, CA,
March 2017.

Jennings J, Quinn C, Rehman S. Orthopaedic Surgery Financial Literacy:
Assessing knowledge in Debt, Investment, and Retirement Savings.
American Academy of Orthopaedic Surgeons Annual Meeting, San
Diego, CA, March 2017.

Lu M, Sing D, Kuo A, Hansen E. Preoperative Anemia Independently Pre-
dicts 30-Day Complications After Aseptic and Septic Revision Total
Joint Arthroplasty. American Association of Hip and Knee Surgeons
Annual Meeting, Dallas, TX, November 2016.

Shaw J, Miller S, Plourde A, Gray C, Lu M, Shaw D, Hansen E. Intraopera-
tive Methylene Blue Staining Allows for Visualization of Microbial
Biofilm-Associated Tissue in Periprosthetic Joint Infection. American
Association of Hip and Knee Surgeons Annual Meeting, Dallas, TX,
November 2016.

DeHaan A, Lu M, Hansen E, Ries M. Proximalization of the Tibial Tubercle
Osteotomy: A Solution for Patella Infera During Revision Total Knee
Arthroplasty. American Association of Hip and Knee Surgeons Annual
Meeting, Dallas, TX, November 2016.

Harper K, Eccles J, Quinn C, Ramsey F, Rehman S. Administration of IV
Antibiotics in Patients with Open Fractures Is Dependent on Emergency
Room Triaging. OTA Annual Meeting, National Harbor, MD, October
2016.

Amer KM, Rehman S, Haydel C. Quantitative Analysis of the Efficacy and
Safety of Tranexamic Acid in Orthopaedic Fracture Surgery. Pennsylva-
nia Orthopaedic Society Fall Meeting, Pittsburgh, PA, October 2016.

Greenhill D, Smith W, Ramsey F, Kozin S, Zlotolow D. Conjoined Versus
Isolated Shoulder Tendon Transfers in Brachial Plexus Birth Palsy.
American Society for Surgery of the Hand Annual Meeting, Austin, TX,
September 2016.

Lachman J, Eremus J, Haydel C. Intra-Osseous Arthrodesis Techniques in
the Foot and Ankle: Does It Really Hurt Less? AOFAS Annual Meeting,
Toronto, Canada, July 2016.

Li S, Ali S, Harper K, Liang Q, Serratore D. Characteristics of In-Vivo
MOSFET Dosimeters for Diagnostic X-Ray Low-Dose Measurement.
American Association of Physicists in Medicine (AAPM) Annual Meet-
ing, Washington, DC, July 2016.

Iorio J, Harper K, Quinn C, Rehman S. Percutaneous Sacroiliac Screw
Fixation of the Posterior Pelvic Ring. Pennsylvania Orthopaedic Society
Spring Meeting, Boca Raton, FL, April 2016.

Harper K, Eccles J, Quinn C, Ramsey F, Rehman S. Administration of IV
Antibiotics in Patients with Open Fractures Is Dependent on Emergency
Room Triaging. Pennsylvania Orthopaedic Society Spring Meeting,
Boca Raton, FL, April 2016.

Reilly M, Greenhill D, Kripke L, Ramsey F, Haydel C. Outcomes After
Suprapatellar Versus Infrapatellar Tibial Intramedullary Nailing. Penn-
sylvania Orthopaedic Society Spring Meeting, Boca Raton, FL, April
2016.
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Greenhill D, Poorman M, Pinkowski C, Ramsey F, Haydel C. Does Weight
Bearing Assignment After Intramedullary Nail Placement Alter Healing
of Tibial Shaft Fractures? Pennsylvania Orthopaedic Society Spring
Meeting, Boca Raton, FL, April 2016.

Greenhill D, Lukavsky R, Tomlinson-Hansen S, Kozin S, Zlotolow D.
Relationships Between Three Classification Systems in Brachial Plexus
Birth Palsy. POSNA Annual Meeting, Indianapolis, IN, April 2016.

Harper K, Quinn C, Iorio J, Rehman S. Percutaneous Sacroiliac Screw
Fixation of the Posterior Pelvic Ring. Pennsylvania Orthopaedic Society
Spring Meeting, Boca Raton, FL, April 2016.

Harper K, Rehman S. Orthopaedic Disaster Management in the 2015
Amtrak Derailment. Pennsylvania Orthopaedic Society Spring Meeting,
Boca Raton, FL, April 2016.

Eccles J, Harper K, Quinn C, Ramsey F, Rehman S. Factors Affecting Tim-
ing of IV Antibiotic Administration for Patients with Open Fractures.
Pennsylvania Orthopaedic Society Spring Meeting, Boca Raton, FL,
April 2016.

Trionfo A, Makowski AL, Latta L, Ouelette EA. Characterizing Ulnocarpal
Instability in the General Population. Orthopaedic Research Society
Annual Meeting, Orlando, FL, March 2016.

Fink Barnes LA, Luchetti TJ, Buza J, Jobin CM, Ahmad CS. Athletes with
Shoulder Instability: A Prospective Study of Player Attitudes on Opera-
tive vs Non-operative Treatment. American Academy of Orthopaedic
Surgeons Annual Meeting, Orlando, FL, March 2016.

Jennings JD, Haydel C, Rehman S. Management of Adult Elbow Fracture
Dislocations. American Academy of Orthopaedic Surgeons Annual
Meeting, Orlando, FL, March 2016.

Jennings JJ. Ulnar Nerve Compression Isolated to the Motor Branch: A
Case Series of Three Unique Etiologies. American Association for Hand
Surgery, Scottsdale, AZ, January 2016.

Publications in Peer-Reviewed Journals

Harper K, Rehman S. Orthopaedic disaster management in the 2015 Amtrak
derailment. Journal of Trauma & Acute Care Surgery, June 2016;80(6):
1032-38.
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Joseph J. Thoder
Orthopaedic Excellence Award

“In recognition of Dr. Thoder’s steadfast dedication to the Temple Orthopaedic Surgery Residency. Through
his mentorship, we pursue academic and clinical excellence, while learning the importance of heritage, teamwork,
and family. This award, presented by the chief residents, honors the orthopaedic resident who best exemplifies the
standards of scholarly achievement and personal excellence set forth by Dr. Thoder.”

Given as a graduation gift by the class of 2010, Drs. Abi Foroohar, Allan Tham, Ifran Ahmed, and John Parron
fund a yearly award given to the resident that demonstrates qualities commensurate with Dr. Thoder’s vision of a
Temple Orthopaedic Surgeon. Selected from the graduating chief resident class, the recipient is presented with a
cash prize and a plaque.

This year, Courtney Quinn (Class of 2019) was selected by Rupam Das, Kasey Komperda, Colin Mansfield,
and Mark Solarz (Class of 2016).

Previous Winners:

2015 — Katharine Harper, MD
2014 — Arianna Trionfo, MD
2013 — Rupam Das, MD
2012 — Matthew Kleiner, MD
2011 — Richard Han, MD
2010 — John Fowler, MD

Courtney Quinn, MD
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Snapshots from 2016-2017

“Simply reduce this fragment and then fill this void and then put a plate here
and then some screws in here and you’re done.”

Annual
Meeting

No shortage of presenters at the Eastern Orthopaedic Association annual
meeting. L-R: John Jennings (PGY4), Dustin Greenhill (PGY5), Meghan
Reilly (PGY3)

96

Temple representation at the 2016 AOA Meeting. L-R: Saqib Rehman, Milo
Sewards, Christopher Haydel, Arianna Trionfo (PGY-5), Jim Lachman
(PGY-5)
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Snapshots from 2016-2017

Someone should tell Dayna Phillips (PGY2) that this isn’t a real person. Dr. Moyer confirming the stability of PGY1 Jack Reynold’s knee after
miles of hospital speed-walking and noncontact agility maneuvers through
the ER during his intern rotation.

e AN - Bl -.
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Justin lost the battle with the puddle while Dr. Haydel heckled. The trauma clinic no-show rate on Halloween was perplexing and without
reason.
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Snapshots from 2016-2017

Believe it or not, Will Smith (PGY4) and Johﬁ Jennings (PGY4) really did
attend the EOA conference.

-~ -
“Don’t worry guys, I’'m totally on top of these vent settings.” Greenbhill breakfast of champions
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Snapshots from 2016-2017

- W

Congratulations to Gary and Arianna (Trionfo) Lamsback on the birth of
their daughter Audrey Jennifer on 11/9/16!

Nimid Lad (PGY1) putting in his first pedicle screw ever . . . and breaching
the medial wall.

L X ] \
Congratulations to Steve and Anastassia Newbury on
daughter Charlie Nina on 4/5/16!

.\.

the birth of their

Residents looking dapper in their Grand Rounds attire. And Dr. Sewards housing a sandwich.
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Snapshots from 2016-2017
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Jack Reynolds (PGY1) shirtless. Again.
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Snapshots from 2016-2017

Dr. Freddie Fu Grand Rounds
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Instructions to Authors

Editorial Philosophy

The purpose of the Temple University Journal of Orthopaedic Surgery & Sports Medicine (TUJOSM)
is to publish clinical and basic science research performed by all departments of Temple University that
relate to orthopaedic surgery and sports medicine. As such, TUJOSM will consider for publication any
original clinical or basic science research, review article, case report, and technical or clinical tips. All
clinical studies, including retrospective reviews, require IRB approval.

Editorial Review Process

All submissions will be sent to select members of our peer review board for formal review.

Manuscript Requirements

Manuscripts are not to exceed 15 double spaced type-written pages and/or 5,000 words (minus fig-
ures/tables/pictures). The manuscript should contain the following elements: Title page, Abstract, Body,
References, and Tables/Legends. Pages should be numbered consecutively starting from the title page.

(1) Title Page — The first page, should contain the article’s title, authors and degrees, institutional
affiliations, conflict of interest statement, and contact information of the corresponding author (name,
address, fax, and email address).

(2) Abstract — The second page, should be a one-paragraph abstract less than 200 words concisely
stating the objective, methods, results, and conclusion of the article.

(3) Body — Should be divided into, if applicable, Introduction, Materials & Methods, Results, Dis-
cussion, and Acknowledgements. Tables and figures (in JPEG format) with their headings/captions should
be listed consecutively on separate pages at the end of the body, not continuous within the text.

(4) References — Should be listed following the format utilized by JBJS. For example: Smith, JH,
Doe, JD. Fixation of unstable intertrochanteric femur fractures. J Bone Joint Surg Am. 2002;84:3553-58.

Submissions

All submissions are now digital. Please submit the manuscript in a Microsoft Word document to

templejournal@gmail.com.

Disclaimer: This journal contains manuscripts that are considered interpersonal communications
and extended abstracts and not formalized papers unless otherwise noted.
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TEMPLE ORTHOPAEDICS & SPORTS MEDICINE
CONVENIENTLY LOCATED IN 6 LOCATIONS.

Temple Orthopaedics & Sports Medicine is one of the region’s premier programs for the treatment of musculoskeletal disorders.

With six offices located in Philadelphia, Pennsylvania, and its suburbs, Temple's board certified Orthopeadic specialsts are
now closer to your patients. For your added convenience, radiology services are available at all our locations.

Each site offers some of the most respected orthopaedic surgeons and rehabilitation specialists in the region, all using the most
advanced treatments and orthopaedic surgery techniques. From seniors coping with hip or knee paint to weekend warriors with
bad strains to athletes suffering for sports injuries, your patients will receive state-of-the-art care without having to travel far.

. S
Temple University Hospital
3401 N. Broad Street
5th Floor, Boyer Pavilion
Philadelphia, PA 19140
215-707-2111

Temple Health Ft. Washington

515 Pennsylvania Avenue
Fort Washington PA, 19034
215-641-0701

Temple Orthopaedics
& Sports Medicine at
Roosevelt Boulevard
11000 Roosevelt Boulevard
Philadelphia, PA 19116
215-698-5400

Temple Health Oaks
450 Cresson Boulevard
Suite 200

Oaks, PA 19456
610-630-2222

ortho.templehealth.org

Temple Orthopaedics

& Sports Medicine at
Chestnut Hill Hospital
Medical Office Building

8815 Germantown Pike, Suite 14
Philadelphia, PA 19118
215-248-9400

215-248-9403

Temple Orthopaedics
& Sports Medicine

at The Navy Yard
Vincera Institute

1200 Consitution Avenue
Suite 110

Philadelphia, PA 19112
267-592-3200

Orthopaedics & Sports Medicine

TEMPLE HEALTH

Temple Health refers to the health, education and research activities carried out by the affiliates of Temple University Health System (TUHS) and by the Lewis Katz School of Medicine at Temple University. TUHS neither provides nor controls the provision of health care.
All health care is provided by its member organizations or independent health care providers affiliated with TUHS member organizations. Each TUHS member organization is owned and operated pursuant to its governing documents.
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