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MEETING OF THE MINDS. At Rush, it's not unusual to see orthopedic surgeons and basic
scientists deep in conversation, given the Department of Orthopedic Surgery’s emphasis
on bench-to-bedside research. In this issue of the Rush Orthopedics Journal, a group of
surgeons and scientists invites you into the discussion as they open up about the rewards
and challenges of translational research—including the remarkable ability to transform
lives. Join their roundtable discussion starting on page 57.
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Chairman’s Letter

Given recent advances in biotechnology—particularly
in bioinformatics, or “big data”—the biomedical research
enterprise is on the brink of making major advances in
the way we understand and treat disease.

One example is the concept of “precision medicine,”

a personalized approach to disease treatment and
prevention that takes into account individual variability
in genes, environment, and lifestyle for each individual.

After President Obama mentioned his new precision
medicine initiative during his State of the Union
address, National Institutes of Health Director Francis
Collins, MD, PhD, and National Cancer Institute
Director Harold Varmus, MD, published an editorial

in the New England Jowrnal of Medicine in which they
addressed the potential role precision medicine can play
in the future.

Add to that the rapid progress in other areas, such

as regenerative medicine and nanotechnology, and

it becomes evident that a technological renaissance
in orthopedics is at hand. This means the outlook
for creating new strategies to address musculoskeletal
diseases is extremely bright.

While the transformation of orthopedic health care to
a paradigm of individualized or personalized treatment
is currently an aspirational goal, it is within our reach.

Our researchers envision a time in the not-too-distant
future when specific treatments will be able to be tailored
to the patient’s particular characteristics based on an
array of biomarkers—including the genome, proteome,
microbiome, and individual biomechanical profiles.
These tools will be valuable adjuncts to the orthopedic
surgeon’s arsenal, enabling us to more accurately predict
which treatments will yield optimal results.

In the meantime, our faculty continue to leverage

new research findings to provide pathways for people
afflicted with musculoskeletal diseases or injury to

once again lead full, active lives. You can read one
compelling example of the transformative power of
translational research at Rush starting on page 12. And
in our “roundtable” discussion on page 57, you will hear
from a group of physicians and scientists about their
research partnerships, their passion for discovery, and the
challenges—including funding—that they face in their
ongoing efforts to move orthopedic care forward. O

e

Joshua J. Jacobs, MD

The William A. Hark, MD/Susanne G. Swift Professor of
Orthopedic Surgery

Chairman, Department of Orthopedic Surgery
Rush University Medical Center



Orthopedic Faculty and Fellows

ADULT RECONSTRUCTIVE SURGERY

Aaron Rosenberg, MD

Director, Division of Adult Reconstructive
Surgery

Professor, Department of Orthopedic Surgery

Director, Adult Reconstructive Orthopedic
Surgery Fellowship Program

Richard A. Berger, MD
Director, Section of Minimally Invasive Surgery

Assistant professor, Department of
Orthopedic Surgery

Craig J. Della Valle, MD
Director, Section of Research
Professor, Department of Orthopedic Surgery

Associate director, Orthopedic Surgery
Residency Program

Jorge O. Galante, MD, DMSc

The Grainger Director of the Rush Arthritis and
Orthopedics Institute

Professor, Department of Orthopedic Surgery

Tad L. Gerlinger, MD

Associate professor, Department of
Orthopedic Surgery

FELLOWS

Brian Culp, MD
Medical school — The Ohio State University
Residency — Rutgers Robert Wood Johnson University Hospital

Michael Flierl, MD
Medical school — Technical University Munich, Germany
Residency — University of Colorado Hospital

Dane Hansen, DO

Medical school — Des Moines University College of
Osteopathic Medicine

Residency — Doctors Hospital/Ohio University

Uel Hansen, MD
Medical school — Chicago Medical School
Residency — William Beaumont Army Medical Center

Joshua J. Jacobs, MD

The William A. Hark, MD/Susanne G. Swift
Professor of Orthopedic Surgery

Chairman, Department of Orthopedic Surgery

Brett Levine, MD, MS

Assistant professor, Department of
Orthopedic Surgery

Wayne G. Paprosky, MD

Professor, Department of
Orthopedic Surgery

Scott M. Sporer, MD, MS
Director, Section of Quality and Outcomes

Associate professor, Department of
Orthopedic Surgery

David Kaufman, MD
Medical school — University of California, San Francisco, School
of Medicine
Residency — Stanford University Medical Center
Andrew Park, MD
Medical school — University of Virginia School of Medicine
Residency — Washington University in St. Louis
Brian Park, MD
Medical school — Albert Einstein College of Medicine
Residency - NYU Langone Medical Center/Hospital for Joint Diseases
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ELBOW, WRIST, AND HAND SURGERY

Mark S. Cohen, MD
Director, Section of Hand and Elbow Surgery
Professor, Department of Orthopedic Surgery

John J. Fernandez, MD

Assistant professor, Department of
Orthopedic Surgery

HAND, UPPER EXTREMITY, AND MICROVASCULAR FELLOWSHIP

Joseph Morgan, MD
Medical school — Indiana University School of Medicine
Residency — University of Missouri

FOOT AND ANKLE SURGERY

Robert W. Wysocki, MD

Assistant professor, Department of
Orthopedic Surgery

George Holmes Jr, MD
Director, Section of Foot and Ankle Surgery

Associate Professor, Department of
Orthopedic Surgery

Simon Lee, MD

Assistant professor, Department of
Orthopedic Surgery

FELLOW

Adam Bitterman, DO
Medical school — New York College of Osteopathic Medicine
Residency — University of Pittsburgh Medical Center

ONCOLOGY

Johnny L. Lin, MD

Assistant professor, Department of
Orthopedic Surgery

ONCOLOGY AND SPINE SURGERY

Steven Gitelis, MD
Director, Section of Orthopedic Oncology

Rush University Professor of
Orthopedic Oncology

Professor, Department of Orthopedic Surgery
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Matthew W. Colman, MD

Assistant professor, Department of
Orthopedic Surgery




PEDIATRIC ORTHOPEDIC SURGERY

Monica Kogan, MD
Director, Section of Pediatric Orthopedic Surgery

Assistant professor, Department of
Orthopedic Surgery

Director, Orthopedic Surgery Residency Program

Howard S. An, MD

Director, Division of Spine Surgery

Edward J. Goldberg, MD

Assistant professor, Department of

The Morton International Chair of Orthopedic Surgery
Orthopedic Surgery

Professor, Department of Orthopedic Surgery

Director, Spine Surgery Fellowship Program

Gunnar B. J. Andersson, MD, PhD
The Ronald L. DeWald, MD, Endowed Chair in

Spinal Deformities

Kim W. Hammerberg, MD

Assistant professor, Department of
Orthopedic Surgery

Professor and chairman emeritus, Department of
Orthopedic Surgery

Christopher DeWald, MD

Assistant professor, Department of
Orthopedic Surgery

Frank M. Phillips, MD

Director, Section of Minimally Invasive
Spine Surgery

Professor, Department of Orthopedic Surgery

David Fardon, MD

Assistant professor, Department of
Orthopedic Surgery

Kern Singh, MD

Associate professor, Department of
Orthopedic Surgery

FELLOWS

Gregory Lopez, MD

Medical school — University of Texas-San Antonio School of Medicine
Residency — University of California, Irvine, Medical Center

Grant Shiflett, MD

Medical school — Keck School of Medicine of USC

Residency — Hospital for Special Surgery

Alem Yacob, MD

Medical school — University of Michigan Medical School

Residency — Yale-New Haven Hospital
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SPORTS MEDICINE, SURGERY

Bernard R. Bach Jr, MD

Director, Division of Sports Medicine

Professor of Orthopedic Surgery
Professor, Department of Orthopedic Surgery

Director, Sports Medicine Fellowship Program

Charles A. Bush-Joseph, MD
Professor, Department of Orthopedic Surgery

Brian J. Cole, MD, MBA
Director, Rush Cartilage Restoration Center

Associate chairman for academic affairs and
professor, Department of Orthopedic Surgery

Brian Forsythe, MD

Assistant professor, Department of
Orthopedic Surgery

Shane J. Nho, MD, MS
Director, Section of Young Adult Hip Surgery

Assistant professor, Department of
Orthopedic Surgery

FELLOWS

Justin Griffin, MD

Medical school — Loyola University Stritch School of Medicine

Residency — University of Virginia

Timothy Leroux, MEd, MD

Medical school — University of Toronto Faculty of Medicine

Residency — University of Toronto

Eric Makhni, MD, MBA

Medical school — Harvard Medical School

Residency — Columbia University Medical Center

Mark McCarthy, MD

Medical school — University of Minnesota Medical School

Residency — University of lowa

Alexander Weber, MD

Medical school — University of Buffalo School of Medicine and
Biomedical Sciences

Residency — University of Michigan
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The Claude N. Lambert, MD/Helen S. Thomson

Gregory Nicholson, MD

Associate professor, Department of
Orthopedic Surgery

Anthony A. Romeo, MD

Director, Section of Shoulder and
Elbow Surgery

Professor, Department of Orthopedic Surgery

Nikhil N. Verma, MD
Director, Section of Clinical Research

Associate professor, Department of
Orthopedic Surgery

Adam Yanke, MD

Assistant professor, Department
of Orthopedic Surgery

SHOULDER SURGERY FELLOW

Robert Thorsness, MD

Medical school — Washington University School of Medicine
in St. Louis

Residency — University of Rochester Medical Center




SPORTS MEDICINE, PRIMARY CARE

Kathleen M. Weber, MD Julia Bruene, MD

Director, Primary Care/Sports Medicine Program Assistant professor, Department of Orthopedic

Assistant professor, Department of Surgery and Department of Family Medicine

Orthopedic Surgery

Jeffrey M. Mjaanes, MD

Assistant professor, Department of Orthopedic

Joshua Blomgren, DO

Assistant professor, Department of
Family Medicine and Department of Surgery and Department of Pediatrics

Orthopedic Surgery

FELLOW

Jeremy Alland, MD

Medical school — Rush Medical College

Residency — University of Pittsburgh Medical Center

ORTHOPEDIC PHYSICAL MEDICINE AND REHABILITATION

April M. Fetzer, DO

Assistant professor, Department of
Orthopedic Surgery and Department of
Physical Medicine and Rehabilitation

David S. Cheng, MD

Assistant professor, Department of Orthopedic
Surgery and Department of Physical Medicine
and Rehabilitation

Research Faculty

THE ROBBINS AND JACOBS FAMILY BIOCOMPATIBILITY AND IMPLANT PATHOLOGY LABORATORY

Robin Pourzal, PhD
Instructor, Department of Orthopedic Surgery

Robert M. Urban

Director, the Robbins and Jacobs Family
Biocompatibility and Implant Pathology
Laboratory

Associate professor, Department of
Orthopedic Surgery

Deborah J. Hall

Instructor, Department of Orthopedic Surgery

Thomas M. Turner, DVM

Associate professor, Department of
Orthopedic Surgery
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BIOMATERIALS LABORATORY

Anastasia Skipor, MS
Instructor, Department of Orthopedic Surgery

Nadim J. Hallab, PhD

Director, Section of Biomaterials and
Biomaterials Laboratory

Professor, Department of Orthopedic Surgery

SECTION OF MOLECULAR MEDICINE

Katalin Mikecz, MD, PhD
Professor, Department of Orthopedic Surgery

Tibor T. Glant, MD, PhD
Director, Section of Molecular Medicine

The Jorge O. Galante, MD, DMSc, Chair in
Orthopaedic Surgery

Professor, Department of Orthopedic Surgery

Not pictured:
Tibor A. Rauch, PhD, associate professor, Department of Orthopedic Surgery

THE JOAN AND PAUL RUBSCHLAGER MOTION ANALYSIS LABORATORY

Markus A. Wimmer, PhD

Director, the Joan and Paul Rubschlager Motion
Analysis Laboratory

Director, the Joan and Paul Rubschlager
Tribology Laboratory

Associate chairman for research and professor,
Department of Orthopedic Surgery

SECTION OF ORTHOPEDIC ONCOLOGY

Qiping Zheng, PhD
Assistant professor, Department of Anatomy and

Cell Biology

Carl Maki, PhD

Associate professor, Department of Anatomy and

Cell Biology
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SPINE RESEARCH LABORATORY

SPINE BIOMECHANICS

Nozomu Inoue, MD, PhD
Professor, Department of Orthopedic Surgery

SPINE BIOMECHANICS; CAD/COMPUTER ANALYSIS

Raghu N. Natarajan, PhD
Professor, Department of Orthopedic Surgery

Alejandro A. Espinoza Orias, PhD

Instructor, Department of Orthopedic Surgery

Markus A. Wimmer, PhD

Director, the Joan and Paul Rubschlager
Tribology Laboratory

Director, the Joan and Paul Rubschlager Motion
Analysis Laboratory

Associate chairman for research and professor,
Department of Orthopedic Surgery
Alfons Fischer, PhD

Visiting professor, Department of
Orthopedic Surgery

Not pictured:

Joachim Kunze, PhD, visiting instructor, Department of Orthopedic Surgery

Michel Laurent, PhD, scientist, Department of Orthopedic Surgery

Hannah J. Lundberg, PhD

Assistant professor, Department of
Orthopedic Surgery

Mathew T. Mathew, PhD

Assistant professor, Department of
Orthopedic Surgery
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Department of
Orthopedic Surgery Residents

CLASS OF 2015

Laith M. Al-Shihabi, MD

Medical school — Medical College of Wisconsin

Peter N. Chalmers, MD

Medical school — Columbia University College of Physicians
and Surgeons

Jonathan M. Frank, MD

Medical school — David Geffen School of Medicine at UCLA

William Slikker 11, MD

Medical school — Stanford University School of Medicine

David M. Walton, MD

Medical school — Case Western Reserve University School
of Medicine

CLASS OF 2016

Nicholas M. Brown, MD

Medical school — Columbia University College of Physicians
and Surgeons

Rachel M. Frank, MD

Medical school — Northwestern University Feinberg School
of Medicine

Bryan D. Haughom, MD

Medical school — University of California, San Francisco, School
of Medicine

Michael D. Hellman, MD

Medical school — Jefferson Medical College of Thomas Jefferson
University

Andrew J. Riff, MD

Medical school — Georgetown University School of Medicine

CLASS OF 2017

Gregory L. Cvetanovich, MD

Medical school — Harvard Medical School

Brandon J. Erickson, MD

Medical school — Tufts University School of Medicine

Yale A. Fillingham, MD

Medical school — Rush Medical College

David M. Levy, MD

Medical school — Columbia University College of Physicians
and Surgeons

Nathan G. Wetters, MD

Medical school — University of Illinois College of Medicine
at Rockford

CLASS OF 2018

Bonnie P. Gregory, MD

Medical school — University of Louisville School of Medicine

Molly C. Meadows, MD

Medical school — Columbia University College of Physicians
and Surgeons

Bryan M. Saltzman, MD

Medical school — Rush Medical College

Robert A. Sershon, MD

Medical school — Rush Medical College

Matthew W. Tetreault, MD
Medical school — University of Pittsburgh School of Medicine

CLASS OF 2019

Joshua Bell, MD

Medical school — Medical College of Georgia at Georgia Regents
University

Kevin Campbell, MD

Medical school — University of Wisconsin School of Medicine
and Public Health

Philip Louie, MD

Medical school — University of Washington School of Medicine

Timothy Luchetti, MD

Medical school — Columbia University College of Physicians
and Surgeons

Allison Rao, MD

Medical school — Stanford University School of Medicine

CLASS OF 2020

Brian A. Basques, MD

Medical school — Yale University School of Medicine

Daniel D. Bohl, MD, MPH

Medical school — Yale University School of Medicine

Islam Elboghdady, MD

Medical school — Rush Medical College

Charles Hannon, MD

Medical school — Georgetown University School of Medicine

Mick Kelly, MD
Medical school — University of Wisconsin School of Medicine
and Public Health
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Gunnar B. J. Andersson Retires

We welcome Gunnar Andersson’s visits. We miss his
regular contributions to the clinics and conferences, and
the pleasure of passing him daily in the halls. Gunnar
retired in 2015 after 30 years on the faculty at Rush.
Rush is—forever—the beneficiary of his tenure.

Gunnar Andersson, MD, PhD, truly embodies the spirit
of discovery, collaboration, and excellence that is the
theme of this year’s Rush Orthopedics Journal.

Before moving to the US from his native Sweden,
Gunnar was a visiting distinguished professor at Rush.
He collaborated with Jorge O. Galante, MD, DMSc,
whose contributions to Rush and to translational
research are cited in this journal (Brown, 2015, pages
53-56; and Della Valle, 2010, pages 68-70). Dr Galante,
chairman of the Department of Orthopedic Surgery from
its founding in 1972, brought Gunnar to Rush in 1985.
In 1994, Dr Galante became Grainger Director of the
Rush Arthritis and Orthopedics Institute and Gunnar
became the William A. Hark, MD/Suzanne G. Swift

Professor of Orthopedic Surgery and department chairman.

While Gunnar’s initial efforts were spread across

the orthopedic subspecialties, his work evolved to
subspecialization in spine. He coordinated his interests
and education in mechanics and engineering with his
training in surgery. He perceived the need for better
understanding of the human spine as it applied to the
needs of workers and industry. Famously, he designed the
seats for Volvo. However, his administrative talents and
ability to collaborate and translate his work into multiple
applications made his influence far-reaching and enduring.

While maintaining an active clinical practice and leading
his group and his department, he built a curriculum vitae
far thicker than this volume, including—at last count—
330 original papers, 530 abstracts, and 160 books and
book chapters. He has been a member of 17 editorial
boards, on many of which he still serves. He has been
president of 4 major, international organizations of spine
care physicians. At Rush, he has been president

of the medical staff, a trustee, senior vice-president of
medical affairs, and vice-dean for surgical services.
Gunnar conceived of and was instrumental in the
planning of the Orthopedic Building on the Rush
campus. And this year, Rush University awarded him
the Trustee Medal, Rush’s highest honor.

Through caring for patients, teaching, writing, editing,
collaborative clinical and laboratory research, leadership,
and being a friend and inspiration to his colleagues,
Gunnar has made so many important contributions

to Rush over the last 3 decades. Thanks to his efforts,
orthopedic specialists at Rush now—and for generations
to come—have the facilities, environment, and
opportunities to treat, to teach, to learn, to discover,

to collaborate, and to thrive.

Thank you, Gunnar.

Skol!

"Oenid Fanden—

David Fardon
Editor in Chief

2015 Rush Orthopedics Journal



“Too young for arthroplasty but often too symptomatic and high-demand

to simply manage, young patients with articular cartilage deficiencies

are very much in need of joint preservation strategies...

Collaborative Clinical and Basic Research
iIn Arthritis Treatment

A Young Woman Benefits from 10 Years of
Bench-to-Bedside Research at Rush

BRIAN J. COLE, MD, MBA / ANNEMARIE K. TILTON, BS / RACHEL M. FRANK, MD / SUSAN CHUBINSKAYA, PHD
MARKUS A. WIMMER, PHD / NIKHIL N. VERMA, MD / ADAM YANKE, MD

AUTHOR AFFILIATIONS

Department of Orthopedic Surgery
(Drs Cole, Frank, Wimmer, Verma, and
Yanke; and Ms Tilton) and Department
of Biochemistry (Dr Chubinskaya), Rush
University Medical Center and Midwest
Orthopaedics at Rush (Drs Cole, Verma,
and Yanke), Chicago, lllinois.

CORRESPONDING AUTHOR

Brian J. Cole, MD, MBA, Department

of Orthopedic Surgery, Rush University
Medical Center and Midwest Orthopaedics
at Rush, 1611 W Harrison St., Suite 300,
Chicago, IL 60612 (brian.cole@rushortho.com).

INTRODUCTION

Having orthopedic clinical subspecialists
and basic science researchers in the same
facility, with easy access to one another,
fosters a multidisciplinary approach that
can provide solutions to patients whose
situations otherwise seem hopeless. In
turn, these patients stimulate clinicians
and scientists to seek new ways to address
unsolved orthopedic problems. As an
example, we present the case of a young
lady whose function and outlook on life
were restored by such collaboration at

our institution.

CASE REPORT

An 8-year-old girl injured her left knee
while doing a cartwheel. Her first operation
consisted of a left knee arthroscopy with
articular cartilage debridement. Unfortunately,
her recovery was complicated by a deep
intra-articular staph infection. Over the
subsequent 10 years, she underwent

8 additional operations to eradicate the

infection and remove damaged cartilage.

Despite repeated surgical interventions,
she continued to have debilitating pain
and loss of function. At the age of 18, she
was referred by her treating orthopedic
surgeon to Midwest Orthopaedics at Rush
for an alternative to joint replacement
surgery. During initial clinical evaluation
by our team, she stated that her condition
was deteriorating and that she had been
unable to engage in athletics, navigate
stairs, or ride a bicycle. Her father and
grandfather had been volunteer firefighters,
and it was her desire to someday join them
in that pursuit.

Magnetic resonance imaging (MRI)
(Figure 2) demonstrated mild bone marrow
edema in the proximal medial tibial
plateau, a full-thickness chondral defect of
the posterior medial femoral condyle with

associated mild bone marrow edema, and
evidence of a prior partial meniscectomy.

Standard radiographs, including long-

leg alignment films (Figure 3), revealed
neutral alignment, an irregular appearance
to the medial femoral condyle with small
osteophyte formation, and a corresponding
irregular appearance to the medial tibial
plateau with mild subchondral sclerosis.

Because she had relatively localized medial
symptoms, we performed fresh medial
femoral condyle osteochondral allograft
transplantation and a microfracture of the
medial tibial plateau (Figure 1).

One year postoperatively, the patient
noted a significant reduction in pain

and profound improvements in overall
function (Figure 4). She had clinically
meaningful improvements in Lysholm
(22 to 61), International Knee
Documentation Committee (IKDC,

15 to 71), Knee Injury Osteoarthritis
Outcome Score (KOOS) pain (20 to
94), KOOS Sports (0 to 65), and KOOS
Function in daily living (ADL) (34 to 99).
She was able to cycle, climb stairs, and
ultimately, engaged in a vigorous exercise
program intended to prepare her to be a
volunteer firefighter.

12 | Articles



Figure 1. Arthroscopic images of the left knee demonstrating the A, medial femoral condyle defect with associated tibia chondromalacia; B, microfracture
of the medial tibial plateau; and C, insertion of the medial femoral condyle osteochondral allograft via a medial parapatellar arthrotomy.

Figure 2. Noncontrast MRI of the left knee taken prior to cartilage restoration, following a series of 9 prior surgeries, demonstrating flattening of
the medial femoral condyle associated with medial compartment joint space narrowing and mild medial tibial plateau osteophyte formation; also
appreciated is a full-thickness posterior medial femoral condyle defect and associated bone marrow edema in the proximal medial tibial plateau and
medial femoral condyle.

THE NEED FOR TRANSLATIONAL
RESEARCH

This young woman represents the
challenge of treating patients with cartilage
deficiencies. The patients are often young,
otherwise healthy, and present to the clinic
with high expectations of returning to
preinjury levels of activity. Additionally,
they often have undergone prior treatment,
including both nonoperative and operative
strategies. The comprehensive management
of these patients revolves around not only
addressing the cartilage lesion, but also,
and more importantly, addressing other
concomitant factors, including meniscal
pathology, malalignment, and/or
ligamentous instability. This is especially
important because cartilage lesions may be
simply incidental, and the decision to treat
is based upon confirmed contribution to
the patients’ symptoms. Consideration of
both patient-specific (eg, age, activity level,
expectations) and disease-specific factors is

a prerequisite for treatment planning and

optimization of short- and long-term

clinical outcomes.!®

For the treatment provided to this patient,
several methods, materials, and results
produced from our collaborative research
efforts were integral to the decision
making, and ultimately, the technique
utilized for osteochondral allograft
transplantation (Figure 4).

Biologics

Nonsurgical options for the treatment of
articular cartilage defects play an important
role in the overall management of these
patients. Often, nonoperative alternatives,
such as platelet-rich plasma (PRP) and/or
hyaluronic acid (HA) supplementation are
utilized as a “last resort” prior to embarking

upon a more invasive surgical solution.

A recent double-blind, prospective,
randomized, controlled trial conducted at
our institution compared intra-articular

injections of HA and PRP as noninvasive

alternatives for treating symptomatic
osteoarthritis. The results suggest PRP
provides superior pain relief and biochemical
factors in the synovial fluid as compared to
HA.? A 2014 in vitro study also from our
institution analyzed the effects of PRP and
HA on the synovium and cartilage
harvested from patients undergoing total
knee arthroplasty. The authors found that
while both PRP and HA resulted in
decreased catabolism, PRP was biochemically
superior with respect to its antinociceptive
and anti-inflammatory properties.'® Recent
research efforts on the nonsurgical treatment
for osteoarthritis by our team focus on the
use of autologous, adipose-derived
regenerative cells and bone marrow
concentrate as possible additional
alternatives to the use of PRP and HA.

Biomechanics, Tribology, and
Gait Analysis

As part of a thorough evaluation of a

patient contemplated for cartilage

2015 Rush Orthopedics Journal | 13
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Figure 3. Pre- and post-cartilage restoration conventional radiographs of the patient'’s left

knee. A, Anteroposterior view; B, lateral view; C, 45-degree oblique posteroanterior view,
prerestoration; D, Alignment view, prerestoration, showing neutral alignment; E, F, One-year
postoperative radiographs demonstrating excellent incorporation of the medial femoral condyle
osteochondral allograft plug (A, anteroposterior view; B, lateral view).

restoration, alignment is critical because
it relates directly to how patients load
their tibiofemoral joint and speaks to why
patients complain of pain with loading
activities. Specifically, biomechanical
work in our laboratory suggests that, while
recommendations for overcorrecting the
varus knee have been espoused historically,
alignment corrections to valgus beyond

3 degrees offer very little in the way of
additional biomechanical unloading of
the tibiofemoral joint.!! This knowledge

is critical: recent data suggest that
overcorrection of the mechanical axis into
the lateral compartment can otherwise
preclude a patient from being properly
indicated for a unicompartmental knee

replacement, should that be required if

symptoms return. Similarly, complications
related to osteotomy are not uncommon,
including intra-articular fractures, which
can occur at the time of surgery.
Biomechanical studies in our laboratory
have determined that the management of
lateral tibial plateau fractures occurring
intraoperatively are best managed with
osteosynthesis to prevent postoperative
displacement (A. Espinoza, PhD; J. Riboh,
MD; K. Campbell, MD; A. Yanke, MD;
B. Cole, MD, MBA; unpublished data;
February 2015).

Similar work has been completed for the
patellofemoral joint, substantiating the
need to perform a tibial tubercle osteotomy
at the time of patellofemoral articular
cartilage management in order to optimize
the mechanical environment and assure
the most predictable outcome.!?

Adding to the body of work on osteotomy
is a sophisticated gait analysis laboratory
that generates research and clinically
relevant data. For example, preoperative
assessment in our gait laboratory of the
varus knee with a lateral-offset walking cast
validated a useful tool to properly indicate
a patient for tibial osteotomy."”® Should a
patient fail to respond to nonarthroplasty
treatment for cartilage damage, advances
gained from the tribology laboratory, such
as insight into friction, lubrication, and
weatr, provide important contributions

to the clinical understanding of joint
replacement surgery.




Allograft Preservation

Collaborating with the department of
biochemistry,'* we investigated the effects
of fresh osteochondral allograft preservation
time on cell viability to determine optimal
graft preservation methods. A prospective
study® demonstrated that “prolonged fresh”
osteochondral allografts, which were
historically stored for up to 42 days were
histologically and biochemically inferior
compared to those stored for shorter time
frames of no more than 28 days. This
finding affected how tissue banks across the
country preserve donor cartilage and helped
to optimize graft availability for patients.

Recently, collaborative work in the
biochemistry lab assessed the viability

of chondrocytes when exposed to
chlorhexidine.'® The results from this
study demonstrated that chlorhexidine
concentrations of 0.002% prevented
bacteria formation while remaining
nonchondrotoxic, whereas higher
concentrations of chlorhexidine caused
chondrocyte death at unacceptable levels.
Overall, this study is clinically applicable,
because it offers new insight into the
decontamination of osteochondral allografts

without affecting chondrocyte viability.

Advances in Surgical Technique

Recent research!™!® has shown that

the physical techniques of allograft
implantation are important determinants
of a successful osteochondral allograft
transplantation. Research in the Rush
biomechanics and tribology labs has helped
to develop an impaction profile that

guides the amount of force used to implant
osteochondral grafts. We determined that
the relevant mechanical variables for
maximal cell viability include load level
and impulse during insertion, and further,
that radial strains should be minimized.
These findings resulted in industry-wide
changes of cartilage transplant methods
and instrumentation. Overall, these studies
help to define optimal insertion strategies
of allografts at the time of surgery and have
helped to define the tolerances between the
graft and host bed at the time of surgery to
minimize the amount of impaction forces

Figure 4. Intraoperative photographs demonstrating A, fresh osteochondral allograft femoral
condyle; B, preparation of allograft on back table; C, sizing of allograft to match host defect size;
D, osteochondral “plug” created using customized instrumentation; E, adjusting depth of allograft
to match depth of already-measured defect; F, confirming measurements of allograft depth;

G, placement of “plug” into defect on femoral condyle; H, impaction of allograft into defect bed;
I, final appearance of osteochondral allograft placed flush into defect bed.

at surgery. Current efforts at Rush include
studies that topographically define alternative
graft sources in an effort to reduce the
existing donor supply constraints.

Microfracture Adjuncts

Over the past decade, an increased
number of publications have discussed
reparative strategies to restore cartilage,
including augmented microfracture!® and
matrix-associated autologous chondrocyte
implantation techniques. Recent in vivo
work, including an investigation of
micronized allograft collagen as a scaffold
hydrated with PRP (BioCartilage; Arthrex,
Inc., Naples, Florida) in an equine model
for cartilage defects?® and an in vivo study
of the effects of a collagen membrane to
enhance marrow stimulation procedures
in the glenohumeral joint,’! suggest that
the outcomes of traditional microfracture

surgery can be improved.

Research and Statistical Analysis of
Clinical Outcomes

On the clinical side, utilizing the power
of the Rush Cartilage Restoration Center

Registry, we reported on the outcomes of

patients undergoing osteochondral allograft
transplantation.” In this 2007 prospective
study, researchers followed 25 consecutive
patients undergoing osteochondral
transplantation for an average of

35 months after surgery. On average,
patients had significantly increased
Lysholm, IKDC, KOOS, and Short-Form
12 (SF-12) outcomes scores compared to
preoperative levels; further, these patients
reported an 84% satisfaction rate and a
79% knee function rate, compared to the
contralateral knee. Overall, these early
results provide support for osteochondral
allograft transplantation, especially in
young patients who otherwise may have no
other realistic surgical option, such as the

girl described earlier.

A 2012 systematic review of the
literature,?” in which Chahal and
colleagues from Rush analyzed 19 studies
with 644 knees at an average 58 months
of follow-up, provided support for this
clinical work. The authors reported an
overall satisfaction rate of 86%, with a
short-term complication rate of 2.4% and
an overall failure rate of 18%. Importantly,
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Figure 5. Rush Cartilage Restoration Center team. Back row, left to right: Markus A. Wimmer, PhD;
Adam Yanke, MD. Front row, left to right: Kavita Ahuja, MBBS; Vincent M. Wang, PhD;

Brian J. Cole, MD, MBA, director, Rush Cartilage Restoration Center; Elizabeth Shewman, PhD;
Susan Chubinskaya, PhD. Not shown: Nikhil N. Verma, MD. Photo courtesy of John Booz.

the authors reported that 46% of patients Preoperatively, the status of the medial

underwent concomitant procedures, which meniscus in our patient was in question.
is consistent with the patient population in  In spite of her clinical presentation, MRI
our clinical practice. findings, and multiple previous surgeries,
we were uncertain of the integrity of

Concomitant Management of

ratl the meniscus prior to our diagnostic
Comorbidities

arthroscopy. Given the role the meniscus
Preoperative considerations in the plays within each compartment, its status
patient discussed previously included is crucial when considering cartilage
the evaluation of her articular cartilage, restoration, As shown via studies

conducted in collaboration with the
25,26

meniscus, ligaments, and overall

alignment. If any such comorbidities had department of biomechanics,*** segmental

been present, the cartilage restoration meniscectomy is biomechanically akin

procedure performed in isolation would to a total meniscectomy with respect to

have been predisposed to early failure. tibiofemoral load bearing.

Several clinical outcome studies have ) i )
o Thus, prior to surgery, we discussed with
demonstrated favorable clinical outcomes ) o ]
. ) the patient the possibility of performing
following combined procedures: a study )
) ) ) MAT. In perhaps the largest series to
on patients undergoing meniscal allograft

transplantation (MAT) with fresh
osteochondral allograft transplantation;*

date, investigators at Rush found that of
172 patients undergoing MAT (with or

) ) without concomitant procedures), overall
and a second study on patients undergoing }
. ) ) ) allograft survival was 95% at an average of
MAT with cartilage restoration (with : o )
) 5 years following transplantation.?” In this
osteochondral allograft transplantation, S i
) cohort, which included some high-level
microfracture, or autologous chondrocyte ) .
athletes, the reoperation rate was relatively

high, with 64 patients (32%) returning to

the operating room, the majority for

implantation [ACI]), and realignment
(distal femoral osteotomy or high tibial

osteotomy).?* Together, these patients
) Y ) g ’ P ) ) arthroscopic debridement. Of those
provide us with data for counseling patients i .
on their expected outcomes in these patients requiring subsequent surgery, the
diffcult clinical sicuati overall allograft survival rate at 5 years was
ifficult clinical situations.
still relatively high, at 88%. In a separate
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MAT outcomes study analyzing 22 patients
at an average of 8.5 years following MAT,
our team found reduced pain, increased
range of motion, and improved function/
satisfaction, with an overall success rate
of 88%.2® Most compelling is a recent
publication on high-level athletes
undergoing MAT with a predictable and
sustained ability to return to sport,
challenging the historical argument that
these procedures can only be performed
successfully in lower-demand patients.?”

CONCLUSIONS

Patients who require cartilage restoration
procedures are perhaps among the most
challenging to treat. Too young for
arthroplasty but often too symptomatic
and high demand to simply manage,
young patients with articular cartilage
deficiencies are very much in need of
joint preservation strategies to successfully
address their condition.

A comprehensive approach to caring for
the patient with cartilage deficiency is
critical because adequate treatment relies
not only on appropriate surgical technique
but also on basic, translational, and clinical
research studies occurring behind the
scenes. These research strategies have
guided our clinical decision making for
almost 2 decades, and the multidisciplinary,
collaborative approach used by the
Cartilage Restoration Center at Rush team
(Figure 5) enables us to contribute to the
body of cartilage deficiency literature while
learning from the contributions of others

around the world. &

References and financial disclosures
are available online at
www.rush.edu/orthopedicsjournal.




‘A rare and potentially complicated cause of back pain

is aneurysmal bone cyst (ABC), a benign neoplasm characterized by

blood-filled cavities with varying degrees of tissue destruction.
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INTRODUCTION

Back pain is ubiquitous, debilitating, and
costly to society. Though the source of back
pain is often due to common mechanical
and degenerative disorders, there are
numerous less-common sources. A rare

and potentially complicated cause of back
pain is aneurysmal bone cyst (ABC), a
benign neoplasm characterized by blood-
filled cavities with varying degrees of tissue
destruction.!? Although ABCs are benign,
they can be difficult to distinguish from
malignant disease. Even with early and
proper identification, an ABC can weaken
the structural integrity of the spine and/or
compress the spinal cord and nerve roots.
Treatment options vary in their level of
invasiveness but share the ultimate goals of
decreasing pain, reducing recurrence, and

maintaining spinal stability.

Figure 1. Preoperative lateral thoracic radiograph. The overlying bony anatomy and viscera
obscure the lesion.

PATIENT PRESENTATION

A 19-year-old female presented to the
emergency department at Rush University
Medical Center with severe back pain. She
had experienced progressive back pain for
2 months with no history of antecedent
trauma. The pain had been intolerable for
3 weeks. Her physical exam was notable
due to her paraspinal tenderness as well

as inability to ambulate due to pain.

We observed no sensory or motor deficits.

Radiographs (anteroposterior [AP] and

lateral of the thoracic and lumbar spine)
did not demonstrate obvious pathology
such as a fracture, deformity, or bony
destruction (Figure 1). Because of the
severity and duration of her pain, we
obtained magnetic resonance imaging
(MRI) and computer tomography (CT)
scans (Figures 2 and 3). The most
profound findings were bone and soft
tissue abnormalities involving the bilateral
pedicles, pars, lamina, and spinous process

of the T11 vertebra. This appearance
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can also be seen with telangiectatic

osteosarcoma, a more malignant neoplasm;
therefore, we performed a CT-guided
needle biopsy. We found blood-filled
cavities with thin-walled fibrotic trabeculae
layered with giant cells without atypical
cellular hypertrophy, a pattern consistent
with ABC.

After informed consent, we performed
T10-T12 posterior thoracic laminectomies,
transpedicular en bloc resection of the T11
tumor and posterior instrumented spinal
fusion from T9-L1 with an anterior fibular
allograft. There was minimal infiltration of
the paraspinal soft tissue. The cortex of the
T11 lamina was intact. During the drilling
of the lateral part of both pedicles at T11,
we encountered a tumor, which we sent for
frozen section. Preliminary observations

by the pathologist confirmed the suspected
diagnosis of ABC. Once the transection

of the pedicle was complete, the tumor

mass was free.

The lesion was friable and separated into
2 pieces upon removal (Figure 4). Analysis
of the pathologic specimen revealed
mononuclear cells and multinucleated
osteoclast-like giant cells with admixed
hemorrhage that formed cystic spaces,
many filled with blood (Figure 5). These
morphologic features are consistent

with an ABC.

During the 4-hour operation, the patient
received 4,000 ml of crystalloid intravenous
(IV) fluid and had an estimated blood loss
of 600 mL. Sensory and motor function
throughout her trunk and lower extremities
remained intact postoperatively. She stayed
in the surgical intensive care unit (ICU)
for one night and received 1 unit of packed
red blood cells. She was able to ambulate
without pain in 1 week and was discharged
from the hospital on postoperative day

8, after achieving physical therapy goals.

At 6 weeks from the index procedure, she
was pain free without any limitations.
New AP and lateral standing
thoracolumbar scoliosis radiographs
revealed that the instrumentation was
intact (Figure 6). Her spinal balance was

within normal limits in all planes.

DISCUSSION

ABC:s of the spine are rare, accounting for
1.4 patients per 3 million."* The etiology
of this benign condition is unknown.
ABCs are most commonly located in

the metaphysis of long bones; however,
10% to 30% of all cases are located in the
spine."”*> Females are typically affected
more than males by the condition, which
commonly occurs in the second decade
of life. A large, population-based study
found up to 66% of ABCs occurred in

Figure 2. Preoperative A, sagittal
and B, axial MRI. A multilobulated
cyst enhances the lesion that
involves spinous process, lamina,
pedicles and posterior aspect of
the vertebral body of T11. There
is a narrow zone of transition
without marrow edema. Multiple
fluid-fluid levels are present
within this multicystic lesion.
There is compression of the cord
by high grade stenosis but no
abnormal signals within the
cord. The remainder of the
thoracic spine and surrounding
soft tissues are normal and show
no infiltration.

patients younger than 20 years of age

and were likely related to skeletal growth
and immaturity. Spinal ABCs have a
predilection to the thoracolumbar spine,
where they present as ballooning of the
posterior elements of the spine with a
thin, well-defined rim in the periphery.’
However a fluid-filled lesion is not specific
to an ABC, thus requiring a biopsy for a
definitive diagnosis.

Clinically patients will often present with a
gradual onset of back pain due to paravertebral
invasion of the lesion. A spinal deformity
or palpable mass may be present.>” When
spinal cord compression is present, motor
and sensory deficits become apparent. The
lesions are characterized by highly vascularized
blood-filled cavities with varying degrees of
aggressiveness in local tissues, predominantly
seen in the posterior elements.!? Radiographs,
MRI, and CT are used to make a diagnosis
in conjunction with a biopsy. ABCs appear
as a blown out “soap bubble” appearance
on radiographs.” MRI allows for evaluation
of neural impingement and may show
locular lesions and fluid-fluid levels on
T2-weighted images. A septate pattern that
represents multilocular lytic lesions with
cortical erosion and expansion can be
visualized on CT. Additionally, angiography
can identify arteriovenous shunts by

determining blood supply to the lesion.>®
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Figure 3. Preoperative A, sagittal and B, axial
CT views. A lytic mass involving the posterior
elements of the T11 vertebrae is visible, with
erosion of the normal trabeculae resulting in
communication with the spinal canal.

Although ABC:s of the spine are generally
considered benign, they can become locally
aggressive, as described by Enneking,’ who
classified the severity of the invasiveness of
cysts relative to 3 stages: inactive, active,
and aggressive. An inactive tumor (S1) is
fully contained, latent, static, and “self-
healing,” and is thus the most benign. There
is minimal periosteal reaction or inflammation
because expansion is rare. Mild pain
symptoms are generally reported in active

lesions (S2) and expansion. Radiographs
show cortical thinning and reactive bone
separating the lesion from unaffected bone.
Aggressive tumors (S3) are the most
symptomatic. Rapid expansion and destruction
to surrounding tissues have been reported
in this subtype. Even after surgical
resection, recurrences can occur with worse

structural and neurological impairment.°

Nonsurgical management of clinically
significant spinal ABCs has a limited role
because early surgical intervention provides
satisfactory results.” A variety of interventions
has been described including angiography
for embolization, radiation, intralesional
curettage with or without allografts or
polymethyl methacrylate supplementation,

and en bloc tumor excision.">*!!

Selective arterial embolization (SAE)
is becoming more frequently used in
the treatment of ABCs. Given the
vascular nature of ABCs, this strategy

was previously used simply to reduce

intraoperative bleeding. However, SAE

Figure 4. This image reveals the friable lesion involving the posterior elements (left) as well as a

portion of the T11 vertebra (right).

has gained momentum in serving as a
modality to heal an ABC without the
morbidity of open procedures. As a stand-
alone treatment, its goal is to initiate
tumor necrosis by stopping blood supply.
Additionally, SAE can be used before
open resection to help minimize blood
loss.#361012514 Although a less-invasive
procedure, a single SAE treatment

may not produce the desired results,
requiring repeated attempts. Amendola

et al performed SAE on 7 patients with a
primary ABC in the mobile spine.!”? The
number of embolizations required ranged
from a single treatment to 7 procedures

to accomplish complete necrosis of the
ABC. At mean follow up of 46 months,
all patients were free of disease, requiring
no additional surgical intervention.
Similarly, Boriani et al emphasized the
need for multiple embolization treatments
due to unsatisfactory results after initial
embolization and the overall increased
radiation exposure from repeat procedures.’®
This group also observed the development
of collateral circulation at the tumor

site following SAE administration.
Additional concerns have been expressed
with SAE performed in the thoracic and
upper lumbar spine, because accidental
embolization of the artery of Adamkiewicz
could lead to cord ischemia and anterior
cord syndrome.*

Adjunct radiation therapy has also been
shown to alleviate pain and reduce cyst size
but has not become routine practice, given
the risks of developing radiation-induced

sarcoma, myelopathy, or spinal deformity."

An intralesional excision often involves
piecemeal removal of the tumor (curettage).
The use of structural allograft or polymethyl
methacrylate has been shown to be effective
in S1 and S2 tumors with a low rate of
recurrence. However, if applied to more
aggressive tumors (S3), recurrence rates have
been reported upwards of 30%, with most

occurring within 2 years of the excision.”'®16:17

En bloc resection is an attempted complete
marginal removal of the tumor and has
been associated with the lowest rate of
recurrence after initial treatment.* &1%14

Campanacci et al reviewed 47 cases of
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ABC in multiple locations (including the
spine) where complete en bloc resection
was performed. No patients were found to
present with an ABC recurrence. Similarly,
no spinal ABC patients followed by Boriani
et al who underwent an en bloc resection
presented with recurrence of an ABC
lesion.'® Nine patients with ABC in the
spine were followed for a minimum of

2 years by Mesfin et al."* Two patients had
tumor recurrence and required extensive
anterior and posterior spinal fusion; no
additional recurrences have been observed.
Harrop et al reviewed several studies
specific to spinal ABCs and strongly
recommended complete en bloc resection
of ABCs that occur in the spine.'®

Complications with en bloc resections are
most commonly related to blood loss requiring
transfusions.>'! Additionally, en bloc tumor
excision without stabilization may lead to
spinal instability; therefore, instrumented

fusion is often a concomitant procedure.

These procedures are complicated and
require a large amount of preoperative
planning to successfully remove the tumor
with free margins.!” Despite the morbidity
associated with the significant surgical
dissection, en bloc resection results in a low
tumor recurrence rate while providing a

stable, balanced spine.

CONCLUSIONS

Despite their benign nature, ABC lesions
can threaten the bony architecture and
vital neural structures of the spinal column.
Correct treatment depends upon the
aggressiveness, size, and location of the
lesion. In the case presented here, an ABC
caused pain and instability of the spine and
cord compression in an otherwise healthy
19-year-old woman. En bloc resection

of the T11 vertebra with decompression
and fusion of the thoracolumbar spine has
successfully relieved her pain, restored
stability, and minimized the chance of
local recurrence. &

References and financial disclosures
are available online at
www.rush.edu/orthopedicsjournal.
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Figure 5. Intermediate power view of an ABC showing clusters of giant cells (white arrow) in a
background of spindle cell proliferation within the septa (black arrow). Vascular proliferation may
also be seen (star).

Figure 6. Postoperative A, anterior-posterior and B, lateral scoliosis
radiographs. Status—post T10-T12 decompression, resection of T11 tumor,
and posterior spinal instrumentation from T9 to L1. This instrumentation
consists of bilateral pedicle screws at T9, T10, T12, and L1 stabilized by
vertical connecting rods and a horizontal crosslink.




‘OVerall, surgery for displaced greater tuberosity fractures is highly successful,

with very low complication rates and high patient satisfaction.
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Figure 1. A, Anteroposterior (AP) and B, axillary radiographs of a 66-year-old woman with a greater
tuberosity fracture and concomitant surgical neck fracture. Due to extensive medical comorbidities,
she has been managed nonoperatively. As a result of the posterosuperior displacement of her greater
tuberosity fracture, this patient has had limitations in shoulder abduction and external rotation.

INTRODUCTION

Isolated fractures of the greater tuberosity
occur less frequently than other types of
proximal humerus fractures. Fracture
patterns and displacement determine
treatment.?>?’ Nondisplaced fractures

are often managed nonoperatively.”??
Operative intervention may prevent loss
of motion from subacromial impingement.
Superior displacement decreases abduction
and posterior displacement limits external
rotation. Posterosuperior displacement has
produced the worst outcomes (Figure 1).%

The debated displacement requiring

operative care has ranged from 3 to 10 mm.

Less displacement is tolerated in young,

overhead athletes, and more displacement

may be accepted in older, less-active
patients.!®?*26 [deal surgical method is
unclear,”® with possibilities including
fragment excision, open reduction internal
fixation (ORIF), closed reduction with
percutaneous fixation, and arthroscopic-

assisted reduction with internal fixation.>*%

We sought to determine the treatment
patterns for management of isolated fractures
of the greater tuberosity. We hypothesize
that minimally displaced greater tuberosity
fractures may be treated nonoperatively
while those with significant displacement

require surgical fixation.

METHODS

Search Strategy

We conducted a systematic review of the
available literature according to Preferred
Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) checklist."
Systematic review registration was
performed with the PROSPERO
International prospective register of
systematic reviews (registration number
CRD42014010691). Searches were
completed in August 2014 using the
MEDLINE/PubMed databases and the
Cochrane Central Register of Clinical
Trials. We designed the keyword selection
to capture all Level I-IV evidence
(according to the Oxford Centre for
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Initial search

((ERED)]

ADDED
Studies identified by
cross-referencing
reference lists

Potentially eligible studies
(n = 149)

EXCLUDED
Reviews, techniques,
basic science,
case reports

Proximal humerus fracture

studies with clinical and/or
radiographic outcomes

EXCLUDED
Unable to separate
greater tuberosity

fractures

(U (1))

Isolated greater tuberosity

fracture studies with clinical
and/or radiographic outcomes

EXCLUDED
No minimum
2-year
follow-up

(n=18)

Final studies available for

systematic review
(n=13)

Figure 2. Flowchart demonstrating search strategy based on Preferred Reporting Items for

Systematic Reviews and Meta-Analyses (PRISMA).

Evidence-Based Medicine), English-
language studies that reported clinical and/
or radiographic outcomes. This was
accomplished using an electronic search
algorithm with keywords and a series of
“NOT” phrases designed to match our
exclusion criteria. Initial study exclusion
criteria consisted of cadaveric, biomechanical,
histological, and kinematic results.

Study Selection

The search yielded 135 initial results,
which were then reviewed for further
differentiation. All references within these
initial studies were cross-referenced for
inclusion if missed by the initial search;
this process added 15 additional studies.
We excluded technical notes, letters to the
editor, and Level V evidence reviews. To
ensure that no patients were counted twice,
we reviewed and compared each study’s
authors, data collection period, and ethnic
population to those of the other studies.

If there was any overlap in authorship,
period, and place, only the study with
longer follow-up, more patients, or more
comprehensive data was included. If a
study separated outcomes by diagnosis, only

outcomes for patients with isolated greater
tuberosity fractures were included. Data
on 3- or 4-part proximal humerus fractures
and isolated lesser tuberosity fractures were
excluded. We also excluded studies that
could not be deconstructed as such or that
were entirely devoted to 1 of our exclusion
criteria. Minimum follow-up duration was
2 years. After accounting for all inclusion
and exclusion criteria, 13 studies with

429 patients (429 shoulders) were selected

for inclusion (Figure 2).1:26-815:17.23.25-27.29

Data Extraction

From the 13 studies that satisfied eligibility
criteria, we recorded study design, sample
size, and demographics. We also tabulated
mechanism of injury and presence of
concomitant anterior shoulder instability.
In order to capture the largest number of
patients, radiographic fracture displacement
was reported categorically (vs continuously).
We divided patients into 1 of 2 groups: less
than or greater than 5 mm of displacement.
We studied both nonoperative and
operative management and abstracted
surgical factors such as the approach,

method, fixation type (screws or sutures),

and technique (suture anchors or
transosseous tunnels). Clinical outcomes
included physical exam, functional assessment
(percent patient satisfaction, Constant,
University of California, Los Angeles [UCLA]
scores), and the number of revisions.
Radiographic outcomes focused on loss of
reduction (as determined by the respective
authors), malunion, nonunion, and
heterotopic ossification. For nonoperative
patients, we defined “loss of reduction” as
increased fracture displacement. Each
study’s methodological quality and bias
were evaluated using the modified Coleman
methodology score (MCMS) described by
Cowan et al.* The MCMS is a 15-item
instrument that has been used to assess
both randomized and nonrandomized

L2 Tt has a scaled potential

patient trials.
score ranging from 0-100, with scores from
85-100 being excellent; 70-84, good; 55-69,

fair; and less than 55, poor.

Statistical Analysis

We reported our data as weighted means
with standard deviation. A mean was
calculated for each study that reported a
respective data point, and each mean was
then weighed according to its study sample
size. This calculation was performed by
multiplying a study’s individual mean by
the number of patients enrolled in that
study and dividing the sum of these weighted
data points by the number of eligible patients
in all relevant studies. In this way, the
nonweighted means from studies with a
smaller sample size did not carry as much
weight as those from larger studies.
Comparisons were made between 3 paired
groups: nonoperative vs operative, fracture
displacement less than 5 mm vs that greater
than 5 mm, and open vs arthroscopic surgery.
We compared all subject, surgical, and
outcomes data using chi-squared tests and
2-sample and 2-proportion z test calculators

with equal variance and an alpha value of

.05 (SPSS v.18; IBM Inc., Armonk, NY).

RESULTS

Demographic information and treatment
strategies are listed in Table 1. Concomitant
shoulder instability was reported in 28.1%
of patients. The mechanism of injury
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Table 1. Demographics for the Final Cohort of Included Patients

Parameter Value

Ge n d e r1 12,7,8,14,16,23,25-27,29

Males, No. (%)
Age (years)1,2,7,8,14,16,23,25-27,29
Shoulder dominance’:"6:25.26.2°
Dominant, No. (%)

Fracture displacement1,2,7,8,14-16,23,25,26,29

Treatment

Surgical management, No. (%)

Percutaneous fixation, No. (%)%%

Number with displacement under 5 mm, No. (%)

Nonoperative management, No. (%)'>2>%7

Open reduction internal fixation, No. (%)"7:8262°
Arthroscopic fixation, No. (%)'416:23.29

235 (58.0)
50.7 £ 9.2

154 (59.0)

242 (59.2)

217 (50.6)
212 (49.4)
132 (30.9)
56 (13.1)
24 (5.6)

was not reported in all studies but most
commonly was a fall on an outstretched
hand (n = 75); 31 patients suffered sports-
related injuries, and 37 patients hurt their
shoulders in motor-vehicle collisions. Of

429 patients, 50.1% were treated surgically.

Postoperative physical exam findings were
underreported for the sake of comparisons
between treatment groups. Four studies
reported postoperative forward elevation
(160° + 9.8°) and external rotation
(46.4° + 26.3°).18143 No malunions and
only 1 nonunion were reported in all

13 studies. Eight operative patients
required reoperation. Twelve cases of
stiffness were reported, all in the surgical
group, and 3 required revision surgery.
One patient required revision ORIE
There were 2 cases of superficial infection
and 4 neurologic injuries after surgery.

No deaths or other serious medical

complications were documented.

For comparisons between nonoperative
and operative, minimally displaced and
displaced, and open/percutaneous and
arthroscopic groups, see Tables 2, 3, and
4, respectively. Patients with anterior
instability were more common in the
operative group (vs nonoperative)
(39.2% vs 12.0%, P < .01); and in

the displaced (vs displacement under

5 mm) (44.3% vs 14.5%, P < .01) group.

Operative patients had significantly fewer
cases of radiographic loss of reduction
(5.2% vs 48.6%, P < .01) and better
patient satisfaction (90.4% + 13.0%

vs 46.1% + 47.1%, P < .01) than the
nonoperative group. The operative group
had a significantly increased rate of
shoulder stiffness (5.7% vs 0.0%, P = .03).
Compared to fractures with greater than

5 mm of displacement, those with less than
5 mm of displacement had more cases of
radiographic loss of reduction (42.7% vs
10.3%, P < .01) and fewer instances of
heterotopic ossification (0.0% vs 7.5%,

P < .01). Less than 1% of minimally
displaced fractures required eventual
surgery compared to a 3.7% reoperation
rate in the displaced fracture group. There
were no statistically significant differences
between arthroscopic and open techniques
in terms of stiffness, neurologic injury, or

reoperation rates.

The mean MCMS for the 13 studies was
41.1 £ 8.6. All studies, with the exception
of 1,% consisted of Level IV evidence.

DISCUSSION

Five percent of all fractures involve the
proximal humerus, of which 20% are
isolated greater tuberosity fractures.>'°
Neer formulated the 4-part proximal

humerus fracture classification and defined

greater tuberosity fracture “parts” using

the same criteria as for other fracture
“parts.”*! He recommended nonoperative
management for isolated greater tuberosity
fractures with less than 1-cm displacement.
And more recent cutoffs for nonoperative
treatment include 5 mm in the general

population and 3 mm for athletes.?*

Only 4 studies presented outcomes data on
nonoperative treatment of greater
tuberosity fractures.”?*” Two studies
assessed nonoperative treatment for
displacement less than 5 mm, both with
successful outcomes.”?*" Platzer et al
showed good or excellent results in 97% of
135 shoulders after 4 years.” The authors
did, however, show slightly worse results
with superior displacement from 3-5 mm
and recommended surgery for overhead
athletes in this group. Rath et al described
a successful 3-phase rehabilitation protocol
of sling immobilization for 3 weeks,
pendulum exercises for 3 weeks, and active
exercises thereafter. At an average of 31
months, their patient satisfaction scores
improved from 4.2 of 10 to 9.5, although
the authors cautioned that the average
duration of pain and decreased motion

was 8 months.?” Conservative treatment
was far less successful in the 2 studies of
displacement greater than 5 mm.'>** Keene
et al reported unsatisfactory results in all

4 patients with over 1.5 cm of displacement.'®
In a separate study from their prior analysis
of nondisplaced fractures, Platzer et al
evaluated displaced fractures and showed
inferior function and patient satisfaction
with nonoperative treatment versus
surgery.”® These latter 2 studies contribute
to the overall lower patient satisfaction rate
in the nonoperative group.

Only 2 arthroscopic studies and no open
studies looked at surgery for fractures with
less than 5 mm of displacement. When
treated nonoperatively, less than 1% of
these minimally displaced fractures eventually
require surgery. By contrast, fractures with
over 5 mm of displacement are almost
always treated with surgery, and 3.7%
require reoperation. Radiographic loss of
reduction was more common in the
minimally displaced fracture group,

primarily because these fractures are
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Table 2. Comparison of Outcomes Between Nonoperative and Operative Groups

Parameter Nonoperative Operative P Value
(n =217) (n=212)
Age (years) 52.2 + 8.1 44.7 + 9.1 .12
Number with radiographic follow-up 144 172
Final radiographic follow-up (months) 46.1 +15.2 50.9+17.0 39
Loss of fracture reduction, No. (%) 70 (48.6) 9 (5.2) <.012
Heterotopic ossification, No. (%) 5 (3.5) 8 (4.7) .60
Number with clinical follow-up 217 212
Final clinical follow-up (months) 41.5+ 15.3 49.5 + 16.6 .09
Constant score 85.7+11.7 87.1+4.2 .67
University of California, Los Angeles score 30.8+4.2 31.1+£1.2 .95
Patient satisfaction (%) 46.1 + 47.1 90.4 +13.0 <.012
Stiffness (%) 0.0 5.7 .032
Superficial infections (%) 0.0 0.9 A7
Reoperations (%)° 0.0 3.8 <.012
Reoperations for stiffness (%)° 0.0 1.4 .08
Revision fixation (%)® 0.0 0.5 31

aStatistically significant.

5For nonoperative management, reoperations refers to eventual surgeries during the follow-up period.

managed without fixation. Radiographic
loss of reduction was documented in just

9 patients treated operatively, none of whom
were symptomatic enough to require a
second surgery.® Reoperations were most
commonly performed for stiffness. Bhatia
et al reported the highest reoperation rate
(3 of 21, 14.3%), but these authors were
reporting on more complex, comminuted
fractures of the greater tuberosity. Less than
1% of operative cases developed a superficial
infection or required revision ORIE Just
under 2% of cases suffered postoperative
nerve palsies, only 2 of which were
permanent.®® Overall, surgery for displaced
greater tuberosity fractures is highly
successful, with very low complication rates
and high patient satisfaction.

Surgery was divided into 2 groups for data
analysis: arthroscopic and nonarthroscopic.
The latter group consisted of open
procedures—all done through a deltoid-
splitting approach—and percutaneous
approaches. Both papers describing

a percutaneous approach used screw

226 and Yin et al commented on

9

fixation,

2 open patients treated with screws.”

All other open and arthroscopic studies
described suture fixation, half with suture
anchors and half with transosseous tunnels.
Interestingly, no studies reported on
clinical outcomes of fragment excision.
There were no statistically significant
differences in rates of reoperation, stiffness,

infection, or neurologic injury between

arthroscopic and nonarthroscopic methods.

Anterior shoulder instability has been
associated with greater tuberosity fractures.
Loss of dynamic muscle stabilization from
the rotator cuff is amplified by tuberosity
fracture displacement, because anterior
shoulder instability was significantly more
common in fractures with greater than 5
mm of displacement (44.3% vs 14.5%). In
turn, glenonhumeral instability was more
common in patients treated with surgery,
specifically open surgery, because displaced
fractures may not be as easily accessed with
arthroscopic techniques. No studies
documented concomitant labral repair or
capsular plication techniques.

Limitations of this systematic review
were related to the studies analyzed. All

studies, with the exception of 1, consisted
of Level IV evidence. The average
MCMS was 41.8 + 8.6. Any MCMS

score below 54 is considered “poor” level
methodology, but this scoring system

is designed for randomized controlled
trials,* of which there were none in this
study. Physical exam parameters, such

as range of motion, were underreported.
In addition, radiographic parameters

were not consistently described but

rather determined by authors’ subjective
interpretations of malunion, nonunion,
and loss of reduction. Publication and
performance bias are inevitable in such
studies. Performance bias is a factor in any
systematic review with multiple surgeons
and a wide variation in surgical technique.

CONCLUSION

In sum, minimally displaced greater
tuberosity fractures (< 5 mm) may be
successfully treated without surgery; less
than 1% ultimately require surgery.
Nonoperative management was initially
associated with low patient satisfaction, but
this was because early studies had treated
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Table 3. Comparison of Outcomes Between Fracture Displacement Less Than or Greater Than 5 mm

Parameter

P Value

Age (years) 509+7.4 50.9 + 10.0 > .99
Number with radiographic follow-up 150 146
Final radiographic follow-up (months) 42.4 + 11.8 53.1+ 16.8 .07
Loss of fracture reduction, No. (%) 64 (42.7) 15 (10.3) <.01°
Heterotopic ossification, No. (%) 0(0.0) 11 (7.5) <.01°
Number with clinical follow-up 242 167
Final clinical follow-up (months) 37.9+9.3 54.2 + 14.6 <.01°
Constant score 86.6 +7.7 84.5+ 8.9 .55
University of California, Los Angeles score 31.5+1.0 29.6 +3.4 .68
Patient satisfaction (%) N/A< 87.4 £ 30.1 N/AC
Stiffness (%) 1.9 5.5 14
Superficial infections (%) 0.0 0.6 .24
Reoperations (%)? 0.9 3.7 17
Reoperations for stiffness (%) 0.9 1.2 .82
Revision fixation (%)¢ 0.0 0.6 .24

Displacement.
bStatistically significant.

There were insufficient data reporting patient satisfaction in the minimally displaced group (x <5 mm).
dFor nonoperative management, reoperations refers to eventual surgeries during the follow-up period.

Table 4. Comparison of Outcomes Between Open/Percutaneous and Arthroscopic Fixation

Parameter Arthroscopic
(n =56)
Age (years) 44.1 = 8.8 46.4 = 10.7 77
Number with clinical follow-up 156 56
Final clinical follow-up (months) 57.4+12.2 27.4 + 185 <.012
Patient satisfaction (%) 91.0 £ 14.7 87.8+7.4 .49
Stiffness 5.8 5.4 91
Superficial infections (%) 0.6 0.0 .57
Nerve injury (%) 1.9 1.8 .96
Reoperations (%) 3.8 3.6 .92
Reoperations for stiffness (%) 0.6 3.6 .11
Revision fixation (%) 0.6 0.0 .57

aStatistically significant.

Note: There were insufficient radiographic data in the arthroscopic group for comparison with the open-fixation group.

References and financial disclosures
are available online at
www.rush.edu/orthopedicsjournal.

displaced fractures conservatively.* Fractures ~ under 6% followed by heterotopic
with greater than 5 mm of displacement ossification, transient neurapraxias, and
respond well to surgical fixation with suture  infection. There are no discernible
anchors or transosseous tunnels. Stiffness is  differences in outcome between open

the most common complication, with just and arthroscopic techniques.
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While it seems intuitive that simulators will play substantial roles in

enabling the successful development of technical skills, how well simulator skills

can be applied in the operating room remains undetermined.
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INTRODUCTION

The 2013 changes to postgraduate

year 1 (PGY-1) orthopedic surgery
resident curriculum, authorized by the
Accreditation Council for Graduate
Medical Education (ACGME), the
American Board of Orthopaedic Surgery
(ABOS), and Residency Review
Committee (RRC) for Orthopaedic
Surgery,! mandated that residents
participate in surgical skills training
programs to develop and improve surgical
skills. Surgical simulators are one method
of enabling residents to develop surgical
skills. The goal of simulator training is to
enable the trainee to develop a surgical
motor skillset that will promote the

delivery of safe, effective, and efficient

patient care. While it seems intuitive that
simulators will play substantial roles in
enabling the successful development of
technical skills, how well simulator skills
can be applied in the operating room
remains undetermined. In particular,
there is a dearth of literature describing
the available simulation training models
for upper extremity procedures, let alone
their potential benefit and/or clinical
translatability.* For simulation of
arthroscopy techniques of the knee,”!
shoulder,”!?} and hip,** multiple studies are
available, though their long-term clinical

translatability remains under debate.”%"

Carpal tunnel release (CTR) and the use
of Kirschner wires (K-wires) for fracture
fixation are among the most common
procedures utilized by orthopedic surgeons.
In fact, CTR is 1 of only 15 categories of
procedures for which the ACGME requires
residents to perform a minimum number
of cases. Simulation training for CTR is
increasingly becoming a key component of
orthopedic resident surgical training and is
postulated to improve surgical performance
and enhance patient safety. Specific to
K-wire use, fluoroscopy is often used to
guide pin placement; however, increased
radiation exposure due to an excessive

number of images can place patients and

ROBERT W. WYSOCKI, MD / BRETT LEVINE, MD, MS

staff at risk.?* The impact of simulation
training on performing CTR or on placing
accurate K-wires with improved (ie, reduced)

fluoroscopy use is unknown.

The purposes of this study were to
determine the effect of simulation training
on (1) performance of mini-open CTR
surgery and (2) fluoroscopy use needed for
accurate percutaneous K-wire placement.
The authors hypothesized that trainees
undergoing simulator training would
perform better in all aspects of both the
CTR task and the K-wire task compared to
trainees without simulation training.

METHODS

A randomized controlled trial of medical
students and junior orthopedic surgery
residents was conducted. We excluded
participants for having previous experience
witnessing or participating in CTR surgery.
All participants received an introduction
lecture followed by demonstration of

2 surgical skills: (1) demonstration of the
Sawbones, Inc., Hand and Wrist for Carpal
Tunnel Training (Vashon, Washington)
and (2) demonstration of fluoroscopic-
aided percutaneous K-wire placement

into the distal radius of a Sawbones, Inc.,

Encased Wrist (Vashon, Washington).
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Table 1. Procedures and Skills Assessed in Simulation Training

Procedures Skills Assessed

CTR

Completeness of ligament release
Deviation from ideal incision location
Damage to surrounding structures

Time needed to complete the task

Percutaneous K-wire placement

Number of fluoroscopy shots
Safety with fluoroscopy
Time needed to complete the task

Accuracy

We then randomized participants to
receive either a fixed protocol of simulation
training on the simulation models, or no
training. On the day of training (Day 1),
we evaluated each participant on his/her
performance of (1) performing a CTR on
the model (Figure 1) and (2) placement of
a percutaneous, bicortical K-wire into the
distal radius of the model, perpendicular to
the shaft of the radius (Figure 2).

All participants performed the same task
1 week later (Day 8). Table 1 records the
variables analyzed. Descriptive analysis
consisted of frequencies and percentages
for discrete data and means and standard
deviations for continuous data. Statistical
analyses with t tests and ANOVA were
performed for analysis, with P < .05
denoting statistical significance.

RESULTS

Ten trainees (4 junior residents, 6 senior
students) were randomized into 2 groups:
training (T) or no training (NT), with

2 residents and 3 students per group.
There were no significant differences in
demographics (age, gender, dominant
hand) between groups (P > .05 in

all cases).

Carpal Tunnel Release

In the T group, 60% of participants
performed a complete ligament release on
Day 1 compared to 100% on Day 8. In the
NT group, 60% of participants performed

a complete ligament release on both Day 1

and Day 8. There were no statistical
differences between the 2 groups on Day 1
or Day 8 in accuracy of incision or time to
task completion. In the T group, there
were no statistical improvements when
comparing performance on Day 1 to that
on Day 8. In the NT group, there was a
significant improvement in task time

(Day 1, 195 + 43 vs Day 8, 129 + 8 seconds,

P =.012). As a whole, residents performed
significantly better than students in task
completion time on Day 8 (P = .007);
otherwise there were no differences
between resident and student performance.
There were no cases of damage to
surrounding structures in either group at

either time point.

K-Wire Fixation

There were no significant differences
between the groups in the number of
fluoroscopy shots used on either day

(P >.05). Participants in the NT group
captured their own hand in their
fluoroscopic images (Day 1, 60%; Day 8,
60%) more often than those in the T group
(Day 1, 0%; Day 8, 20%). All participants
in the T group used both anteroposterior
(AP) and lateral views on Day 1 and Day 8,
compared to 0% (Day 1) and 50% (Day 8)
of participants in the NT group. Three
(60%) participants NT group placed their
pin “outside” the bone compared to 1
(20%) participant in the T group; no

participants in either group were “outside”

Figure 1. Sawbones, Inc., Hand and Wrist for Carpal Tunnel Training. A, Contents of carpal
tunnel with transverse carpal ligament removed. B, Ligament in place. C, Skin in place. D, Ideal
landmarks and incision. E, Deviated incision. F, Comparison of ideal and nonideal incisions for

simulated carpal tunnel release (CTR).
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Figure 2. Sawbones, Inc., Encased Wrist Used for K-Wire Placement Simulation. A, Anteroposterior
(AP) view of K-wire placement under fluoro. B, Lateral view under fluoro. C-D, AP and lateral
views of K-wire placement into distal radius. E, K-wire fixation through the Sawbones model. F,
Skin removed to demonstrate location of pin placement in the sagittal plane. G, Close-up view of

K-wire placement in the sagittal plane.

the bone on Day 8, demonstrating sagittal
plane accuracy. There were no significant
differences in pin deviation from the axis
of the radius between the groups (coronal
plane accuracy, P > .05). There were no
significant differences in task completion
time between the groups on either day

(P >.05).
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DISCUSSION

The principal findings of this study
demonstrate that (1) the use of a carpal
tunnel release simulation model improves
performance in some, but not all, aspects of
CTR surgery, (2) participants with more

experience perform better than those with

less experience, and (3) participants
undergoing simulation training
demonstrated safer fluoroscopy practice
patterns than those without training: the
NT group captured their own hand in the

images more often than the T group.

Of all of these findings, perhaps most
translatable is the impact of simulation
training on safer fluoroscopic practice
patterns. Use of fluoroscopy is not
without risks, and multiple authors

noted substantial exposure to both the
staff as well as the patient during cases
that involve fluoroscopy.?# In fact, a
2014 study by Vosbikian et al*® noted
increased exposure to the surgeon’s hands
using a mini C-arm when compared to

a large C-arm. In our study, during the
introductory lecture that both groups
received, participants were instructed on
appropriate use of fluoroscopy, including
instructions on how to keep their hands
out of the targeted field. However, despite
this 1-time instruction to all participants,
participants undergoing simulation
training demonstrated safer fluoroscopy
practice patterns than those without
training. Specifically, the no-training
group captured their own hand in the
images (Day 1, 60%; Day 8, 60%) more
often than those in the T group (Day 1,
0%; Day 8, 20%). At the least, therefore,
our study suggests that simulation training
may allow for safer practice patterns with
respect to fluoroscopy use, regardless of the

experience level of the trainee.

Regarding trauma-focused simulation
studies, several institutions have recently
analyzed a variety of simulation models.*#
Yehyawi and colleagues® recently
compared the performance of junior

and senior residents on a tibial plafond
fracture model composed of radio-opaque
polyurethane foam encased in a skin/soft-
tissue cover, utilizing a motion capture
system to analyze hand movements.

The authors found that despite comparable
numbers of discrete hand motion

events (540 actions for senior residents,
511 actions for junior residents), senior
residents had a cumulative hand motion
distance of 79 m, compared to 390 m for
junior residents. They concluded that




senior residents were more precise with
their motions than junior residents. These
conclusions are similar to those of the
present study, in that residents performed
better than students on the CTR portion of
the study.

Pederson and colleagues* conducted

a 2014 study comparing performance
between untrained novices and orthopedic
surgeons on a virtual hip fracture
simulation model. The participants were
asked to perform 3 internal fixation
techniques. Similar to our study and the
study conducted by Yehyawi, the authors
found that the experienced surgeons
(average score: 73% of maximum)
performed better than the novices (average
score: 30% of maximum) and were thus
able to set a “pass/fail” standard at 58%.
With this standard in place, none of the
novices passed the standard, while 9 of

10 experienced surgeons passed. The
authors concluded that their simulation
model could be used to discriminate

between novice and experienced surgeons.

A recent study on cast-application
simulation found a difference between
some, but not all, participants on the basis
of their level of training. Specifically,
Moktar and colleagues® recently compared
the performance of participants with a
variety of experience levels, including
orthopedic fellows (including 1 orthopedic
technology), residents, and medical
students, on their abilities to place a
short-arm plaster cast on a synthetic
forearm model. While the participants
placed the cast, the researchers videotaped
their performance. After anonymizing

the videos, a panel of 9 experts viewed
and graded each participant, using

2 checklists created by the authors
[Objective Structured Assessment of
Technical Skill (OSATS) and Modified
Global Rating Scale (MGRS)]. The
authors were able to identify a significant
difference in performance when they
compared the orthopedic fellow group to
the medical student group but were unable
to differentiate the orthopedic residents
from either the medical students or the
orthopedic fellows. They concluded that,

while their model provided high inter-
and intraobserver reliability, more work
is needed (and likely a study with a larger
sample size) to demonstrate construct

validity of this particular simulator model.

Overall, the production and analysis of
orthopedic simulation training models

is growing in popularity. Despite the
incredible amount of innovation and
technologic advances demonstrated in
these and other models, one of the more
pressing challenges is determining how
effective these models are. To be effective,
simulation models must be reliable, valid,
and maintain a level of fidelity that is
appropriate for the testing analyzed.
High-fidelity simulator models truly mimic
the actual operative experience, while low-
fidelity simulators, such as our carpal tunnel
model or the described cast-application
model, reproduce only certain aspects of
the surgical technique. The level of fidelity
certainly plays a large role in the clinical
translatability of the model. Most often,
low-fidelity simulators are less complex and
more economically feasible to maintain
than high-fidelity simulators. On the other
hand, high-fidelity simulators, including
those that provide haptic feedback (such
as a vibrational response following an
incorrect motion), may make the training
on the model more helpful for translating
the specific skill set to the actual clinic
and/or operating room. In other fields,
including anesthesia and general surgery,

a variety of low- and high-fidelity models
have demonstrated that each kind is
applicable and effective, depending on the

specific clinical scenario.

It is important to consider all of these
factors when determining how effective

a simulator model is with respect to
training participants to perform in the “real
world.” The simulation models described

in the present study are both relatively
inexpensive and reproducible. Thus we
hope that these pilot studies establish a
framework with which we can develop
additional studies (with larger sample sizes)
to truly establish construct validity, inter-
and intraobserver reliability, and ultimately,
translatability to the operating room.

Limitations

This study has several limitations,
including the small sample size and
short-term follow-up. Given the time
constraints of trainees and expense of
simulation equipment, we had limited
resources, and thus it may be difficult

to extrapolate our findings to residents/
trainees in other programs. Further, the
short-term follow-up of 1 week does not
allow researchers to determine the overall
long-term effect of simulation training

on operative performance. Moreover, for

a variety of logistical factors, this study

did not allow for testing on a cadaveric
specimen or in the actual operating room,
and thus the true clinical translatability

is still undetermined. Additional funding
from a 2014 ABOS grant has enabled us to
further our research efforts, and we intend
to obtain additional long-term follow-up
(6 months, 1 year, 2 years) on the current
study cohort, increase our sample size, and
assess all trainees on fresh-frozen cadaveric
models. Finally, similar to the majority

of simulation-based studies, this study is
limited by a lack of published, validated
outcomes assessments with regard to CTR
performance and percutaneous K-wire
placement performance on simulation models.

CONCLUSIONS

Opverall, simulation training resulted in

an overall improvement in K-wire
accuracy immediately, but not at 1 week
following training, and, further, improved
performance in some, but not all, aspects
of CTR surgery. Importantly, participants
undergoing simulation training
demonstrated safer fluoroscopy practice
patterns. Certainly simulation training has
the potential to enable residents to develop
skills in a safe environment; however, more
research with more participants over a

longer period of time is necessary. O
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The much higher rate of complications with longer fusion constructs,

especially among the elderly, makes it important to identify the cause of hypolordosis.

Correcting Sagittal Imbalance
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INTRODUCTION

Scoliosis is diagnosed in adult patients
when it occurs or becomes relevant after
skeletal maturity with a Cobb angle of
more than 10° in the coronal plain.! The
prevalence of adult scoliosis ranges widely
from 8.3% to 68% of population,*’ with a
higher prevalence occurring among older

patients. Scoliosis may have been present

since childhood or adolescence and may
become progressive and/or symptomatic in
adult life, secondary to onset of idiopathic

i' " E_‘ :

idiopathic curve. Scoliosis may also appear Figure 1. Radiographic comparison of A, adult idiopathic scoliosis (IS) and B, adult degenerative

de novo in adult life. This latter type is scoliosis (DS). In IS, the lumbar curve and compensatory thoracic curve are similar sizes. However,
in DS, patients generally present with a lumbar curve without a fixed structural secondary curve.
Instead, a compensatory lumbar curve is observed in the lower lumbar spine. Additionally, in IS,

with IS usually have a major curve as a rotatory deformity can be observed in the entire lumbar spine (limited to apex of the curve in

well as a significant compensatory curve DS). A lateral subluxation can also be observed in DS spines.
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termed degenerative scoliosis (DS). Adults



leads to anasymmetric loading of the
spinal segment, which in turn leads to an
asymmetric deformity. A positive feedback
cycle is thus created, with the deformity
again triggering further asymmetric
degeneration and inducing more

asymmetric loading.>*

While the main symptom of IS is deformity,
the symptoms of DS are diverse.> The
deformity of DS is compounded by
degenerative changes in the vertebral body
and discs, which frequently results in the
development of spinal stenosis with lower
back pain symptoms related to the facet
joints and disks as well as lower extremity
pain consistent with radiculopathy and/or
neurogenic claudication.

A fractional lumbosacral curve, defined

as a curvature in the remaining segments
between the distal aspect of the
thoracolumbar or lumbar curve and the
sacrum (usually L3 or L4 to the sacrum),

is also typically found in DS. Early studies
conducted in painful adult scoliosis patients
found fractional curve levels were most
responsible for pain and disability in these
patients.® This is often due to radiculopathy
secondary to nerve root compression on the

concavity of the fractional curve.

Additionally, DS is more often accompanied
by sagittal and coronal imbalance than IS.
These patients typically have lessening of
their lumbar lordosis (LL) as well as some
degree of compensatory pelvic retroversion.”
Full-length spine films in this setting can

often show a positive sagittal imbalance.

Ongoing debate regarding the optimal
way to address this deformity continues.®’
If nonoperative treatment fails to
effectively manage a patient’s symptoms,
surgery is an option. In addition to
decompression of the symptomatic

levels, an instrumented posterior spinal
fusion is often performed. This can be

(1) a short fusion that addresses only the
symptomatic levels and ignores the global
scoliotic deformity, (2) a regional fusion
that includes the major DS curve, or (3) a
global fusion (ie, upper instrumented level
of T4). Regardless of surgical approach, the
goal should be to achieve a postoperative

LL within 10° of the pelvic incidence (PI),

Figure 2. Spinopelvic angles measured in

this study. Pelvic incidence (P1) is the angle
between the line perpendicular to the
midpoint of the superior sacral endplate and
a line through the midpoint of the superior
sacral endplate to the center of the femoral
heads. Sacral slope (SS) is the angle between
a horizontal reference line (HRL) and the line
through the superior sacral endplate. Pelvic tilt
(PT) is the angle between a vertical reference
line (VRL) and the line through the midpoint
of the superior sacral endplate to the center
of the femoral heads.

because this has been shown to correspond

to better quality of life.'°

An important distinction to make is
whether or not the etiology of the loss

of LL and positive sagittal imbalance
often seen on preoperative radiographs

is truly structural or whether it is more
positional, given that spinal stenosis often
accompanies DS. This directly affects the
decision about whether or not the entire
curve needs to be addressed or if a lesser
fusion of only the symptomatic levels can
be performed with satisfactory result.

Our hypothesis is that the loss of LL often
associated with DS is largely due to postural
factors and is not structural. By analyzing
the pre- and postoperative spinopelvic
radiographs of patients who underwent
decompression and local fusion of their
symptomatic lumbosacral fractional curve
only, we hoped to observe an appropriate
magnitude of correction in the sagittal plane
(PI-LL mismatch = 10°) without the addition

of longer fusions or osteotomy procedures.

METHODS

We retrospectively reviewed the records of
consecutive patients from a single

orthopedic surgeon at one quaternary
referral medical center. After obtaining
institutional review board (IRB) approval,
we collected clinical and radiographic data
on 114 patients treated between February
2006 and September 2014. We included
patients if we observed hypolordosis
(positive sagittal imbalance) on their
preoperative radiographs and if they had
undergone a decompression and local
fusion of only their symptomatic levels in
the setting of DS. Local fusion was defined
as arthrodesis of the symptomatic levels,
limited to the fractional curve. Patients
were excluded if they had a previous fusion
or osteotomy procedure. Of the 114 patients
originally identified, 68 were found to fulfill
the preceding criteria. Radiographs included
pre- and postoperative full-length scoliosis
and lumbar spine X-rays. We analyzed
preoperative and postoperative anteroposterior
(AP) and lateral standing radiographs for
the following parameters (Figure 2):

Lumbar lordosis (LL): the angle formed
between the superior endplate of L1 to
the superior endplate of S1

Pelvic incidence (PI): the angle between
the line perpendicular to the midpoint
of the superior sacral endplate and the
line through the midpoint of the superior
sacral endplate to the center of the
femoral heads

Sacral slope (SS): the angle between a
horizontal reference line (HRL) and the
line through the superior sacral endplate

Pelvic tilt (PT): the angle between a
vertical reference line (VRL) and the
line through the midpoint of the superior
sacral endplate to the center of the
femoral heads

Three independent researchers made these
measurements and calculated statistical
averages and standard deviations for each.
Interrater reliability measurements were
assessed by Kappa coefficient testing.

The results of the calculations are shown
in Table 1.

RESULTS

Over a 103-month period, we collected
clinical and radiographic data from

68 consecutive patients that were captured
within our criteria (Table 2). There were
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Table 1. Measured Radiographic Parameters Showing Degrees of Angulation Between the Upper

and Lower Vertebrae of the Curve

Parameter

Pelvic incidence
Preoperative
Postoperative

Sacral slope
Preoperative
Postoperative

Pelvic tilt
Preoperative
Postoperative

Lumbar lordosis
Preoperative
Immediately postoperative

Cohort, n = 69 (Degrees [range])

53.0 + 13.0 (25.3-81)
54.8 + 11.3 (30.4-83.2)

28.2 + 10.8 (5.6-60.4)
26.9 + 10.0 (3.7-57.2)

23.9+9.5(2.2-45.7)
27.0 £ 9.5 (10.2-46.6)

32.6 + 14.5 (2.4-60.0)
43.6 + 11.6 (14.0-67.9)

Table 2. Demographics for the Final Cohort of Included Patients

Parameter Cohort (n = 69)

Age,y

Gender
Male, No. (%)
Female, No. (%)

Follow-up (months)

Prior decompression, No. (%)

68.1 £ 8.3

24 (35)
45 (65)

21.7 £ 19.1
12 (17)

24 males and 45 females with an average
age of 68.1 years (range, 42-86). The
average follow-up was 21.7 months (range,
1-86). All patients underwent conservative
therapies of physical therapy, orthosis, and/
or anti-inflammatory or pain medication
prior to deciding upon surgical intervention.
A previous decompression of the lumbar
spine had been performed in 12 patients.

Of the 69 patients, concomitant
laminectomy and foraminotomy were
performed in 64 and 63, respectively. The
fusion was most commonly performed from
L4 to S1 (2 segments) and secondly, L3-S1
(3 segments).

The average PI angles found pre- and
postoperatively were 53° and 54°,
respectively. Preoperative LL had a mean
Cobb angle of 32.6° (range, 2.4°-60°).
Initial postoperative radiographs (average
2.5 weeks) revealed that the LL was

corrected to a mean Cobb angle of 43.6°
(range, 14°-67.9°). These results are
summarized in Figure 3. There were no

intraoperative complications.

Seven patients required revision procedures
at an average of 17.6 months (range, 2.2-
34.3) from the index procedure. Three
patients experienced recurrent stenosis

at their fused levels, requiring revision
decompression. Two patients underwent a
revision laminectomy and foraminotomy
at the proximal segment due to radicular
symptoms secondary to degenerative

disc disease and proximal junctional
kyphosis. One patient, who originally
underwent a L4-S1 laminectomy and
instrumented fusion, suffered a herniated
nucleus pulposus at L3-L4 requiring

a microdiscectomy and laminectomy

with extension of the fusion 1 level
cephalad. One patient also had prominent

instrumentation that required removal.

DISCUSSION

DS is a common cause of adult spinal
deformity that represents a complex
3-dimensional deformity, affecting the
coronal, sagittal, and axial planes.*!!
Spinal stenosis with symptoms of
neurogenic claudication is frequently
observed with DS. Radicular symptoms
often arise from compression of the nerve
roots within the foramen and typically
occur on the concave side of the fractional
curve caudal to the main DS curve. It is
our experience that the majority of these
radicular symptoms often arise from the
L5 and/or S1 nerve root, which we found
in 54 of our 68 patients.

Previous studies have demonstrated a
relationship between curve concavity

and the side and pattern of radiculopathy.
Simmons and colleagues'? showed that
patients with scoliosis and radiculopathy
had symptoms originating from lumbar
curve concavities: L5 and S1 radiculopathy
originating in 7 of 9 cases from the side of
the concavity of the lumbosacral fractional
curve. In a more recent study, Liu et al used
selective nerve-root injections to identify
symptomatic radiculopathy in adults with
DS. The authors found L3 and/or L4 nerve
root compression at the lumbar structural
curve concavity in 15 of 20 cases and L5
and/or S1 nerve compression on the side of
the lumbosacral fractional curve concavity
in 12 of 16 cases.

For fear of inadequacy of decompression
alone for foraminal stenosis, we performed
instrumented fusions in our patients.
Compression of nerve roots within

their foramen in lumbosacral fractional
curve concavities often occurs in both
anterior-posterior and cranial-caudal
directions, the latter often referred to as
pedicular kinking. While anterior-posterior
compression can be effectively reduced
with good surgical technique during a
decompression-only procedure, it is much
more difficult to address cranial-caudal
compression without transpedicular
instrumentation.” Pedicular kinking
occurs when advanced disc degeneration
results in settling of the vertebral bodies.
As the upper vertebral body descends
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during weight bearing, its pedicle may

kink the exiting nerve root to a significant
degree. In addition to providing immediate
stability, transpedicular instrumentation
facilitates reduction in pedicular kinking
and indirect decompression of the foramen
after segmental pedicular distraction. In a
cadaveric study, Inufusa and colleagues'*
were able to increase the foraminal
dimensions by 22.6% at L4-5 and by 39.6%

at L5-S1 with only 6 mm of rod distraction.

A consideration in treating adult DS
patients is how long a fusion to perform.
Patients with a symptomatic DS often
have a loss of LL as seen on preoperative
radiographs. An important distinction

is whether this hypolordosis is truly
structural, and therefore requires complex
surgical correction such as regional/global
fusions or osteotomies, or whether it is
more positional in nature. This distinction
directly affects whether or not the entire
curve needs to be addressed with longer
regional/global fusions or if a lesser local
fusion can be performed. The much higher
rate of complications with longer fusion

91516 egpecially among the

constructs,
elderly, makes it important to identify the

cause of hyperlordosis.

Because of the previous experience of

the senior author, we hypothesized that

the hypolordosis seen on preoperative
radiographs was due largely to positional
factors. Given that these patients often
have associated spinal stenosis and poor
standing tolerance due to symptoms of
neurogenic claudication, it is not likely
that this sagittal deformity is rigid and
structural. We therefore elected to perform
decompression and local fusion of only the
symptomatic levels and ignore most of the
deformity of the main DS curve cephalad.
We based this decision on the idea that,

if the hypolordosis seen preoperatively

was only positional, including correction
when prone on the operating room table,
it would likely correct once the patient was

no longer standing.

Many surgeons, particularly with recent
awareness of the importance of sagittal
alignment on postoperative quality of life,!°
consider hypolordosis in this subset of DS
patients an indication for longer regional/
global fusion constructs or osteotomies as
ways to decrease the PI-LL mismatch.
While these are powerful methods, we
wanted to investigate, with this study, if the
same goal of achieving a PI-LL mismatch
less than 10° could be achieved with lesser
surgery. Radiographically, successful correction
of sagittal imbalance can be calculated on
the basis of PL.1"181920 Specifically, Berjano

Lumbar Lordosis (°)
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Figure 3. Mean Cobb Angle: Preoperative and Immediately Postoperative.

and colleagues”!” showed that correcting
LL to within 10° of the PI is effective to
produce proper alignment, thereby
improving the clinical sequelae produced
from the sagittal imbalance of adult DS.
Similarly, Schwab et al*! developed an
equation, LL = PI + 9°, to predict the ideal
LL for good clinical outcome.

Pelvic incidence has been found to be

an important constant morphometric
parameter that may dictate the amount of
LL needed to achieve a globally aligned
spine. It is independent of age, once
growth is completed; pelvic position; and
negligible SI joint mobility.”? As expected,
there was no difference in PI following
the local lumbar fusion performed in our
study. The average PI found pre- and
postoperatively after decompression and
local fusion was 53° and 54°, respectively.

As described above, the LL of our patient
cohort presented with a mean Cobb angle
of 32.6° (range, 2.4-60). This is in line
with the expected degenerative collapse
and decompensation of lumbar segments

described in previous studies.”?

Our study revealed that we were, in fact,
able to achieve a satisfactory reduction of
the PI-LL mismatch after decompression
and local fusion of a symptomatic DS
without the need for a longer fusion or
even osteotomies (Figure 4). Our results
indicate that it is possible to achieve
adequate correction of sagittal balance with
a shorter, local fusion procedure without
the need for regional/global fusions or even
osteotomies. These results lend themselves
to the ideas that the hypolordosis often
observed preoperatively is not structural,
that it is perhaps more positional in
nature, and that the PI-LL mismatch can
be reduced to near target levels without
longer, more complex procedures.

Multiple studies have investigated the idea
that postoperative lumbar hypolordosis
may not always be structural and how LL
can change, depending on position. Pain-
related voluntary or involuntary muscle
contraction has been shown to lead to a
reduction in LL in the upright position.?*
During surgery, this effect is mitigated
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Figure 4. This 69-year-old female had progressive neurogenic claudication and back pain. A, Anteroposterior (AP) and B, lateral radiographic findings
show a degenerative lumbar scoliosis. PI-LL mismatch preoperatively at 19°. L3 to S1 decompression and posterior spinal fusion of her lumbar curve with
instrumentation reduced her PI-LL mismatch to 9°. Postoperative radiographs show resulting C, fractional curve and D, lumbar lordosis.

secondary to the muscle relaxation

effect of general anesthesia as well as
intraoperative muscle dissection. Harimaya
and colleagues® examined patients who
presented with lumbar hypolordosis

and concluded that those patients with
preoperative hypolordosis, when positioned
prone during reconstructive surgery, had

a significantly increased LL compared to
their preoperative standing radiographs.
Additionally, Peterson et al*® found that
positioning a patient prone on a Jackson
table increased segmental lordosis at L5-S1
by 22% and preserved total and segmental
standing lordosis at all other levels.

We should note that, in our study,

we found no difference between the
preoperative and postoperative SS

(28.2° vs 26.9°, respectively) or PT

(23.9° vs 26.9°, respectively). A similar
finding was observed in short fusions
performed on patients with degenerative
spondylolisthesis by Kim and colleagues.?’
They achieved significant improvement in
the LL without significant changes in the
SS or PT. Baghdadi et al” studied a similar
DS patient population that had undergone
posterior instrumented spinal fusion. They
also found no significant changes in PT

or SS with adequate correction of LL.
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This may be partly due to the difficulty in
changing pelvic parameters without fusing

across the sacroiliac (SI) joint.

Limitations of this study include the
relatively small numbers of patients and
the short duration of follow-up. We also
did not record any subjective or objective
clinical outcomes for many of these
patients, including pain, symptom relief,

or range of motion. Although significant
improvements in radiographic measures
were observed, we cannot directly correlate
these findings with subjective or objective
clinical outcomes. Additionally, our study
focused on a very specific patient cohort,
those with DS who underwent local
fusions of their symptomatic levels only.
Presumably there were many other patients
who underwent regional or global fusions
because their deformities were more severe.
Our study’s findings cannot be more broadly
applied to all adult deformity patients.

CONCLUSION

The operative management of DS remains
challenging and is characterized by a
variety of approaches. We were able to
correct LL to within 10° of the PI in

this cohort of symptomatic DS patients

with decompression and local/short
instrumented fusion of their symptomatic
levels only, without the intraoperative
and postoperative complications often
seen with long instrumented fusions

and osteotomy procedures. Importantly,
we recommend this technique only for
moderate scoliosis curves with mild
subluxation of the apical vertebra.® Longer
fusions (regional or global) for curve and
sagittal balance correction are generally
indicated in the setting of more severe
curves or in the presence of progressive
collapse without a single level identified

as a pain source. O
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...while the literature on pigmented villonodular synovitis of the hip

may still be limited, this review provides insight into expected outcomes.
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INTRODUCTION
Pigmented villonodular synovitis (PVNS)

is a rare monoarticular disorder that affects
the joints, bursa, or tendon sheaths of 1.8
patients per 1 000 000."? It is defined by the
exuberant proliferation of synovial villi and
nodules. Although its etiology is unknown,
it behaves much like a neoplastic process
with occasional chromosomal abnormalities,
local tissue invasion, and the potential for
malignant transformation.>* Radiographs
may show cystic erosions or joint-space
narrowing, while magnetic resonance imaging
(MRI) reveals characteristic low signal
intensity on both T1- and T2-weighted
sequences due to high hemosiderin content.
Biopsy remains the gold standard for
diagnosis and demonstrates hemosiderin-
laden macrophages, vascularized villi,
mononuclear cell infiltration, and sporadic
mitotic figures.” Diffuse PVNS appears as a
thickened synovium with matted villi and
synovial folds, while localized PVNS

Figure 1. A, Arthroscopic image of a yellowish-red mass with frond-like projections consistent
with hip PVNS in a 24-year-old woman with groin pain. B, A hemosiderin-laden macrophage is
identified via a CT-guided core needle biopsy.

presents as a pedunculated, firm, yellow
nodule (Figure 1).6

PVNS has a predilection for large joints,
most commonly the knee (up to 80% of
cases) followed by the hip."*” Treatment
strategies of knee PVNS have been well
studied and, as an aggregate, show no
superiority between arthroscopic and open
techniques.® The literature on hip PVNS is
less abundant and more case based, making
it difficult to reach a consensus on effective
treatment. Open synovectomy and
arthroplasty have been the mainstays of
treatment for the past 60 years, but the
advent of hip arthroscopy has introduced a
new treatment method for PVNS.'¥ As
arthroscopic management becomes more
readily available, it is therefore important to
understand the effectiveness of synovectomy
compared to arthroplasty. The purpose of
this systematic review is to describe the

treatment modalities for hip PVNS,; to
determine the relative efficacy of synovectomy
versus arthroplasty, and to compare the
revision rates between procedures.

METHOD

Search Strategy

We conducted a systematic review of the
available literature according to Preferred
Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines
using the PRISMA checklist.’® Searches
were completed in July 2014 using the
MEDLINE/PubMed databases and the
Cochrane Central Register of Clinical
Trials. We designed the keyword selection
to capture all Level I-V evidence English-
language studies that reported clinical
and/or radiographic outcomes. This was

accomplished using a keyword search of all
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Potentially relevant studies
identified and screened
N=75

Potentially relevant studies
identified and screened
N =63

Potentially relevant studies
identified and screened
N =52

Potentially relevant studies
identified and screened
N =29

Potentially relevant studies
identified and screened

N =16
v

Final studies included for
analysis
N = 21

Identification

Inclusion

Basic science, animal model,
imaging, surgical technique articles
N =12

Letters to editor, review articles
N=11

Not able to distinguish hip
pathology group
N =23

Under two years of follow-up
N=13

Studies added after bibliographic

review
N=5

Figure 2. Systematic Review Search Algorithm According to PRISMA Guidelines.

available titles and manuscript abstracts.
We reviewed abstracts from the 75 resulting
studies for exclusion criteria, which
consisted of any cadaveric, biomechanical,
histologic, and/or kinematic results as well
as a lack of any clinical and/or radiographic
data (eg, review or technique articles). We
also excluded studies that did not have at
least 2 years of clinical follow-up. We did
not immediately exclude studies that were
not dedicated to hip PVNS specifically but
rather reviewed them for outcomes data
specific to the hip PVNS subpopulation.

If we could distinguish a specific hip PVNS
population distinct from other subjects,

we included that study for review. If a
study could not be deconstructed as such
or was entirely devoted to one of our
exclusion criteria, we excluded it from

our review. This initial search strategy
yielded 16 studies.! 071128

Bibliographical review from these 16 studies
yielded several more studies that were
reviewed. To ensure that no patients were
counted twice, each study’s authors, data
collection period, and ethnic population
were reviewed and compared to those of

the other studies. If there was any overlap
in authorship, period, and place, we
included only the study with the most
relevant or comprehensive data. After
accounting for all inclusion and exclusion
criteria, a total of 21 studies with 86 patients
(86 hips) were selected for inclusion
(Figure 2).

Data Extraction

We recorded details of study design, sample
size, and patient demographics, including
age, sex, and duration of symptoms. The
presence of a diagnostic biopsy, joint-space
narrowing on radiographs, the method

of treatment, and the use of radiation
therapy were also abstracted. Some studies
described multiple treatment methods.

If those treatment methods could not

be differentiated into distinct outcomes
groups, we excluded the study for a lack

of specific clinical data. We deconstructed
those studies that had sufficient data, such
that the patients from each treatment
group were isolated.

Fewer than 5 studies either reported

physical examination findings, validated

survey scores, or radiographic results.
Therefore, the primary outcomes reported
and compared between treatment groups
were disease recurrence; clinical worsening,
defined as progressive pain or loss of
function; and revision surgery. We subdivided
patients with the latter outcome into those
who had a repeat synovectomy and those
who had an eventual arthroplasty, arthrodesis,
or revision arthroplasty. We also documented
the time to revision surgery. Each study’s
methodological quality and bias were
evaluated using the modified Coleman
methodology score (MCMS) described by
Cowan et al.?? The MCMS is a 15-item
instrument that has been used to assess
both randomized and nonrandomized patient
trials.*®*! It has a scaled potential score
ranging from O to 100, with scores from 85
to 100 being excellent; 70 through 84, good;
55 through 69, fair; and less than 55, poor.

Statistical Analysis

We reported our data as weighted means
with standard deviations. A mean was
calculated for each study reporting on a
respective data point, and each mean was
then weighed according to its study sample
size. This calculation was performed by
multiplying 1 study’s individual mean by
the number of patients enrolled in that
study and dividing the sum of these weighted
data points by the number of eligible
patients in all relevant studies. In this way,
the nonweighted means from studies with
a smaller sample size did not carry as

much weight as those from larger studies.
The 2 primary treatment groups compared
were those who received a synovectomy
alone and those who underwent arthroplasty.
The former group was also compared to
patients who underwent total hip
arthroplasty (THA) specifically (Figure 3).
Comparisons between groups were made
with student ¢ test (SPSS v.18; IBM Inc.,
Armonk, NY), and an a value of .05 was

set as statistically significant.

RESULTS

The final data set included a total of 21 studies
representing 86 subjects (Table 1). Nineteen
studies were retrospective case series (Level
IV evidence) from which the number of
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eligible hip PVNS subjects ranged from
1 to 13. The remaining 2 studies were case

reports (Level V evidence). The average
MCMS was 25.0 + 10.9.

Fifty-one patients (59.3%) were female.
The average age of all patients was 33.2

+ 12.6 years, and the average duration of
symptoms was 4.2 + 2.7 years. The right
hip was affected in 59.5% of patients in
whom laterality was documented. Sixty-
eight subjects (79.1%) had biopsy-proven
PVNS, while the presence or absence

of a biopsy was not documented for the

remaining 18 patients.

For treatment, 45 subjects (52.3%)
underwent synovectomy without
arthroplasty. Two of these patients
underwent staged radiation to augment
the synovectomy, and 1 series reported

13 cases of arthroscopic synovectomy,'
with all other synovectomies being

open. Thirty-seven patients (43.0%)
underwent arthroplasty at the time of
synovectomy, and, within that group, there

were 26 THAS, five cup arthroplasties
(interposed vitallium surface placed
without fixation after reaming the femoral
head and acetabulum for congruency),
two metal-on-metal hip resurfacings,

and one hemiarthroplasty. Of the
remaining subjects, three were managed
nonoperatively and one was treated with
a primary arthrodesis.

Comparisons between the synovectomy
and arthroplasty treatment groups may be
found in Table 2. On average, synovectomy
patients were younger than arthroplasty
patients, but this was not statistically
significant (P = .28). Only 6 studies
distinguished between local and diffuse
PVNS histology, and the diffuse type was
detected in 87.0% with insufficient data to
detect a difference between synovectomy
and arthroplasty groups. Among studies
with documented radiographic findings,
75.0% of patients had evidence of joint-
space narrowing, which was significantly

more common in the arthroplasty group

(96.7% vs 31.3%) (P = .03).

Figure 3. Anteroposterior (AP) radiograph of the pelvis in a 22-year-old male demonstrates
advanced joint-space narrowing and cortical erosions in the femoral head and acetabulum of the
left hip (A). Magnetic resonance imaging reveals characteristic synovial process with low signal
intensity in both T1- and T2-weighted sequences (B and C, respectively). This patient underwent
total hip arthroplasty (D).

The average clinical follow-up was 8.4 +
5.9 years for all subjects. A greater
percentage of synovectomy patients
suffered recurrence and worsened
symptoms, but neither trend achieved
statistical significance. The rate of eventual
THA or arthrodesis after synovectomy

was nearly identical to the rate of revision
THA in the arthroplasty group (26.2

vs 24.3) (P = .17). The time to revision
surgery, however, was significantly longer
in the arthroplasty group (P = .02). Two
additional patients in the arthroplasty
group had a repeat synovectomy alone, while
0 patients in the synovectomy group had a

repeat synovectomy without arthroplasty.

One nonoperatively managed patient
experienced progression of his symptoms
over the course of 10 years, while the other
2 subjects were stable after 2 and 4 years of
follow-up. The arthrodesis patient did not
experience a recurrence or revision operation

in the 5 years after his index procedure.

DISCUSSION

PVNS is a proliferative disorder of
synovial tissue with a high risk of
recurrence.'>’? Metastasis is extremely
rare: there has been only 1 case report

of a fatality within 42 months."? Chiari

et al suggested that PVNS recurrence is
greatest in large joints. Therefore, hip
PVNS necessitates early surgical resection
to limit articular destruction and the
potential for recurrence. The 2 primary
treatment modalities are synovectomy
alone and synovectomy with arthroplasty,
which includes THA, cup arthroplasty,
hip resurfacing, and hemiarthroplasty.

In this systematic review, we found that
about one-quarter of all patients from both
treatment groups ultimately underwent a
revision operation. Patients with a prior
synovectomy underwent revision within
an average of 6.5 years, whereas the time
to revision was significantly longer in

the arthroplasty group, nearly 12 years.
One potential explanation for this is

that it may take longer for arthroplasty
component fixation to loosen than for

an inadequately synovectomized joint to
recur. We did in fact find a higher rate
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Table 1. All Studies Included for Review

Author(s) Level of Treatment(s), n*
Evidence

Shoji et al v 2 Synovectomy (open) 27
Byrd et al’ \Y 13 Synovectomy (arthroscopic) 49
Li and Jeffery' \Y 1 Hemiarthroplasty 15
Hoberg and Amstutz' \Y 2 Hip resurfacing 15
Yoo et al™ v 8 THA 46
Park et al®® \ 1 THA 15
Chiari et al™ [\ 3 Synovectomy (open) 35
Vastel et al'® \Y 15 Synovectomy (open), 8

THA, 4

Cup arthroplasty, 3 31
Shabat et al"’ v 1 Synovectomy (open, plus adjuvant radiation) 40
Gonzalez Della Valle et al'® \Y 3 Synovectomy (open), 1

Nonoperative, 2 34
Martin et al® \Y] 4 Synovectomy (open), 1

THA, 3 30
de Visser et al' \Y, 3 Synovectomy (open), 1

Synovectomy (open, plus adjuvant radiation), 1

THA, 1 27
Aboulafia et al®® \Y Synovectomy (open) 15
Moroni et al?' \Y, Synovectomy (open) 27
Aglietti et al?? \Y 6 Synovectomy (open), 4

THA, 2 15
Danzig et al’ \Y] 5 Synovectomy (open), 1

THA, 2 Arthrodesis, 1

Nonoperative, 1 24
Docken? v 1 Synovectomy (open) 15
Scott* \Y] 1 Synovectomy (open) 15
Chung and Janes® v 2 THA, 1

Cup arthroplasty, 1 18
McMaster?® \Y, 2 Synovectomy (open) 15
Ghormley and Romness?’ \Y Cup arthroplasty 18

Abbreviations: MCMS, modified Coleman methodology score; N, number of patients per study who were eligible for this review; n, number of
patients per treatment; THA, total hip arthroplasty.

*If there is no value for n, then number of treatments = N in third column.

of recurrence in the synovectomy group,
although this difference did not achieve

statistical significance.

Open synovectomy is the most widely
described technique for addressing hip
PVNS. The precise pathophysiology of
PVNS remains largely unknown, but
most authors agree that an aggressive
debridement is required to halt its
locally invasive course. Scott described

the invasion of vascular foramina from
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synovium into bone and felt that radical
synovectomy was essential to remove the
stalks of these synovial villi.?* Furthermore,
PVNS most commonly affects younger
adults in their third through fifth decades
of life,” and many surgeons wish to avoid
prosthetic components that may loosen
over time in this age group. However,
synovectomy has been troubled by
persistently high recurrence rates, and,
without removal of the femoral head and
neck, it can be difficult to obtain adequate

exposure for a complete debridement.
Adjuvant external beam radiation has
been utilized by some authors,'”!** but
its utility is unproven, and other authors
caution against unnecessary irradiation to

reproductive organs.!?*%*

The high frequency of bony involvement,
joint destruction, and recurrence after
synovectomy has prompted many surgeons
to turn to arthroplasty. Gonzalez, Della
Valle, et al theorized that joint-space




Table 2. Comparison of Synovectomy and Arthroplasty Patients

Age (y)
Duration of symptoms (y)

Preoperative joint-space
narrowing (%)

Average follow-up (y)
Recurrence (%)
Worsening symptoms (%)

Eventual THA or revision
THA (%)<

Synovectomy Arthroplasty: P Value?
(GEXL)) ALL (n = 37)

31.0+11.3 36.7 +14.8 .28
3224 4929 .22

31.3 96.7 .03°
7.3+6.6 10.0 +5.9 .65

17.8 5.4 .30

40.5 32.4 .55

26.2 24.3 A7
6.5+3.9 11.8+4.5 .02°

Arthroplasty: P Value® TOTAL
THA only (n = 86)
(n=26)

36.4+14.1 A3 33.2+13.0
5.7+3.0 .08 42 +2.7
100 .02° 75.0
10.1 £ 5.1 71 84+59
3.8 33 12.0
26.9 .37 36.1

23.1 18 241
11.9+5.2 .08 8.6 5.3

Average time to revision (y)

2All P values reported here represent t tests used to compare either synovectomy and all arthroplasty patients or synovectomy and just total hip

arthroplasty patients.
bStatistical significance.

<Two patients in the synovectomy group underwent eventual arthrodeses (ie, not arthroplasty).

narrowing is more common in hip PVNS
because of the poor distensibility of the
hip capsule compared to that of the knee
and other joints.'® In turn, bony lesions
and arthritis present earlier in hip PVNS.1
Yoo et al showed a statistically significant
increase in Harris hip scores and a high
rate of return to athletic activity after
THA for PVNS."* However, these authors
also reported revisions for component
loosening and osteolysis in 2 of 8 patients
and periprosthetic osteolysis without
loosening in another 2 patients. Vastel

et al similarly reported aseptic loosening
of the acetabular component in half of
their patient cohort.!® No studies to date
have been able to differentiate whether
or not accelerated loosening rates in this
demographic are due to PVNS recurrence
or debris-related osteolysis.

Byrd et al recently described hip arthroscopy
in the treatment of PVNS.! In their cohort
of 13 patients, they demonstrated statistically
significant improvements in Harris hip
scores, no postoperative complications,
and only 1 revision operation (a THA at

6 years postoperatively). While there is

a prevailing perception that nodular
PVNS is more appropriately treated by
arthroscopic excision than diffuse PVNS,
no studies have reported data to this effect:
in fact Byrd et al showed a trend of slightly

better outcomes in diffuse PVNS than in
the nodular variant.! The primary
challenge of hip arthroscopy is its steep
learning curve and the ability to obtain
adequate exposure. Recent innovations
include additional arthroscopic portals and
an enlarged T-capsulotomy, which may be
contributing to decreased complication
rates in hip arthroscopy in general.®

Limitations of this systematic review were
largely imposed by the studies analyzed.
The primary limitation was the relative
paucity of clinical and radiographic data
relating to hip PVNS. To our knowledge,
there are no studies on the treatment of hip
PVNS that have reported higher than
Level IV evidence. In addition, those
studies that were included often had just

1 or 2 patients satisfy our inclusion criteria.
For this reason, we elected to include case
reports, which further lowered the level of
evidence of studies used. There were no
consistently reported physical examination,
survey, and radiographic findings that could
be used to compare studies. All studies with
sufficient data on the outcomes of hip
PVNS treatment were rated poorly
according to the MCMS system.?’ Selection
bias was minimized in this review due to
the inclusive nature of studies with Levels
of Evidence -V, but this created a study
design bias in that most studies consisted of

Level IV evidence. Another potential
concern with this paper is the fact that the
arthroplasty and synovectomy groups were
not identical at baseline; the arthroplasty
group had significantly greater preoperative
joint-space narrowing. The purpose of this
review, however, was not to compare the
efficacy of procedures in identical patient
populations but rather to report the
expected outcomes for patients who have
been indicated for the respective operations.

In conclusion, while the literature on
PVNS of the hip may still be limited, this
review provides insight into expected
outcomes. It is important that surgeons
preoperatively counsel their patients on the
high rate of revision no matter what surgery
is performed. One out of 4 patients may
ultimately need a second surgery, and, for
patients who have a synovectomy without
arthroplasty, that surgery may take place
just 6 or 7 years after the first surgery. As it
is further developed and innovated, hip
arthroscopy may transform the treatment of
PVNS. In turn, we encourage prospective
comparative trials with higher level
evidence to assess the utility of arthroscopy
and other treatment modalities. O

References and financial disclosures
are available online at
www.rush.edu/orthopedicsjournal.
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...the configuration we tested here is of particular interest, given its

potential use in posterior-only surgery without the need for a separate anterior approach.
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INTRODUCTION

Traumatic, infectious, or oncologic
processes of the anterior spine can cause
instability and impair its normal functions:
body support, flexibility, and protection

of neural elements. For patients with

such pathologies, the surgeon may choose
to reconstruct the anterior spine to

regain structural rigidity, correct coronal
or sagittal alignment, protect neural
structures, improve fusion rates, and limit
posterior fusion extent. Modern options
to reconstruct the anterior spine include
structural allograft or autograft with static,
modular, or expandable synthetic cages,
with or without anterior plates or rod

systems.!*¢ In most circumstances, fusion
will occur even in the face of limited cage
subsidence, with internal fixation becoming
secondary to biologic bony support.

However, there are certain clinical
scenarios where the biomechanical or
biologic attributes of the local anatomy are
so disrupted that biologic reconstitution
will either not occur or significantly lag
behind the fatiguing point of the materials.
Examples include any situation where

the blood supply and osseo-ligamentous
anatomy are circumferentially disrupted,
such as with en bloc spondylectomy for a
tumor or anteroposterior (AP) surgery for

extensive bony infection or trauma.’

Additional biologic limitations to the
healing potential include poor nutritional
status, chemotherapy, or external
radiotherapy.®? Biomechanical disadvantages
may include underlying osteopenia or the
need for endplate resection to obtain wide
negative margins for tumors.

When biologic healing or biomechanical
stability is compromised, it becomes crucial
to limit macromotion at the reconstruction
site to prevent fatigue failure of the internal
fixation. When the vertebral column
becomes incompetent, a stable anterior
column reconstruction becomes important
in reducing increased flexion moments
placed on the posterior tension band

complex. Significant cage subsidence and
angular deformation signifies increased
instability and allows progressively more
flexion-extension motion. In fact, in
multiple series evaluating spondylectomy
reconstructions, significant cage subsidence
has been noted to be as high as 50% and is
attributed as the major reason for failure of

posterior instrumentation.!®!!

A modern strategy to address this problem
involves connecting the anterior column
support to the posterior instrumentation.
Doing so theoretically stiffens the overall
construct and, in contrast to other anterior
reconstructions, allows the cage to become
a fixed-angle device whose endplates move
in relative parallel to the cephalad and
caudad pedicle screws. In this configuration,
the cage is biomechanically restrained from
free translation, angulation, and subsidence.

The purpose of this study was to quantify
the biomechanical effects of this configuration
on the stiffness and simulated subsidence

in an idealized spondylectomy model. We
hypothesized that connecting the anterior
column reconstruction cage to the posterior
rods using pedicle screws results in a stiffer

construct with less subsidence of the cage.

METHODS

As a control, we constructed an idealized
thoracolumbar spondylectomy model
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Figure 1. The control: an
idealized thoracolumbar
spondylectomy model, with
Delrin vertebral bodies,
posterior segmental screw
and rod instrumentation,
Sawbones cancellous foam
at superior endplate, and a
free Delrin anterior cage.

(Figure 1) using Delrin (Dupont, Wilmington,
Delaware) vertebral bodies with predrilled
and pretapped pedicle holes; posterior
pedicle screw and titanium rod fixation
(Solera; Medtronic Sofamor Danek,
Memphis, Tennessee); a free Delrin
anterior interbody cage predrilled and
pretapped with 2 staggered pedicle holes

at 90° to one another; and a 1-cm-thick,
third-generation Sawbones (Vashon Island,
Washington) open-cell cancellous foam at
the superior endplate.

We modified the model by connecting
the anterior cage to the posterior rods
using additional pedicle screws and rod-
screw connectors (Figure 2). We kept the

cage position at the endplates precisely

constant, using indelible positioning marks.

Simulated in vivo thoracolumbar
mechanical stress created on a custom
multiaxis spine simulator (Figure 3)
using 10 cycles of flexion-extension

motion, 200 N of axial preload, and a

Figure 2. The test state: an
idealized spondylectomy
model, with Delrin
vertebral bodies, posterior
segmental screw-and-rod
instrumentation, Sawbones
cancellous foam at superior
endplate, and connected
Delrin anterior cage.

Figure 3. A specimen from the test-
state group, shown on the custom
multiaxis spine simulator.

12-Nm flexion-axial stress load. These
loads are comparable to prior analogous

biomechanical studies.'>"

All instrumentation and end caps were
secured prior to each test. Some element
of hysteresis was observed in the system

as the foam endplate compressed, but all
specimens had achieved a steady-state
motion arc by cycle 4 or 5. We measured
rigid body position in space over the
motion arc using an optical motion-capture
system and combined range of motion
with known loads to calculate stiffness

of the system. We quantified cancellous
subsidence of the cage into the Sawbones’
foam (Figure 4A and 4B) using a precision
digital surface-mapping device accurate to
within 0.2 mm (Microscribe G; Solution
Technologies, Inc., Oella, Maryland).
Subsidence volume was calculated using
geometric integration.

A priori power analysis was based on a

preliminary 3-specimen pilot test. At 80%

Figure 4. Foam indentation specimens from the control (A) and test (B) groups.
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power with a significance of 0.05 and an
effect size of 30%, 6 specimens per group
were required. In actual testing, we used
10 foam specimens in the control state and

10 additional foam specimens in the test state.

RESULTS

The control group exhibited significantly
greater foam indentation after cycling,
with a mean subsidence volume of

1906 mm® (STDEV 154 mm’, 95% CI
1810-2001 mm’®) compared to the
connected cage group subsidence volume
of 977 mm’® (STDEV 79 mm?, 95% CI
928-1026 mm’; P < .001; Figure 5).
Construct motion for both groups changed
throughout cycling as the foam settled,

but the steadystate flexion-extension arc
(Figure 6) was significantly greater in the
control group (8.4°, STDEV 0.3°,95% CI
8.2-8.6°) than in the connected-cage group
(6.1°, STDEV 0.1°,95% CI 6.1-6.2°%

P < .001, Figure 7). Correspondingly,
construct stiffness was greater in the
connected-cage group (3.1 N/°, STDEV
0.1 N/°,95% CI 3.1-3.2 N/°) compared with
the control group (2.3 N/°, STDEV 0.1 N/°,
95% CI 2.2-2.4 N/°; P < .001, Figure 7).

DISCUSSION

Failure of circumferential spinal
reconstruction and fusion following
extensive osseo-ligamentous resection is
often due to anterior cage subsidence and
cyclical macro motion.'®!! In this idealized
spondylectomy model, we found that
connecting the anterior column cage to the
posterior instrumentation using additional
pedicle screws resulted in a construct that
is nearly 40% stiffer and exhibits 50% less
cancellous subsidence compared with a
traditional constructs. This allows the most
rigid circumferential construct without

the risks and time commitment of a more
traditional anteroposterior procedure.

There were several limitations. First, this
model may not be a true reflection of in
vivo constructs. Confounding variables to
be considered include dynamic muscular
forces, imperfect preload due to cage
malalignment, fatigue from long-term
cyclical motion, and the varying material
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Figure 5. Mean cancellous subsidence volume
for the control and test groups, with 95%
confidence intervals.
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Figure 6. Stiffness curve for both the control
and test groups during cycle 10, with range of
motion along the flexion-extension axis (°)
depicted on the x-axis, and flexion-axial load
moment (Nm) in addition to the preload
depicted on the y-axis.

properties of bone. However, using an
idealized model, generalizability is often
compromised for a more reliable and
reproducible biomechanical model.

The goal of this study was a proof of
concept. Second, this model simplifies the
reconstructive options into a connected
and a completely free cage, when in fact
other configurations such as Kaneda
instrumentation or anterior side plates may
have a similar or greater effect.'® However,
the configuration we tested here is of
particular interest, given its potential use in
posterior-only surgery without the need for
a separate anterior approach.!?
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Several studies have evaluated
reconstruction following total en bloc
spondylectomy without the described
configuration. In 8 human cadaveric

spines after L2 spondylectomy and Harms
titanium mesh cage interbody support, Oda
tested stiffness with varying combinations
of Kaneda and posterior segmental

instrumentation."

Although they did not connect the
posterior and anterior instrumentation,
they found that only circumferential
reconstructions (ie, Kaneda and posterior
pedicle screws in addition to the mesh
interbody cage) had a stiffness better than
the intact state. In their thoracolumbar
spondylectomy model using 10 human
spines, Shannon et al confirmed the
importance of circumferential reconstruction
following spondylectomy and found that
pins-and-cement plus pedicle screws
configuration was stiffer than an anterior
plate/rib graft plus pedicle screws without
interbody cage or cement.'* Again, this
study did not use a connected configuration.
Lastly, Kato et al suggested that for
multilevel resections, spinal shortening
may impart some stability to an anterior
cage-posterior pedicle screw construct.'®

The specific concept of connecting

the anterior cage to the posterior
instrumentation is not a new one.
Several available commercial products
employ this technique. However, clinical
evidence has been limited to small,
retrospective studies.!”?® The concept was
evaluated biomechanically in 2 related

studies using 6 human cadaver spines

and a custom 6-degrees-of-freedom spine
motion simulator.”?! The authors found
that the main determinant of stability
following en bloc resection and
reconstruction was length of the posterior
segmental instrumentation (at least 2
segments compared with 1) and did not
find any differences between other
configurations such as connected vs
unconnected cages, expandable vs stackable
cages, and use or omission of an anterior
plate. Unfortunately, confidence intervals
were wide for nearly every configuration,
and with 9 subgroups across only 6 specimens,
our study was underpowered to accept any

null hypothesis.

Although examples of the use of a connected
cage can be found in the clinical and
biomechanical literature, no study has ever
quantified its effect on construct stiffness or
vertebral cancellous subsidence. We have
shown significant benefits with regard to
both of these properties and suggest that
further translational study be performed to
confirm the clinical benefits in vivo. O

References and financial disclosures
are available online at
www.rush.edu/orthopedicsjournal.
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The clinical relevance of determining the precise volume of intra-articular

saline needed to detect a traumatic arthrotomy is crucial, because the result of

this test may be the deciding factor when considering surgery.
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INTRODUCTION

Traumatic periarticular lacerations located
around the wrist and ankle joints are
common, and injuries associated with such
lacerations may communicate with the
articular space. Periarticular lacerations
may result from high-energy mechanisms
such as a motor vehicle collision; open
periarticular fractures from falls or other
impacts; or periarticular penetration

from explosions, gunshot wounds, or stab
wounds. Traumatic violation of the joint
capsule may result in septic arthritis, which
is cytotoxic to articular cartilage.! While
such injuries may be fairly obvious, with
large wounds or clearly exposed articular
surfaces, smaller wounds may be deceiving
because the depth of penetration, and thus

Saline Load Test

Negative

Urgent surgical debridement

Oral antibiotics and discharge home

Figure 1. Algorithm for Assessment and Management of Periarticular Lacerations with the Saline

Load Test.

possible communication with the articular
surface, may not be readily appreciable.

Several physical examination maneuvers,
including visual inspection, palpation, and
range of motion testing, can be performed
to help the clinician determine the extent
of the injury and if there is communication
with the joint. The saline load test is a
diagnostic modality that involves injecting
sterile saline into the joint of interest and
then examining the wound or laceration
for evidence of fluid leakage both at rest
and with passive movement.? Visualization
of fluid extravasation from the laceration
site indicates a positive test. One of

the main challenges of the saline load

test is determining the volume of fluid
needed to provide an accurate diagnosis

of joint involvement. Previous studies
have demonstrated the usefulness of this

test in the knee as well as in the elbow
(biomechanical data only);*7 however, to
date, there is a paucity of data available

for other joints, with no published studies
on the wrist. The lone ankle study was
published in 2013,% at the time of data
collection for the present study. In that
study, Bariteau and colleagues performed
the saline load test on 21 patients and
found that, on average, 10.3 mL of fluid
was needed to result in extravasation,

with 30 mL needed to identify 95% of
arthrotomies. Their study provides a
baseline for interpreting the saline load test
for periarticular injuries about the ankle
but is limited by both a small sample size as
well as uncertainty as to the exclusion of
patients with prior ipsilateral ankle surgery.
The potential inclusion of patients with
prior ipsilateral ankle surgery is important

to consider, because violation of the joint
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Figure 2. Intraoperative Photograph of a Patient Undergoing Right Wrist Arthroscopy.

capsule via surgical arthrotomy may alter
overall joint capsular integrity, ultimately
making interpretation of the simulated
saline load test difficult.

The clinical relevance of determining

the precise volume of intra-articular

saline needed to detect a traumatic
arthrotomy is crucial, because the result

of this test may be the deciding factor when
considering surgery (Figure 1). Voit and
colleagues’ performed the saline load test
in 50 patients with periarticular lacerations
(multiple joints including knee, elbow,
ankle, wrist, and fingers) and compared
the results of the saline load test to pretest
surgeon prediction regarding involvement
of the joint. Interestingly, the authors
reported a 39% false positive rate and 43%
false negative rate when comparing the
surgeons’ predictions to the results of the
saline load test, indicating the importance
of obtaining objective data whenever
possible. In order to interpret the results of
a test such as the saline load test, however,
one must have a reliable reference point
with which to compare individual results.
Therefore the purpose of this project was
to identify the minimum fluid volume
necessary to obtain 95% sensitivity for
detection of periarticular injuries about
the wrist and ankle. We hypothesized that
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we will be able to determine a reliable
saline load needed to accurately diagnosis
an open joint injury in the setting of a
traumatic periarticular laceration overlying
the wrist and ankle.

MATERIALS AND METHODS

After obtaining approval from our
university’s institutional review board,
we prospectively enrolled consecutive
patients previously scheduled for elective
outpatient wrist or ankle arthroscopy.
Prior to enrollment, we discussed the
protocol in detail with patients and
obtained informed consent. We excluded
patients with previous ipsilateral surgery
on the index joint. We collected and
analyzed all relevant demographic
information and preoperative data,
including prior injuries to the involved
joint. All patients underwent surgery
under regional anesthesia with sedation.
Following performance of the saline load
test, we performed for all patients the
planned operative procedure as indicated.
For all patients, we placed an uninflated
tourniquet on the limb prior to performing
the saline load test. We did not apply
traction for either the wrist or the ankle
arthroscopy until after performing the
saline load test. The administration of

the saline load test added approximately
1-2 minutes to the operative case. For
postoperative pain management and
rehabilitation, we followed the treating

surgeon’s standard of care in all cases.

Wrist Protocol

In the course of routine elective wrist
arthroscopy (Figure 2), a standard 3-4
portal of 5 mm was established in the
usual fashion, just distal to Lister’s tubercle
between the third and fourth extensor
compartments, between the extensor
pollicus longus and extensor digitorum
communis tendons. We created all portals
without the application of traction and
without joint insufflation. We used a

#11 blade to incise the skin and penetrated
the joint capsule with a hemostat. We
then inserted the arthroscope without
arthroscopic fluid (dry arthroscopy)

and confirmed correct placement

into the joint by visual inspection of

the radiocarpal articulations. Under
direct visual inspection, we inserted an
18-gauge needle percutaneously in the

6R portal and subsequently removed the
arthroscope from the 3-4 portal following
confirmation of accurate placement of

the needle. We steadily injected sterile
saline through the needle in the 6R portal
at a rate of approximately 0.2 mL per
second until there was visual confirmation
of extravasation of fluid from the 3-4
arthroscopic portal site. We recorded the
quantity of fluid injected, in mL, at the
time of outflow. We then removed the
needle, and the case proceeded as clinically
indicated.

Ankle Protocol

In the course of routine elective ankle
arthroscopy (Figure 3), we created a
standard anterolateral ankle portal, just
lateral to the lateral border of the peroneus
tertius tendon at the level of the tibiotalar
joint. We used a #11 blade to incise the
skin and a hemostat to penetrate the joint
capsule. We inserted the arthroscope
without arthroscopic fluid (dry arthroscopy)
and confirmed correct placement into the
joint by visual inspection. Under direct
visual inspection, we inserted an 18-gauge




needle percutaneously in the location of
the anteromedial portal. We removed the
arthroscope the anterolateral following
confirmation of accurate placement of the
needle. We injected sterile saline slowly
and steadily through the needle at a rate

of approximately 0.2 mL per second until
there was visual confirmation extravasation
of fluid from the anterolateral arthroscopic
portal site. We recorded the quantity of
fluid injected, in mL, at the time of outflow.
We then removed the needle, and the case
proceeded as clinically indicated.

ANALYSIS

Descriptive analysis consisted of frequencies
and percentages for discrete data and means
and standard deviations for continuous
data. We transformed logarithmically the
measured volume of saline injected into
the joint space until fluid extravasation

to produce normal distributions. We then
used these distributions to determine the
volume necessary to detect 95%, 80%,

and 75% of traumatic arthrotomies.

We produced statistical analysis using
SPSS (SPSS Statistics Version 21.0;

IBM, Armonk, New York). All reported

P values are 2-tailed, with an o-level of

.05 detecting significant differences.

RESULTS

Wrist

We included 30 consecutive patients

with an average age of 45 + 21 years
(range, 23-64 years). The indications for
surgery included triangular fibrocartilage
complex pathology, wrist impingement,
ulnocarpal impaction, and pain refractory
to nonoperative treatment. Overall, an
average volume of 0.77 = 0.70 mL of saline
solution was required to achieve a positive
result and induce effusion through the

3-4 arthrotomy site. The amount of fluid
needed to obtain a positive result ranged
from 0.2 mL to 3 mL. We did not observe
any correlation between the gender, height,
weight, or body mass index (BMI) of the
patients and the amount of saline injected.
We injected a saline load of 1.1 mL to
achieve 70% sensitivity; 1.4 mL to achieve
80% sensitivity, and 1.9 mL to achieve
95% sensitivity for a positive saline load
test (Figure 4).

Ankle

We included 30 consecutive patients
with an average age of 38 + 13 years
(range, 19-60 years). The indications for
surgery included recurrent ankle sprain,

Figure 3. Intraoperative Photograph of a Patient Undergoing Right Ankle Arthroscopy.

osteochondral defect of the talus, ankle
impingement, and ankle pain refractory
to nonoperative treatment. Overall, an
average volume of 17.6 +14.28 mL was
required to achieve a positive result and
induce effusion through the anteromedial
arthrotomy site. The amount of fluid
needed to obtain a positive result ranged
from 2.0 mL to 30.0 mL. We observed no
correlation between the gender, height,
weight, or body mass index (BMI) of the
patients and the amount of saline injected
(P >.05). We injected a saline load of
25.4 mL to achieve 70% sensitivity;

30.1 mL to achieve 80% sensitivity, and
42.0 mL to achieve 95% sensitivity for a
positive saline load test (Figure 5).

DISCUSSION

The principal findings of this study are

as follows: (1) an average of 0.77 mL of
saline was required for the saline load test
to identify a simulated traumatic wrist
arthrotomy while 1.9 mL of saline needs

to be injected into the wrist to detect

95% of traumatic wrist arthrotomies, and
(2) an average of 17.6 mL of saline was
required for the saline load test to identify a
simulated traumatic ankle arthrotomy, with
42.0 mL needed to detect 95% of traumatic
ankle arthrotomies. These values apply to a
wide array of patients of both genders and
with different heights, weights, and BMIs
because there was no correlation between
patient demographics and the amount
injected to obtain a positive result.

Joint penetration of periarticular wrist
injuries can be difficult to ascertain in the
emergent setting, and timely diagnosis of
traumatic violation of the joint capsule
can be critical to management and
prevention of septic arthritis. At the same
time, the risks of surgical intervention
must be considered, and thus it is crucial
for clinicians to determine if lacerations
near a joint are isolated to the superficial
soft tissues or if true communication with
the joint has occurred. The saline load
test is a minimally invasive procedure
that can be easily performed in the

triage setting. First described in 1975 by
Patzakis et al,? the saline load test has
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Figure 4. Wrist saline load test results: An average of 0.77 mL of
saline was required for the saline load test to identify a simulated
traumatic wrist arthrotomy while 1.9 mL of saline needs to be
injected into the wrist to detect 95% of traumatic wrist arthrotomies.

subsequently been shown to be extremely
useful in the evaluation of periarticular
lacerations. For the knee, multiple studies
have been performed, with somewhat
varying results. Cut-off values for the knee
have been reported as either 155 mL for
95% sensitivity'® and 194 mL for 95%
sensitivity’. Interestingly, however, several
other authors have recently questioned
the accuracy of the saline load test with
regard to the knee. Specifically, Metzger
and colleagues® studied the saline load
test in patients undergoing elective knee
arthroscopy, placing them randomly into
either a normal saline group or a methylene
blue group, and performed the test.
Interestingly, the authors found an overall
false-negative rate of 67% and noted

that methylene blue dye did not help to
improve the diagnostic utility of the test.
For those patients that did have a positive
test, the authors reported that the mean
volume of fluid injected was between

95 and 105 mL. Tornetta and colleagues'!
also assessed the sensitivity of the saline
load test in 80 knees undergoing elective
knee arthroscopy. The authors loaded

60 mL into the joint and assessed for saline
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leakage through an established arthroscopy
portal (infrapatellar or suprapatellar). They
reported 36% (22 knees) to have a positive
test, with an additional 8 knees found to
be positive after being put through range
of motion, for an overall dynamic sensitivity
of 43% (30 knees). Overall, the researchers
concluded that the saline arthrogram has
low sensitivity for detecting known,

small traumatic arthrotomy wounds of

the knee, although it should be noted that
the volume of saline used in their study
was 60 mL, substantially less than the

105 mL reported by Metzger et al,°

the 155 mL reported by Nord et al,'°

and the 194 mL reported by Keese et al.”

Unfortunately, the data for analyzing

the evaluation of traumatic arthrotomies
to smaller joints, such as the wrist and
ankle,® are limited. Currently, there is only
1 study available to help guide decision
making in the ankle, and there are no
studies available for the wrist. Published
during the time of data collection for our
own research, the study by Bariteau and
colleagues® analyzed the use of the saline
load test for the detection of traumatic
arthrotomies of the ankle. Similar to our

T
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Figure 5. Ankle saline load results: An average of 17.6 mL of
saline was required for the saline load test to identify a simulated
traumatic ankle arthrotomy, with 42.0 mL needed to detect 95%
of traumatic ankle arthrotomies.

study protocol and those published for

the knee, the authors evaluated the saline
load test in patients undergoing elective
ankle arthroscopy. In their study, the
authors performed the saline load test in
21 patients (11 males, 10 females) with an
average age of 44 years. Their technique
was similar to ours, in that they created

a standard anterolateral portal as the
arthrotomy and then injected saline via
the anteromedial portal. Overall, the
authors reported that an average of

10.3 mL was needed to diagnose the
arthrotomy, with males requiring 14.5 mL
and females requiring only 7.3 mL

(P =.0706), and that 30 mL was needed
to achieve 95% sensitivity. It is unknown
if the authors utilized traction in their
arthroscopy set-up before performing

the saline load test, or further, if patients
with prior ipsilateral ankle surgery were
excluded. We determined that, on
average, nearly 1.5 times as much fluid was
necessary for a positive test when compared
to the data presented by Bariteau et al,
and further, we found that the amount of
fluid necessary to reach 95% sensitivity
was greater in our cohort: 42 mL vs 30 mL.




Our study combined with that of Bariteau
et al provide a baseline to help guide
clinical decision making when evaluating
patients with a possible traumatic
arthrotomy about the ankle. With respect
to the wrist, our study is the first to quantify
the volume of saline needed to accurately
detect a traumatic arthrotomy of the wrist
and allows clinicians to use the 1.9 mL as a

cutoff volume.

Limitations

This study is not without limitations.
Similar to previously published studies
discussing the saline load test for traumatic
arthrotomies of the knee, this study utilized
an artificially created arthrotomy, which is
certainly a different presentation than what
may be seen in the setting of a traumatic
arthrotomy. The artificial arthroscopy
model likely creates an environment

that requires less pressure to achieve fluid
extravasation when compared to a true
traumatic arthrotomy, and thus the clinical
translation of such a simulated traumatic
arthrotomy model may be limited. In the
setting of a true traumatic arthrotomy,

given the potential degree of soft tissue
disruption, there is a risk of obtaining a
false positive result via overinsufflation of
the joint due to loss of integrity of the joint
capsule and surrounding soft tissue. Second,
the patient population in this study
consisted of young to middle-aged patients,
and may not be generalizable to younger
or older patients with varying degrees of
baseline soft tissue and/or periarticular
capsular laxity. Additionally, this study
was performed solely in a static fashion:
neither the wrist nor the ankle was taken
through a range of motion during or after
the injection of fluid. Repeating this study
in a dynamic fashion may provide different
results, as motion of the wrist and/or ankle
joint may increase the detection rate
through the artificially created arthrotomy.
Finally, the saline load test was performed
in the setting of an operating room with
the patient sedated and under regional
anesthesia. During clinical utilization of
the saline load test, patients are typically
awake and in significant pain, often unable
to lie still as a needle is injected into

an already injured joint. Similar to the

potential for arriving at different results
when performing a static test versus a
dynamic test, the differences in setting
(controlled environment in the operating
room versus actual traumatic periarticular
laceration) may impact the technical
feasibility of performing the test, ultimately

resulting in different outcomes.

CONCLUSIONS

Often the decision to proceed with
emergent surgical irrigation and
debridement of a suspected open joint
injury is based on the results of the saline
load test. The results from this study will
provide clinicians with the volume load
needed to accurately diagnosis an open
joint injury in the setting of a traumatic
periarticular laceration. This information
will therefore change and guide clinical/
surgical decision making. O
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“Our results suggest that if computed tomography has been obtained,

the images should not be ignored, because a positive result makes sepsis

4.68 times more likely and a negative result, 0.5 times less likely.
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INTRODUCTION

Studies predict that the incidence of total
hip arthroplasty (THA) revision will
double by 2026, with 97 000 procedures
projected annually by 2030.! Many patients
who undergo THA will require revision.
Approximately 10% of revisions are performed
for periprosthetic joint infection (PJI).?
Infection is a complication that is difficult
to treat,’” and failure to diagnose PJI in a
timely manner can decrease the chance of
eradication. Early and accurate diagnosis is
crucial, but the patient’s presenting symptoms
may be unclear and can be similar to those
for aseptic causes of failure.®” There are
valuable tests including serum erythrocyte
sedimentation rate (ESR), serum
C-reactive protein (CRP), synovial white
blood cell (WBC) count, and synovial

differential percent of segmented
leukocytes.®¥13 In cases where these tests
are abnormal, the current American
Academy of Orthopaedic Surgery Clinical
Practice Guidelines (AAOS CPG)
recommends preoperative testing with ESR
and CRP followed by aspiration.'*

When a patient presents with a painful
THA to an emergency department, primary
care physician, or inpatient medical
hospitalist team, medical professionals
often obtain a computed tomographic (CT)
scan prior to orthopedic consultation. It is
difficult to know whether the results of this
test are clinically useful. The current AAOS
CPG does not recommend for or against
the use of CT in the diagnosis of PJ1.'*
While many authors have investigated
other types of advanced imaging in the

L,5% there is only a single

diagnosis of PJ
published study that examines the
sensitivity and specificity of CT scans in
testing for PJI. This study measures the
diagnostic value of scans interpreted by
only 2 musculoskeletal radiologists.'® The
diagnostic value of interpretations of CT
scans in this context by orthopedic residents,
adult reconstruction fellows, and fellowship-
trained adult reconstruction surgeons
remains unknown. This study is aimed
specifically at determining the diagnostic
value of CT scans for PJI when radiologists
and orthopedists with varying levels of

training interpreted these scans. We
hypothesized that CT scans would be
neither sensitive nor specific for PJI regardless
of the interpreter or level of training.

MATERIALS AND METHODS

After receiving institutional review board
approval, we retrospectively reviewed the
operative logs of the 2 senior authors. We
reviewed the medical records of all patients
who had undergone revision THA since
our institution began using an electronic
medical record in 2004, with a total search
period of August 2004 to September 2012.
We included patients who had undergone a
CT scan of the hip as part of the evaluation
of a painful THA within 3 months prior to
revision. We excluded patients for whom
the images associated with the scan could

not be located.

Data Collection

We recorded data in Excel X (Microsoft,
Redmond, Washington) and analyzed
data in SPSS 18 (IBM, Armonk, New
York). We collected the following data
from the charts: patient demographics,
whether the laboratory performing the test
considered the values for serum CRP and
ESR to be abnormal, the appearance of
the preoperative radiographs as dictated by
the attending surgeon in the preoperative
consultation, the results of intraoperative
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Figure 1. Fluid Collection
A, An axial slice of a computed tomographic scan of the hip in a patient with perisprosthetic sepsis demonstrates a nonphysiologic fluid collection
(arrow) beneath the abductor complex along the cortex of the pelvis. B, A coronal slice from the computed tomographic scan of the hip in a patient
with periprosthetic sepsis, shown here in color enhancement, demonstrates multiple fluid collections under the abductors, beneath the fascia, and
extending distally into the subcutaneous fat (arrows).

pathologic frozen section, aspirate WBC
count, percent of segmented WBCs, and
final culture results. For frozen section,
those that had > 5 neutrophils per high-
powered field on the greatest number

of cellular fields were considered to be
positive.’**! We reviewed all preoperative

consultation notes and operative reports.

We used the following criteria to determine
whether PJI was the cause of failure: a sinus
tract or other open communication
between a wound and the involved joint;
intraoperative purulence; any patient with
bacterial growth from synovial aspirate
cultures; or a combination of 3 of the
following 4: abnormal CRP, abnormal
ESR, synovial WBC count > 3000, or
positive intraoperative frozen section.*

We considered the cultures negative if a
single broth culture grew a common

skin contaminant and all other cultures

were negative.

CT Scan Review

CT reviewers included 2 senior orthopedic
surgery residents, an adult reconstruction
fellow, a musculoskeletal radiology fellow,

a fellowship-trained musculoskeletal

radiologist, and 2 fellowship-trained

adult reconstruction surgeons. We
reviewed the CTs in a blinded fashion:

no reviewer was aware of the diagnosis or
the number of infection cases. To attempt
to best replicate the clinical scenario

in which scans are normally reviewed,

the orthopedic resident, fellow, and
attending surgeons reviewed scans within
our standard electronic medical record
program on standard computer screens
within our clinic, while the radiology
fellow and attending surgeons reviewed
scans in their reading room using picture
archiving and communication system
(PACS) software and high-resolution
screens. Both systems permit the viewer to
vary light, color, intensity, magnification,
etc, as desired by the viewer. This was a
retrospective review and thus scans were
heterogeneous as to the performing facility
in slice thickness and other details of scan
protocol. For each scan the reviewers
produced a binary “infected”/“not infected”
determination, and, in cases where they
felt it was warranted, they also provided
their reasoning, such as the presence or

absence of a fluid collection, air within the

deep tissues, osteolysis, periosteal reaction,
or heterotopic bone formation. Reviewers
did not apply or utilize any a priori criteria
because the purpose of the study was to
replicate the clinical scenario in which
scans are currently reviewed. We instructed
reviewers to use their clinical judgment as
to whether, based upon the findings of the
CT scan alone, the patient was suffering
from periprosthetic sepsis.

Data Analysis

For each reviewer, we calculated sensitivity,
specificity, positive predictive value
(PPV), negative predictive value (NPV),
positive likelihood ratio (PLR), negative
likelihood ratio (NLR), and accuracy.
We performed linear regression between
years since medical school graduation
and accuracy. We calculated reliability
using intraclass correlation coefficients
quantified by Cronbach a. A priori we
considered values of < 0.50 to represent
unacceptable, > .50 to = 0.60, poor;

> 0.60 to = 0.70, acceptable; > 0.70 to

< 0.90, good; and > 0.90 as excellent
internal consistency.
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Figure 2. Subcutaneous Air
This axial slice from a computed tomographic scan of the hip in a patient with periprosthetic
sepsis demonstrates a tract of subcutaneous air consistent with a sinus tract (arrows).

RESULTS

We reviewed 309 charts and 40 potential
CT scans, of which 23 scans met the
inclusion criteria (7.3% of all charts).

In most cases emergency department
physicians and primary care doctors, rather
than the treating orthopedic surgeons,
provided these scans. The scans had been
performed at a variety of institutions using
a variety of protocols, and, in the majority
of cases, no specific protocol to avoid
beam-hardening artifacts was employed.
Using the diagnostic criteria, we
determined the following patient counts for
given conditions: PJI: 4, aseptic loosening:
10, polyethylene wear: 2, metal-on-metal
adverse local tissue reactions: 2, component
fractures: 2, reimplantation after placement
of a spacer: 2, and sarcoma: 1. Patients both
with and without PJI had similar
demographics (Table 1). Table 1 also

shows results for ESR, CRP, aspiration
characteristics, and culture results for

both groups.

We reported sensitivity, specificity, PPV,
NPV, PLR, NLR, and accuracy in Table
2. Cronbach a was 0.827 (0.680-0.922,
95% confidence intervals), and reliability
thus qualified as “good.” Univariate
regression demonstrated that years since
medical school positively correlated with
specificity (P = .001), PPV (P = .028),
NPV (P = .040), and accuracy (P = .029)
but not sensitivity (P = .111), PLR (P =
.096), or NLR (P = .358). Mean accuracy
was 74% for orthopedic residents, 80%
for the musculoskeletal radiology fellow
and attending surgeon, and 81% for the
adult reconstruction fellow and attending
surgeons. Reviewers noted a number of
characteristics that they felt suggested a
diagnosis of periprosthetic sepsis. The
most commonly described findings to
suggest infection were fluid collection
(14 instances, Figure 1), air within the
deep tissues (5 instances, Figure 2),
osteolysis (4 instances), periosteal reaction
(1 instance, Figure 3), and heterotopic

bone formation (1 instance).

DISCUSSION

Nonorthopedic physicians frequently
obtain CTs in the evaluation of painful
THA; in our sample 13% of patients

had undergone a CT within 3 months

of revision. However, the utility of these
studies remains largely unknown. Current
AAOS CPG does not recommend for or
against the use of CT in the diagnosis of
PJI.P The specific aim of this study is to
determine the diagnostic value of CT for
PJI when radiologists and orthopedists

of varying levels of training interpreted
these scans. We hypothesized that CT
would be insensitive and nonspecific for
PJI regardless of the interpreter or level of
training. We found CT to have a sensitivity
of 57%, a specificity of 83%, a PPV of 43%,
an NPV of 91%, and an accuracy of 79%.
Cronbach a was 0.827, and interrater
reliability qualified as “good.” Years since
medical school correlated with specificity,
PPV, NPV, and accuracy but not sensitivity,
PLR, or NLR. Our results suggest that if a
CT has been obtained, the images should
not be ignored, because a positive result
makes sepsis 4.68 times more likely and a
negative result, 0.5 times less likely.

As mentioned earlier, the reviewers in

our series felt that the following CT
characteristics suggested infection: fluid
collection, air within the deep tissues, and
osteolysis. Previous authors have identified
osteolysis, periprosthetic soft-tissue fluid
collection, periostitis/periosteal reaction,
low osseous attenuation, asymmetric
position of the femoral head, joint
distention, fluid-filled bursae, and fluid
with communicating nonbursal cavities
with irregular planes as characteristic
attributes of infection.'3??¢? Given that
the effective joint space encompasses the
entirety of the implant,” fluid collections
can be seen at the distal aspect of the stem
and within the pelvis.

Several issues remain with CT scans

in diagnosing PJ1. While this imaging
modality is readily available in most
facilities, beam-hardening artifact'¢ can
prevent the reviewer from fully evaluating
the periprosthetic tissues. New protocols
have been developed to reduce artifact,
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Table 1. Demographic and intraoperative characteristics of patients with periprosthetic sepsis and
those with aseptic causes of failure. Unless otherwise noted, mean + standard deviation is reported.

Patients without PJI

Patients with PJI

Number
Gender (M, F)
Age (yrs)

BMI

revision (yrs)

Serum CRP

Serum ESR

Cultures

Time from primary to

Frozen section
(negative, positive)

Synovial WBC (cells/uL)
Synovial RBC (cells/pL)
Synovial segmented cells (%)
Synovial lymphocytic cells (%)

Synovial monocytic cells (%)

19

6, 13

61+12

35+9

12+ 11

6 normal, 6 abnormal,
7 not available

5 normal, 6 abnormal,
8 not available

16, 0

1440 = 1827
426564 + 330577
56 + 22

28+5

16+ 17

18 negative, 1 case of
CNSA in a single broth

4
2,2

64 4
38+7

0.4+05

4 abnormal

4 abnormal

3,0

45883 + 42541
415000 + 77781
85+4

5+4

7+6

3 negative, 1 case
of MSSE

Abbreviations: BMI, body mass index; CNSA, coagulase-negative Staphylococcus aureus; CRP,
C-reactive protein; ESR, erythrocyte sedimentation rate; F, female; M, male; MSSE, methicillin-
sensitive Staphylococcus epidermidis; RBC, red blood cell; WBC, white blood cell.

which may improve the utility of CT in
the diagnosis of periprosthetic pathology
such as infection. In addition this

modality exposes patients to radiation

and imposes significant costs. Our results
are not sufficiently robust to suggest that
CT should be incorporated into the
diagnostic algorithm for periprosthetic
sepsis. However, a prospective trial in
patients suspected to have periprosthetic
sepsis utilizing a standardized protocol

to reduce artifact could be ethically
considered. Such a trial would have to
weigh the expense and radiation exposure
associated with CT against the diagnostic
utility of a positive likelihood ratio of 4.68
and a negative likelihood ratio of 0.5.
Periprosthetic sepsis is difficult to treat, and
early diagnosis may improve the chance of
eradicating infection, so early and accurate
diagnosis is crucial, and all available
diagnostic modalities should be considered.
There may be value to the information
obtained from CT in the diagnosis of PJI,
particularly in cases where other parameters
are conflicting.

Several authors have attempted to use
advanced imaging to aid in the diagnosis
of infection."”? Much of this work has

focused on nuclear medicine tests.!720-2426

Table 2. Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), positive likelihood ratio (PLR), negative likelihood ratio
(NLR), and accuracy for each reviewer and in aggregate

Reviewer

Ortho res #1
Ortho res #2
HK flw

MSK flw
MSK attg
Ortho attg #1
Ortho attg #2
Mean

95% Cl high

95% Cl low

Sensitivity (%) Specificity (%)
50 74
25 89

100 79
25 89
50 89
75 68
75 95
57 83
69 87
46 79

PPV (%) NPV (%)
29 88
33 85
50 100
33 85
50 89
33 93
75 95
43 91
50 93
37 88

PLR NLR Accuracy (%)
1.90 0.68 70
2.38 0.84 78
4.75 0.00 83
2.38 0.84 78
4.75 0.56 83
2.38 0.37 70

14.25 0.26 91

4.68 0.51 79
6.47 0.63 82
2.89 0.38 76

Abbreviations: attg, attending; Cl, confidence interval; HK, hip and knee; flw, fellow; MSK, musculoskeletal radiology; NLR, negative likelihood ratio;
NPV, negative predictive value; ortho, orthopaedic; PLR, positive likelihood ratio; PPV, positive predictive value; res, resident.
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Figure 3. Periosteal Reaction
This sagittal slice from the computed tomographic scan of the hip in a patient with periprosthetic
sepsis demonstrates irregular distal femoral periosteal reaction (arrows).

Plain films have a low sensitivity and
specificity for fluid collection.?* Ultrasound
can only characterize superficial
collections.** Magnetic resonance imaging
(MRI), while reproducible, is time
consuming, less readily available, and may
be overly sensitive.”” Only 2 published
clinical studies have investigated the
diagnostic value of CT for PJI.'% Cyteval
et al conducted a prospective evaluation of
73 consecutive revision THAs evaluated
by 2 musculoskeletal radiologists and
determined that the finding of a fluid
collection had a sensitivity of 41% and a
specificity of 100% with a PPV of 100%,
an NPV of 88%, and an accuracy of 89%.
The finding of joint distention had even
better diagnostic value with a sensitivity of
83%, a specificity of 96%, a PPV of 83%,
an NPV of 96%, and an accuracy of 94%.*
These values exceed those of aspiration

in many clinical studies.”> However, their
study has several weaknesses, including
that CT scans were performed on all
revision THAS, not just on those suspected
of infection, which likely artificially inflates
the sensitivity and specificity reported. It

is difficult to know whether Cyteval et al
would have obtained similar results if scans
were just obtained in those cases with a
clinical suspicion.

Tomas et al conducted a similar prospective
analysis of 63 patients.”” While these authors
did not explicitly report the sensitivity

and specificity of CT findings, a post hoc
analysis of their data reveals that the
finding of a fluid collection had a sensitivity
of 61%, a specificity of 83%, a PPV of 80%,
an NPV of 66%, and an accuracy of 71%
for PJI. Our own data more closely match
the data from this latter study.

Given the evidence from these studies and
from our own study, aspiration remains
the gold standard for the diagnosis of
periprosthetic sepsis and CT is not
indicated in the evaluation of the patient

with a suspected infection.

Our study has several limitations. Because
it was performed retrospectively, we are
limited by the information available in the
medical records. In addition, our study is
small in size, which limits statistical power.
Our study was purposefully conducted in

a similar clinical scenario to how these
scans would be interpreted. While the
lack of standardization in the technique in
which the scans were obtained improves
generalizability, it may influence validity.
Ideally a larger prospective study could
better address this question; however,
because of the cost and radiation exposure,
retrospective evidence regarding the
diagnostic value of this modality is
necessary before such a trial

can ethically be conducted.

CONCLUSIONS

Though derived from a relatively small
number of cases, our data suggest that CT
in the diagnosis of periprosthetic sepsis
provides a sensitivity of 57%, a specificity
of 83%, a positive predictive value of 43%,
a negative predictive value of 91%, and an
accuracy of 79%. The interpreters’ years
of experience correlates with diagnostic
accuracy. Interrater reliability is good. If a
CT has been obtained, the images should
not be ignored, because a positive result
makes sepsis 4.68 times more likely and a
negative result, 0.5 times less likely. O
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... many of the improvements in total hip arthroplasty arose

from advances in product design and material properties that were realized

only after observing unpredictable failure mechanisms.

Development of the
Modern Total Hip Arthroplasty: Part Il

NICHOLAS BROWN, MD / DAVID FARDON, MD / GUNNAR B. J. ANDERSSON, MD, PHD

AUTHOR AFFILIATIONS

Department of Orthopedic Surgery,

Rush University Medical Center (Drs
Brown, Fardon, and Andersson) and
Midwest Orthopaedics at Rush (Drs Fardon
and Andersson), Chicago, lllinois.

CORRESPONDING AUTHOR
Nicholas Brown, MD, Department of
Orthopedic Surgery, Rush University
Medical Center, 1611 W Harrison St,
Suite 300, Chicago, IL 60612
(nmb2116@gmail.com).

Editor’s Note: This is the second of a
2-part article that presents the history of
hip arthritis and arthroplasty from the
modern era to the present, emphasizing
Rush’s contributions. Part 1 was published
in the 2014 Rush Orthopedics Journal.

INTRODUCTION

Over the past 2 centuries, a vast array

of treatments for hip arthritis appeared,
ranging from simple resection of the
proximal femur to a variety of
interpositional materials. Several
prosthetic devices began to resemble
modern total hip implants. Unfortunately
the majority of these attempts met with
limited success. However, the knowledge
gained from prior mistakes allowed

for the development of modern total

hip arthroplasty.

In the early 1960s, in England, Sir John
Charnley, MD, developed the first
successful total hip arthroplasty (THA).
His implant consisted of a cemented,
stainless-steel femoral stem and a
cemented, high-density polyethylene cup.
Charnley performed surgery through a
large incision with removal of the greater
trochanter. Patients were typically kept in
the hospital for many weeks following the

surgery, which was usual for the time.

Initially indications were strict, and
replacement surgery was performed mainly
on patients who had severe disability and
pain at rest.! Similarly, the expected results
were comparatively modest: freedom from
pain and the ability to walk and function in
daily activities. It is unlikely that Charnley
would have foreseen a 2-sport professional
athlete returning to play in both areas
following arthroplasty surgery.

Charnley initially restricted sales of his
device to those who had learned the
procedure by training with him, and, due
to these limitations, a large number of
copycat device designs using different
materials developed over the next several
years (see Part 1).

As Charnley had proposed, surgeons fixed
initial prostheses with cement. While
this reasonable means of fixation is still
in use, patients would sometimes present

with loosening. This complication had a

variety of underlying etiologies including
less-refined first-generation cementing and
surgical techniques, errors in prosthesis
design, and use of bearing surfaces that
were more susceptible to wear.? However,
many surgeons blamed the loosening on
cement particles,’ resulting in the term
cement disease. Doctors of the time did not
realize that a major cause of loosening was
osteolysis resulting from an inflammatory

reaction to polyethylene debris.

These device failures led investigators to
search for other methods of fixation. These
early years of prosthesis development were
the medical equivalent of the American
Wild West. It was much easier then to
bring a new product to market and implant
it in a patient because of simpler product
approval processes and less liability for the
surgeon or manufacturer. Additionally,
there were fewer limits on intellectual
property rights. Therefore, a multitude of
different products entered the market.

In 1968 Jorge O. Galante, MD, DMSc,
(Figure 1) former chairman of the
Department of Orthopedic Surgery at
Rush University Medical Center, traveled
to England to meet with Charnley. Upon
Galante’s return to Rush, he questioned
whether it would be possible to “have an
implant made of porous metal so bone
can grow into the implant and fix it.”* He
posed this question to William Rostoker,
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Figure 1. Jorge O. Galante, MD, DMSc, former
chairman of the Department of Orthopedic
Surgery at Rush, pioneered cementless hip
arthroplasty.

PhD, a metallurgist at the University of
Illinois, and together they developed a
porous ingrowth surface utilizing titanium
fiber-metal. At the time it was unclear if
titanium was even a suitable prosthetic
material. Some data suggested that it

was biocompatible, but using this metal
as an orthopedic implant was essentially
uncharted territory: cemented stems
primarily consisted of stainless steel or
cobalt-chrome.® Experiments first presented
in 1970 at the American Academy of
Orthopaedic Surgeons annual meeting
demonstrated ingrowth of fiber-metal
prostheses when implanted into the joints
of monkeys and dogs. Because the work
occurred during the Vietnam War era
when the military was investigating bone
replacement options for soldiers with
severe extremity injuries, much of the
development was funded by the National
Institutes of Health and the Department
of Defense. The in vitro and in vivo
development process lasted about

10 years before the first implantation into
a living patient.’

In the 1970s, most total hip prostheses
were fixed with cement, although some
devices were also developed with porous
surfaces. Currently 86% of prostheses used
in the United States utilize cementless
fixation; however, the opposite is true in
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the majority of European countries.” This
“Atlantic divide” is potentially due to the
respective national origins of the 2 fixation
techniques. Additionally, initial American
results with cemented stems were unfavorable
due to poor cementing techniques and
frequent use of roughened stems, which, in
reality, lead to increased cement mantle
wear, while the Europeans continued to use
tapered polished stems with more favorable
results.® The unfavorable outcomes with
cement in the United States led to fewer
American surgeons using cemented fixation
and therefore fewer surgeons being taught
the proper technique.

While the transition to cementless fixation
in the United States was gradual, an
objective look at the current percentage

of cementless hips suggests that the
introduction of the Harris-Galante
prosthesis represented the beginning of a
paradigm shift in joint replacement among
American surgeons. However, as with
Charnley’s early prototypes, there were
unforeseen design issues. While the initial
Harris-Galante cup demonstrated excellent
survivorship,’ the stems had less successful
results due to a lack of circumferential
porous coating that increased the effective
joint space and allowed for distal osteolysis.
The polyethylene locking mechanism was
another design issue because it permitted
excess motion at the metal-poly interface
and led to backside wear. These setbacks
were addressed in updated generations

of devices. However, they illustrate the
point that many of the improvements

in THA arose from advances in product
design and material properties that were
realized only after observing unpredictable
failure mechanisms.

One area where this point is abundantly
clear is with improvements in polyethylene
quality. As noted previously, in the 1970s
aseptic loosening was thought to be due to
cement disease, and researchers surmised
that a cementless hip could significantly
reduce the incidence of aseptic loosening.
This idea partially arose after histologists
found polymethylmethacrylate debris in
tissues with osteolysis.!® However, it soon

became clear that cementless stems could

also suffer aseptic loosening. Over time
researchers came to understand that these
component failures were at least in part
due to polyethylene debris, and the need
for bearing surfaces with improved wear

resistance became apparent.

One approach was to improve the

quality of polyethylene used to make the
bearings. While Charnley’s decision to

use polyethylene (which was then used

in printer looms), was a major factor that
made THA possible, more sophisticated
methods of sterilization have significantly
improved the material’s quality. Years

of research and development led to the
conclusion that polyethylene is best
sterilized by gamma rays in an inert
environment after formation by molding. It
must be packaged in such a way that it has
no subsequent access to oxygen. Further,
the gamma irradiation that induces cross
linking leaves residual free radicals in the
crystalline structure that are best removed
by heating the polyethylene to a precise
temperature less than its melting point,
which preserves the material’s strength.!!
The chemistry necessary for manufacturing
this thin, rudimentary-appearing plastic
semicircle is remarkable, especially when
put in its historical context.

In addition to better methods of processing

polyethylene, new bearing surfaces were

Figure 2. Joshua J. Jacobs, MD, developed
analysis of the effects of metal ion shedding in
hip arthroplasty.
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Figure 3. Intraoperative images of a minimally invasive total hip arthroplasty: A, Curvilinear incision bordering the Waston-Jones interval. B, Placement
of the acetabular component and liner after reaming. C, Final femoral exposure. D, Incision closed with surgical sutures.

developed. Ceramic, with its high strength,
excellent scratch resistance, and low
coefficient of friction, was first utilized in
1971; however, early ceramic formulations
used commercially pure alumina, a brittle
material with the potential for catastrophic
failure due to fracture. Concern over this
complication prevented widespread use of
ceramic as a bearing surface. However, the
material properties of ceramic have since
been improved, with zirconium replacing
alumina, and the use of ceramic bearing

surfaces is becoming increasingly prevalent.'?

In the 1950s, George McKee and John
Watson-Farrar had used metal-on-metal
hips as some of the earliest bearing
surfaces.”” These hips had high failure
rates, and with the development of
Charnley’s low-friction hip, the concept

was discarded. During the 1990s, metal-
on-metal bearing surfaces re-emerged as
“new” technology with high strength,
reduced wear, smaller particulate debris,
and ability to self-polish. They provided a
large femoral head size that could improve
range of motion and prevent dislocations.
During the re-emergence of this bearing
surface, the initial results were excellent.
However, consistent with many new

ideas introduced into THA, there were
unforeseen issues with the metal-on-metal
bearing surface. Many of the pitfalls with
THA have resulted from what Donald
Rumsfeld eloquently noted to be “unknown
unknowns.”"* While many metal-on-
metal hips, especially resurfacings, have
excellent track records, some patients have
had issues with elevated systemic metal-
ion levels, adverse local tissue reactions

(ALTR), and aseptic lymphocytic vasculitis
associated lesions (ALVAL). Joshua Jacobs,
MD, (Figure 2), the current chairman of
the Department of Orthopedic Surgery

at Rush, has been on the forefront of
studying the reasons behind the failures

of metal-on-metal total hips. The wear
particles, initially thought to be benign and
nonbiologically active, in some cases incite
a robust inflammatory immune response
due to the formation of reactive metal-

protein complexes known as haptens."

However, proponents of metal-on-metal
bearing surfaces, especially in the context
of resurfacing arthroplasty, argue that

a few poorly designed, subsequently
recalled components have led to unfair
generalization that metal-on-metal is an

unsuitable bearing surface. Resurfacing,
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in fact, has a rich history dating back to
the initial Smith-Peterson interposition
cup used in the 1930s and 1940s.' The
modern era of resurfacing seems to have
begun in the 1970s with cemented cobalt-
chrome stems articulating with cemented,
all-polyethylene cups. Throughout the
1980s cementless fixation was used
because some thought cement was a cause
of failure. However, by the 1990s it was
clear that polyethylene debris caused
osteolysis, and surgeons were looking for a
way to maintain the large head size while
decreasing wear and finding a way to use

a smaller acetabular component that
required less bone removal. Further, the
technical aspects of the procedure had been
improved by using a posterior rather than
transtrochanteric approach and providing
suction during cementation to allow for
better fixation. This confluence of factors
set the stage for re-emergence of metal-on-
metal as a bearing surface: it allowed for

a thin, single-component acetabular shell
that required less acetabular reaming and
had better wear properties. The improved
wear resistance and increased range of
motion available with these implants in
theory renders them an ideal choice for
younger, more active patients. Proponents
of metal-on-metal point to the excellent
reported survivorships as well as the
relative rarity and unclear consequences
of reactions induced by metal debris and
conclude that wear-related issues are due to
impropetly positioned components, not the
intrinsic properties of the bearing surface.!”

While many of the advances in the field
of THA have come from advances in
design and engineering, there have been
improvements in technique as well.
Charnley’s original surgical approach
placed the patient in a supine position
and required an osteotomy of the greater
trochanter and significant manipulation
of the operative extremity to implant

a prosthesis. As a result of these
shortcomings, the posterior approach was
developed, but this led to an increased
dislocation rate. In an attempt to remedy
this problem, lateral approaches were
developed, but these often led to delayed
recovery and limp due to abductor
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Figure 4. The current joint-replacement team at Rush University Medical
Center, from left to right: Scott Sporer, MD, MS, Aaron Rosenberg, MD,
Wayne G. Paprosky, MD, Joshua J. Jacobs, MD, Richard A. Berger, MD,
Brett Levine, MD, MS, Steven Gitelis, MD, and Craig J. Della Valle, MD.
Not pictured, Tad L. Gerlinger, MD. Photo courtesy of Allen Bourgeois.

dysfunction. Surgeons would often oscillate
between the 2 later approaches, depending
on which complication they were better
able to stomach. The direct anterior
approach has recently become increasingly
popular because it is a form of minimally
invasive surgery. Lesser known is that the
first prosthesis implanted using a version

of this approach was performed in Paris

by French surgeon Robert Judet, MD, in
1947 and called the Heuter approach.'®
While others had experimented with
decreasing incision size, the first specifically
designed minimally invasive technique

was through a 2-incision approach,'**
developed primarily by Richard A. Berger,
MD, an adult reconstructive surgeon at
Rush University Medical Center, who

later pioneered a minimally invasive
1-incision method, shown in Figure 3.
Concomitantly with the approach, he and
his team at Rush developed a more rapid
postoperative rehabilitation protocol, often
including discharge on the same day as the
surgery—a remarkable contrast to Charnley’s
regimen of many weeks in the hospital
after surgery. The 2-incision approach,
which occasionally caused femoral nerve
problems, has mostly been replaced by
minimally invasive anterolateral and
anterior approaches. The literature on the
benefits of minimally invasive arthroplasty
is inconclusive, and there are experts who
are firmly on either side of the argument
regarding both the smaller incision and

accelerated postoperative protocols, but it
is clear that these aspects of arthroplasty

are now commonplace.’!

It is estimated that 2.5 millions Americans
currently have a total hip prosthesis in
place.?? Adult reconstructive surgeons

at Rush (Figure 4) have performed more
than 18,000 hip arthroplasties over the
past three decades. Hip arthroplasty is
performed routinely in dogs and cats, and
an artificial hip has even been placed into
an arthritic, middle-aged gorilla at the
Brookfield Zoo (Brookfield, Illinois). The
Associated Press reported this landmark
event in its article “Arthritis-Crippled
Gorilla Gets New Hips From People
Doctor.”” While the article humorously
notes that the most worrisome aspect of
the surgery was the postoperative therapy,
it speaks clearly to the quality of surgical
techniques and confidence in prosthetic
design that have developed over the past
half-century. There have been setbacks
along the way, but the surgery’s prevalence
and enormous positive impact on the lives
of patients provide legitimacy to the often-
quoted claim that total hip replacement is
the orthopedic operation

of the century. O
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Six Degrees of Collaboration

A roundtable discussion about the role of
translational research in medicine, and the collaboration between
physician-researchers and basic scientists at Rush
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TALKING HEADS. Clockwise from left: Brian J. Cole, MD, MBA, director, Rush Cartilage Restoration Center; Nozomu Inoue, MD, PhD, professor
and scientist, Spine Research Laboratory; Howard S. An, MD, director, Division of Spine Surgery; Susan Chubinskaya, PhD, CIBA-Geigy Chair of
Biochemistry; and Markus A. Wimmer, PhD, associate chairman for research, Department of Orthopedic Surgery (not pictured, Craig J. Della Valle,
MD, director, Section of Research, Division of Adult Reconstructive Surgery).
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What do a spine surgeon, a sports medicine
surgeon, a joint-replacement surgeon, and
scientists in spine biomechanics, motion
analysis, tribology, and biochemistry all

have in common?

Despite having different areas of expertise,
training, and backgrounds, Howard S.

An, MD, Brian J. Cole, MD, MBA, Craig
J. Della Valle, MD, Nozomu Inoue, MD,
PhD, Markus A. Wimmer, PhD, and Susan
Chubinskaya, PhD, are actually a lot alike.

As the Rush Orthopedics Journal’s first
ever roundtable discussion gets under
way, it quickly becomes clear that one of
the most significant things they share is
a commitment to advancing orthopedic
care, and that their mutual passion for
research has led to a number of fruitful

collaborations over the years.

Chubinskaya and Wimmer are both part
of the Rush Cartilage Restoration Center,
led by Cole, where they partner on
cutting-edge cartilage research. As head
of both the motion analysis and tribology
labs, Wimmer has also worked with

Della Valle on joint implant studies,

and his labs are involved in spine
kinematics studies.

Speaking of the spine, An and Inoue are
co-investigators on numerous studies related
to intervertebral disc degeneration and
biologic regeneration, which they hope will
ultimately lead to more effective nonsurgical

treatments for this prevalent problem.

These connections, just a few among many
in orthopedics at Rush, have produced
some eye-opening, award-winning
publications. It’s not the recognition,
however, that drives translational

research and makes it so rewarding for

the 6 roundtable participants.

As they explain, it’s the relationships, the
challenges, the thrill of discovery, and—
most important—the ability to quite

literally transform patients’ lives.

AN: Perhaps the logical place to begin is
by explaining the process of translational
research. Dr Inoue, maybe you can explain
the steps involved, and the roles physicians

and researchers each play at the various stages?

INOUE: There are several steps needed for
any project: development of a new concept,
proof of the concept, feasibility and efficacy
studies, and safety studies. Although

clinicians could be involved in all of the

steps, development of a new concept, proof
of the concept, and the feasibility study are
primarily performed by basic researchers.

The efficacy study—which determines
dose effects and application, for example—
definitely needs clinical input. Because the
size and geometry of bones, ligaments,

and tendons vary significantly both

within an individual and from patient to
patient, improvement of efficacy of the
treatment is still necessary even after the
treatment modality has been approved for

clinical application.

Orthopedic surgeons often find better
application methods or ideas in the clinic,
during surgery, or during rehabilitation to
improve a treatment modality. However, to
refine, materialize, justify, and disseminate
the new method or idea, basic research is
usually required in addition to clinical

outcomes research.

AN: You bring up an excellent point. In
health care, we often talk about this concept
of “bench to bedside.” But I think a lot of
research at Rush comes about because
something we see at the bedside or in the
operating room (OR) prompts us to ask
questions of the scientists and find those
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There are only sO many patients you directly can treat, even over

a lifetime. But if you understand things, and discover things, and teach other

people things, you can really influence so many more people.

answers through research. So often,
the research actually goes from bedside
to bench.

For example, I do a lot of reconstructions of
the spine. Sometimes a screw can loosen,

or maybe a reconstruction is not healing as
well as we'd like. We look at the problem,
and then we might partner with our spine
biomechanics experts like Dr Inoue to

uncover the reason for the problem.

Another area that comes to mind is
degenerative disc disease. Spine surgeons
have some ways to tackle that problem,
including fusion and minimally invasive
procedures, but the outcomes are not as

good as we would like.

So my colleagues and I started asking, what
other ways might there be to treat that
disease? Those discussions, years ago, led

to a lot of the research we have done—
and continue to do—Ilooking at the
pathogenesis, cellular mechanisms,

and biological ways to rejuvenate or

regenerate discs.

DELLA VALLE: As is the case in spine
surgery, most of the research we do in joint
replacement is in response to specific

clinical scenarios or challenges that we face.

Because Rush is a tertiary care center, we
see a lot of complex problems—and that’s
true for all of the orthopedic specialties,
not just reconstructive surgery. This includes
patients who had standard treatments at
other hospitals that, for whatever reason,
have failed. In some situations, there simply

is not a good solution that we know of.

We’re fortunate at Rush because we have
the luxury of being able to subspecialize,
and that often gives you more time to think

about clinical problems.

In a given year, I might see 300-400
patients who need knee replacement and

— Craig J. Della Valle, MD

another 300-400 who need their hips
replaced. When I come across things that
challenge me, or where I'm struggling to
make the right decision, those are the
areas where [ might feel compelled to

do research.

WIMMER: Down in the lab, we don’t
always know where this trail begins. Can

you give an example?

DELLA VALLE: Well, we had a patient
come in a couple of years ago about 4 to

5 weeks after knee replacement because
there was concern that her knee was
infected. I saw her with one of our fellows.
I thought the wound looked fine. The
patient’s family, however, was concerned
that there was an infection; another health
care provider said it looked infected. So |
aspirated the patient’s knee, and we drew
fluid, which is one of the standard ways we

evaluate for infection.

When we get the fluid, we look at both the
number and type of white blood cells. The

Craig J. Della Valle, MD.

number we typically use to define infected
is about 3000 white blood cells. For this
patient, the fluid came back and had about
7000 white blood cells.

My fellow asked, “When are we bringing
her back to the OR?” I asked why he
wanted to do that, and he said, “There
are 7000 white blood cells.” I responded
that it had been only a couple of weeks
since surgery, and the fellow said, “So at
what number should we take her back to
the OR?” I said, “I don’t know, but I don’t
think it’s 7000.”

My fellow then asked, “When I go out

to practice in a couple of months, what
number should I use?” Well, it was a really
good question. Unfortunately, there was
not a good answer. So that inspired us to
look at the diagnosis of infection in the
early postoperative period following both
hip and knee replacement.

We did those 2 projects about 2 years apart,

and both won clinical research awards, one
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from The Hip Society, one from The Knee
Society. As usual, we found things along
the way that we really didn’t expect.

One of our most surprising findings

had to do with a simple blood test we

use to evaluate for infections, called a
C-reactive protein. I never thought it
would be a useful marker for infection early
after surgery, but it turned out to be an
extraordinarily good test for differentiating
infected from non-infected. It provides an
easy way for any orthopedic surgeon to get
the information to then decide whether or

not to draw fluid from the knee.

Patients don’t like having a needle stuck
in their knee, and there’s always a small
risk of creating a problem when you do a
procedure like that. That blood test really
helps us figure out when to draw fluid.
Then, if we do draw fluid, we now have
pretty good parameters for identifying
whether or not the person needs to be
treated for infection.

WIMMER: What did you discover was
the actual white blood cell count to

indicate infection?

DELLA VALLE: Ten thousand. And in terms
of the type of white blood cells, we look at
polymorphonuclear leukocytes, immune
cells that help fight infection. A low level

of these cells is generally an indicator of

grees of Collaboration

acute inflammation and infection.

So if you're below 10 000 white blood
cells and below 90% polymorphonuclear
leukocytes, those are good indicators that
everything is OK. If you're above those
levels, you start getting concerned that
there’s infection.

COLE: Another goal of translational
research is to assess whether a specific
therapy is something we should be using at
all. In sports medicine, we’ve come across

a number of treatments that have actually
had adverse effects on outcomes. So we dug
deeper and looked at why. In some cases,
we ended up eliminating technologies or
procedures because we found they were

unsafe or unpredictable.

One area that comes to mind is orthobiologics.
Nonsurgical management of sports injuries
has been popularized in the media and

lay press, but a lot of the nonsurgical
therapies have not been validated. We've
investigated a number of technologies that
have not yet been clinically adopted—that
are not yet ready for prime time, so to

speak—to try to determine their efficacy.

That has been the case with platelet-
rich plasma. We're also doing some stem
cell research now because it’s becoming

quite popular for various ailments—

osteoarthritis, tendon problems, and so on.

But the reality is the research that’s been
done with stem cells is, in general, quite
limited from both a clinical and a basic

science perspective.

When all is said and done, we may find
that stem cells are not as effective as other
treatments, or that they work for some
conditions but not others.

AN: I'd like to switch gears a bit and talk
about one of the biggest hurdles to this type
of research, something we are all dealing
with—funding. In the old days, we relied
primarily on National Institutes of Health
grants. But NIH funding has been reduced,

and it has become so competitive.

WIMMER: It’s a huge challenge. Far more
people are applying for NIH funding these
days, so the rejection rate has just gone
through the roof.

INOUE: Obtaining government funding
now tends to require addressing fundamental
research questions, rather than the clinical
questions that orthopedic surgeons face in
their daily clinical practice.

AN: So now we have to be more

resourceful to get our projects funded.

INOUE: Yes, most of us have to rely on a
combination of government grants and
funding from other sources, such as
industry, clinical societies, and philanthropy.
We have always had these alternative
sources, but today they represent a larger
percentage of our total funding.

COLE: It used to be that we could spend
a fair amount of time to secure large
government grants and then focus on our
work. Now, we spend more time getting
small grants, which takes investigators
away from what they do best. So we’ve
become less efficient in trying to get
funding. The sources have not dried up;
but they have changed, and they are
smaller in number.

WIMMER: And now the NIH wants

to fund only research that is clinically
meaningful. For example, our research in
joint replacement, our metal-on-metal
research, has been at a very high level
scientifically. We’ve published in Science.
This is important research.




But [ couldn’t convince the NIH that

we should further this research, because
clinically, these metal-on-metal joints had
a bad track record. Although we’d love

to continue this cutting-edge scientific
research, it doesn’t make any sense
financially because we haven’t secured

the funding.

COLE: Fortunately, in many areas of
orthopedics, grateful patients are often
very forthcoming in helping support our
research. They see that the decisions that
were made in their care influenced their
outcomes. So patient giving is really a
win-win. Their gifts enable us to improve
treatments, and they are the ones who
stand to benefit most directly from our
improved capabilities.

We're also able to get some smaller grants
from the American Academy of Orthopaedic
Surgeons, the governing body of orthopedics,

as well as from a number of specialty societies.

Finally, there is industry. The challenge
there is maintaining our independence—
exploring issues that are meaningful to us
personally—while coming up with projects
that contribute to the literature. That

said, industry funding has really enabled

us to continue research efforts into devices
and biologics that I think we otherwise
wouldn’t have been able to achieve.

DELLA VALLE: As much as industry
funding is important and helpful, it’s also
nice to have those other sources, like
philanthropy, because it gives us complete
freedom to use the funds the way we
think is best. We can have staff devote

all of their energy to answering clinically
relevant questions that we can then use

to improve outcomes.

For instance, I had a very young woman
who came into my office with a crippling
problem that stemmed from an inherited
immunodeficiency disorder. The woman
and her family said that if our team thought
there was a way to fix the problem, they
wanted us to move ahead. So we did surgery
on her. She had some hiccups along the

way, but it went well.

About a year later, I got a message from the
patient’s dad. He said, “I can’t believe how

well my daughter is doing. What can I do

for you?” I told him we do a lot of research,
and that I'd love to tell him more about

our work.

That family has been extremely generous
and has funded us for the last 5 to 6 years;
their gifts have probably enabled my team
to publish 30 papers, and about one-third
of those papers have won some type of
research award. A lot of people tend to read
those award papers. So then that hopefully
leads to more physicians being able to care
for their patients better.

Industry and NIH funding come with
strings attached. Philanthropic gifts give
us the artistic freedom to work on what
we want to work on and try to answer
questions we think are clinically relevant.

WIMMER: For me, a big problem is that
we have less preliminary funding. In the
past, we would have been able to spend a
lot more time on these projects in the early
stages and, as a result, had more pilot data
that we could use to then apply for NIH
funding. Now we have to go to the NIH
earlier, and our applications are less solid.

CHUBINSKAYA: That’s true. For instance,
when you're doing research with human
samples, whether it’s cadaveric samples or
patient samples, it’s very challenging because
the population is very heterogeneous. So you
need to have the right number of samples to
achieve statistical significance, and you would
need to do a lot of repeats of experiments. But
if funding is limited, that’s not possible.

COLE: That’s where some of the society
awards can help, like the Kappa Delta
Awards and Orthopaedic Research and
Education Foundation Clinical Research
Awards that AAOS gives annually.
Although they are relatively small,

they can enable an investigator to do
the preliminary work to become more
competitive for NIH funding.

AN: T have to say, though, that despite
the increased funding challenges, I'm
very proud of how productive we are in
our department.

We can’t predict or control what industry
or the government will do. But it’s because
of the collaboration between scientists

and clinicians that we’re able to achieve

a lot of answers and continue to advance
orthopedic care. I think that’s an important
point to make.

COLE: That’s so true. As a clinician—and
especially as a surgeon—it would be easier
in terms of the demands on your time to
not have an interest in research and not
prioritize it. Because you can’t just come up
with an idea and hand it off. The kind of
research we do requires active delegation

and participation.

I think that’s why we’ve been so successful
here. Most of the clinicians in our
department are willing to dedicate their
time and energy to research. And both
clinicians and researchers are willing to
meet face to face, walk through problems,

and work together to figure out solutions.
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We are like minded, have similar goals, and

collaborate extremely well.

CHUBINSKAYA: Driving in to work
today, I was thinking about my professional
relationship with Dr Cole. How old is

your daughter, Brian?

COLE: She’s 10.

CHUBINSKAYA: She just turned 10 in
August, right?

COLE: Right.
CHUBINSKAYA: That’s when we started

working together: a decade ago.

COLE: It’s pretty amazing. If you look at
all of the different sections within the
Department of Orthopedic Surgery and
asked how many research projects are
partnerships between physicians and
basic scientists, it’s got to be at least half

the publications.

We do a lot of clinical research, but the
best research we do is the collaborative
research. That’s what gets the most
attention, but more important, it's what
has the most significant impact on

patient care.

DELLA VALLE: [ work a lot with the Robbins
and Jacobs Family Biocompatibility and
Implant Pathology Laboratory and the
Biomaterials Laboratory. A big part of my
practice is revisions, and we take very
seriously that the scientists need those
clinical samples, those retrievals from the
OR, to evaluate.

Whenever I'm revising a failed hip that
has an interesting pathology, we try to

get samples of that tissue and fluid, as well
as the implants themselves, to Bob Urban,
who heads up the biocompatibility and
implant pathology lab, and Nadim Hallab,
director the biomaterials lab. They've
been able to use those tissues to better
understand some interesting modes

of implant failure.

Of course, it would be difficult for me to
leave the OR to bring them that sample.
But I have a full-time research fellow who
comes to the OR, and we give him the
samples hot off the press. He takes them
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directly to the basic scientists so they can

process, store, and study.

CHUBINSKAYA: Providing samples

is only part of your involvement with
research, though. It’s an important part.
But unlike many other institutions where
clinicians give a specimen to researchers
and say, “Do whatever you want with it”
without contributing intellectually, here
clinicians and scientists have harmonious

relationships on multiple levels.

We [clinicians and scientists] really are
equal contributors to many, many projects.
The clinician does not simply identify a
problem and then just hand it off. So that

is unique.

DELLA VALLE: That’s true. I'm very
hands on, and all of the research I do is
clinically relevant. I'm looking for answers
to problems I see with my patients, either
in the operating room or the clinic. If I'm
seeing these problems and struggling with
these decisions, I'm sure there are other
surgeons who are in the same boat. And we
try to tackle those problems.

Often, people ask why I study all these
complications and infections, stuff most
surgeons don’t want to investigate.

[t’s because it’s challenging to me that
things are difficult. Trying to understand
these types of problems and come up with
better ways to identify and treat them, it
helps me. And if it helps me, it should help
other doctors and their patients.

CHUBINSKAYA: We are invested in each
other’s careers and success. We are not
just colleagues; over the years, we have

become friends.

INOUE: I agree we have an excellent team
here, and that’s quite rare. And you know,
what is also unique is how many research

specialists we have here.

I have experienced both the clinical and
basic research sides of orthopedic surgery,
so that gives me a somewhat unique
perspective. I spent 11 years as division
chief of the fracture service at a university
hospital in Kyoto before I moved to Johns
Hopkins in 1992 to be a researcher, which

is also my role at Rush.

At Johns Hopkins, I used to have to work
in many different areas—mechanical
testing, imaging, animal studies, and even
histology—Dbecause there was a limited
number of specialists in biomechanics.
Here, I don’t need to work on histology
because there are histology specialists.
With so many research specialists, I

can concentrate on only what I'm

interested in.
COLE: You get to do what you do best.

INOUE: Right. And all of the laboratories
are on the same floor, so all of the scientists
can communicate very easily. But just as
important, the clinicians are also in the
same building. They are right upstairs,

so it’s easy if | have a question for them,




“In health care, we often talk about the concept of ‘bench to bedside.” But I think a lot

of research at Rush comes about because something we see at the bedside or in the operating room

prompts us to ask questions of the scientists and find those answers through research.

or they have one for me. We can meet
face to face without having to travel

acCross campus.

WIMMER: It seems the department as a
whole has more of a matrix structure rather
than just being divided up by area.

We do have the clinical subspecialties:
sports medicine; adult reconstructive
surgery; pediatric orthopedic surgery;
orthopedic oncology; foot and ankle;
hand, wrist and elbow; hip and knee;
and spine. But there is a lot of overlap,
and then the researchers are somewhat
spread throughout.

I, for instance, don’t just belong to hip and
knee replacement. My labs also do cartilage
work and kinematic studies in the spine. I
think having the specialties linked to some
extent—clinically and especially on the
research side—makes the department stronger.

AN: [ agree. What’s nice is that we hold
weekly spine section meetings, but then we
also have weekly grand rounds that include

all of the orthopedic subspecialties, and all

— Howard S. An, MD

of the section directors meet monthly. So
we interact with each other quite a bit on
a regular basis. My fellow spine surgeons
and [ have opportunities to see what our
colleagues in other areas are working on,
and they get to hear what’s new in spine

surgery.

DELLA VALLE: And it’s not just interacting
in meetings. When I’m facing a clinical
problem or have an idea, | know there are
many people within our department I can
go to for feedback. That includes the other
surgeons within my section, my colleagues
from other orthopedic specialties, and our
basic scientists.

All three of those avenues can lead to
significant changes in patient care, where
we actually find a novel solution or even
start to go in a different direction, down
another pathway that enables us to treat
the problem even more effectively.

COLE: That’s definitely a huge benefit, and
being in close proximity is really important.

But also having clinicians who are willing

to stop what they’re doing and address
research-related issues almost on the fly
makes a big difference. Sometimes, research
questions truly can’t wait. And I think our
physicians do a good job of prioritizing our

research and clinical obligations.

AN: Our department leadership has always
emphasized the importance of research.
Our chairmen, both past and present, not
only enable but encourage our faculty to
make research a high priority. That is one
of the reasons we are able to devote so

much time and energy to it.

COLE: It’s not always easy, and it’s not a
knock on those who choose not to focus
on research. The time a physician spends
on research is uncompensated. And if you
look at the pressures on clinicians, while
many have the aspirations to be engaged
in research, they may be hampered by the
demands of their practices. Or, often, their
institutions simply don’t afford them the
ability to do so.

DELLA VALLE: Many of us chose to
practice here in part because we wanted to

do research, not just operate.

CHUBINSKAYA: The research is an
intellectual challenge. It’s what makes it
exciting to come to work. I'm not saying

surgery isn’t intellectually challenging—

COLE: It is. But performing operations
is a commodity. It’s the other stuff that
differentiates you as an orthopedic surgeon.

It’s decision making.

I can tell you that most of the research

I've done has helped my decision making
in the office, when I'm talking to patients.
They ask what they can expect, and |

can tell them, “Well, this is what you can
expect because we've looked at the clinical
outcomes.” I can tell them what something

looks like histologically. I can tell them
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what it will look like biomechanically,
with some degree of predictability. Not
every surgeon has the resources to do this.

People will ask me, “Why do you spend so
much time doing research?” [ think it makes
me a far better clinician because I’'m more
engaged. And I think most of my partners
feel the same way. It helps create a life
balance. We can always be better physicians,
but the ability to have this kind of balance
is not something you can find everywhere.

DELLA VALLE: My uncle was a basic science
guy. He knew when I was in high school
that I liked science. When I was in college,

I did some research in a lab, and then I
worked with both physicians and PhDs.

When I told my uncle I was thinking
about going into medicine, he said,
“Going to medical school and being a
doctor is fine. But if you really want to
help people, remember to do research.
There are only so many patients you
directly can treat, even over a lifetime.
But if you understand things, and discover
things, and teach other people things, you
can really influence health care and help

so many more people.”

That’s why I spend so much of my time
doing research. It’s important, and it has
the potential to improve care not only
for our patients at Rush, but for patients
around the country and around the globe.

CHUBINSKAYA: We see examples all the
time of how our research is actually helping
people, making their lives better. We just
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had an experience several months ago with
one of Dr Cole’s patients. This young girl
went through so much suffering, and now
she’s doing great.

COLE: She had an osteochondral allograft
implantation. Her story is really compelling.

CHUBINSKAYA: We were trying to
explain to her the specific research we

are doing with allografts, and how what

we learned tied into the procedure that
was done to her. I don’t know how much
she understood, but you could see the
sparks and excitement. I wouldn’t be
surprised if she ends up pursuing a career in
orthopedics because of her experience.

COLE: I have dozens of young people who
end up going into medicine because of
their experiences with injuries or health
conditions in their youth. This girl was
only 18 when she first came to see me, but
she’d already had 20 surgical procedures.
She had given up sports and exercise.

It was heartbreaking.

WIMMER: The point is not just that

we were able to treat her, or that she

had an excellent outcome. It is how

much translational research—how many
different studies—Iled up to the 45-minute
operation Dr Cole performed to implant an
osteochondral allograft in this patient.

COLE: The procedure itself was relatively
routine. But that was not the case with
making the decision to do it: Why did we
decide to use this procedure vs. another?
Because we had data that showed it was the
best option for her; we’ve shown there’s a
72% graft survival rate at 10 years.

Echoing what Dr Wimmer just said: When
you consider the scope of research that
ends up going into not just this case, but
every case, how many people are involved?
To be honest, the most trivial part is
surgically implanting the graft. O

See the article on page 12 to read more of how
10 years of translational research at Rush
helped give this young patient her life back.




‘Midwest Orthopaedics at Rush specialists are leading

the way in the development and refinement of cutting-edge treatments

that benefit patients at Rush—and around the globe.”

A Tradition of Excellence

Midwest Orthopaedics at Rush (MOR)

is a private practice medical group whose
fellowship-trained physicians are on the
faculty of Rush University Medical Center
in Chicago. With MOR based primarily

at Rush, our renowned surgeons and
physicians have access to all the resources
of a world-class academic medical center,
including the state-of-the-art operating
rooms in Rush’s new hospital.

Throughout MOR's history, our surgeons
and physicians have been on the cutting
edge of orthopedic care, pioneering a
number of the procedures and therapies

used to treat patients today—from
cementless implants, to minimally
invasive surgery for spinal deformities and
degenerative disk disease, to expandable
prosthetics that help children with bone
cancers avoid amputation. That spirit

of innovation continues today, as MOR
specialists are leading the way in the
development and refinement of advanced
treatments that benefit patients at Rush—
and around the globe.

Physicians from MOR also hold key
leadership positions in national societies

and organizations. An example is Joshua

J. Jacobs, MD, who is the 2013-14 past
president of the American Academy of
Orthopaedic Surgeons. MOR physicians
also serve as the team physicians for a
variety of professional, collegiate, and
high school teams and clubs, such as
the Chicago Bulls, Chicago White Sox,
Chicago Fire, and DePaul University.

These impressive clinical, research, and
administrative activities distinguish the
orthopedics program at Rush as one of
America’s best. In 2015, U.S. News &
World Report ranked our program No. 6

in the nation.
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