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Statement from the Chairman
It is my pleasure to present Volume III of the Temple University School of Medicine Department of 

Orthopaedic Surgery and Sports Medicine Journal. In addition to the collaborative efforts of our basic 
science and clinical research activity, this year’s Journal includes a section dedicated to medical student 
projects. It has been exciting to see the enthusiasm among our medical students to participate and contrib-
ute to Orthopaedic research here at Temple.

Things on campus continue to move forward with both the Temple University School of Medicine 
and the Temple University Health System. The construction of the new medical school is on time and will 
be operational for the 2009–2010 academic year. On the hospital side, the Department of Orthopaedic 
Surgery and Sports Medicine is to play a major role in the reuse of the building that formerly housed the 
Children’s Medical Center. It is anticipated that clinical operations will move into renovated space in the 
Boyer Pavilion along with Neurosciences and Rheumatology to create a Musculoskeletal and Neurosci-
ences Center. We will also be moving into the operating suites in the Boyer Pavilion and inpatients will be 
placed on fl oors in the building dedicated to Orthopaedics. We anticipate that this will greatly enhance our 
ability to deliver excellent levels of care to our patients.

The Department of Orthopaedic Surgery and Sports Medicine here at Temple University continues to 
take great pride in its tradition of excellence in clinical service, education and research. I would like to 
acknowledge the Temple/Shriners Orthopaedic Alumni Association and The John Lachman Research 
Foundation for their continued support of resident education. I would also like to express my gratitude to 
Drs. Joseph Torg, MD, Saqib Rehman, MD, Asif Ilyas, MD and Simon Chao, MD, for their tireless efforts 
in making this Journal a continued success.

On a sad note, as most of you know, John W. Lachman, MD, passed away this past fall. His memory 
is eloquently eulogized by Philip D. Alburger, MD, in a section of this Journal. We will all miss his pres-
ence greatly and will realize, perhaps now more than ever, the impact he has had on all of us associated 
with Temple Orthopaedics. I am honored and proud to be enabled as one of his successors to attempt to 
carry on the standards that he set for Orthopaedic education and training.

Joseph J. Thoder, MD
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Letter from the Dean

A Spectacular New Home for Temple University School of Medicine

The future is now — and Temple University School of Medicine is ready.
We have a full year behind us with our innovative and integrated curriculum. We have attracted 262 

additional faculty members from leading institutions around the country and the world over the past four 
years. We are operating nine world-class, multi-disciplinary research centers, and our overall research 
enterprise is growing by leaps and bounds. Our reputation as a premier urban medical school is growing. 
We are attracting sharper and more socially conscious students every year.

We have broken ground for a spectacular new home for the school. Its impact will be nothing short 
of transformative. At a projected cost of $150 million, the 11-story structure rising on the northwest corner 
of Broad and Tioga Streets, just north of the existing complex, is the largest capital project in the history 
of Temple University — and the fi rst new medical school building to be constructed in nearly 40 years. 
Slated to open in 2009, the new building will become the primary site of teaching and research within the 
school. It will stand as a striking symbol of Temple’s commitment to teaching the medicine of tomorrow 
— today. Most important, it is designed to meet our needs well into the future, supporting the continued 
evolution of medical education.

With more than 301,052 net square feet of space, the new building will alleviate the severe space 
constraints under which the school has operated for many years, providing a truly state-of-the art setting 
for teaching, learning, and research. Its fl exible, open design will house 100,010 square feet of academic 
space, 157,920 square feet of research space, and 43,122 square feet of public and support space, increas-
ing the school’s capacity for further creativity and innovative teaching and research. This facility is going 
to have a profoundly positive impact by recruiting stellar faculty and students, making Temple more 
attractive than ever.

Among the scores of features and facilities to support academic and community life in the new struc-
ture are high-tech dry labs that can simulate wet lab experiences. A wired and wireless infrastructure will 
support the latest educational technologies. The classrooms, able to facilitate large lectures, may be quickly 
reconfi gured for small-group sessions. The new library within the building will serve not only students and 
faculty in medicine but also Temple’s programs in pharmacy, dentistry, nursing, and related health profes-
sions, further facilitating the interdisciplinary nature of contemporary health sciences. An attractive café, 
a spacious and comfortable lobby, and ample study and meeting space will support the community life of 
the school. A glass-enclosed collaborative learning and research tower will house a series of stacked, 
multi-purpose rooms that can be used for teaching, meetings, offi ce space, instructional support, study 
space or dining. The third-fl oor bridge, connecting the new building with the old, will breathe new life into 
Kresge Hall, allowing the older building to be used in concert with the new.

Seven fl oors of the new building are dedicated to research: 157,920 square feet of open, airy space, 
adaptable to projects both large and small, of short duration or long, and with input from a single discipline 
or a collaboration among many. Open, fl exible laboratories will mark a signifi cant shift in the research 
culture toward collaboration and interdisciplinary study, supporting current trends toward interdisciplinary 
and translational (bench to bedside) research.

The building’s glass exterior and soaring atrium will be a spectacular landmark for the approximately 
10,000 people who traverse Broad Street every day. It is more than just a wonderful structure; it’s a real 
home for our thriving community. Where do blueprints end and professions begin? When is a building just 
a building or something more — an institution, a place of rich tradition and promise, a school, a home? It 
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is time for Temple University School of Medicine to have facilities that are commensurate with the quality 
of our faculty, students, research enterprise and curricula.

I am enormously excited about this new home for our school, and am enormously proud of our 
 students and faculty. What they have accomplished in cramped, outdated quarters for so many years is 
remarkable. Imagine what will happen when we really have the space to spread our wings.

John Daly, MD
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Letter from the President of Temple University
The start of a new year brings opportunities for the students, faculty and staff at Temple University. 

On campus and in the community, Temple is thriving.
With the fi nal structural beam set in place on November 9, the new School of Medicine building is 

one step closer to transforming medical education at Temple. The building, the largest capital project in 
Temple’s history, is on track to be completed in May 2009. When fi nished, its 480,000 square feet will 
double the amount of space used by medical faculty and students. The addition of 110,000 square feet of 
research labs will allow the university to recruit new faculty members and expand class size. Including a 
recent $1 million challenge grant from the Kresge Foundation, Temple’s fundraising efforts for the project 
have reached approximately $25 million. Our initial goal — $30 million — is now clearly in sight.

In other Health Science Center news, Temple University Hospital (TUH) was named an American 
Society for Metabolic and Bariatric Surgery, Bariatric Surgery Center of Excellence. To earn a Center of 
Excellence designation, TUH underwent a series of site inspections where all aspects of the program’s 
surgical processes were examined closely. The ASMBS Center of Excellence designation recognizes sur-
gical programs with a track record of favorable outcomes in bariatric surgery.

Gary Foster, director of the Center for the Obesity Research and Education (CORE) and professor of 
medicine and public health at the College of Health Professions and School of Medicine, was appointed 
president of the Obesity Society for 2008. Dr. Foster, renowned obesity researcher who investigates the 
behavioral and biological effects of dieting and weight loss, has brought several ongoing National Insti-
tutes of Health studies to Temple that total more than $4 million per year.

On a sadder note, this season we mourn the passing of a devoted and inspiring leader. President 
Emeritus Marvin Wachman passed away on December 23. As the sixth president of Temple University 
from 1972–1983, President Wachman was best known for improving facilities, community relations and 
fi nances. During his tenure, he eliminated Temple Hospital’s $50 million debt, oversaw the co-existence 
of a faculty union with a viable faculty senate and launched a centennial fundraising challenge. During 
retirement, President Wachman served as professor emeritus in the history department and honorary chan-
cellor of the university. He and his wife, Adeline, recently pledged $1 million to support the Marvin Wach-
man Director of the Center for Force and Diplomacy Fund. I know the entire Temple community joins me 
in mourning this tremendous loss and extending condolences to the Wachman family. Temple will cele-
brate President Wachman’s life and many contributions at an event being planned May 13.

I hope you enjoy reading about the remarkable progress of Temple University. With your continued 
support, there is no limit to what this university can achieve in the coming year.

Ann Weaver Hart, PhD
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Letter from the Editor-in-Chief
We are proud to present the third volume of the Temple University Journal of Orthopaedic Surgery 

and Sports Medicine. In keeping up with the tradition of our past editions, this year’s Journal represents a 
culmination of research endeavors within Temple University pertaining to the fi eld of Orthopaedic Sur-
gery and Sports Medicine. It is representative of the tireless efforts and burgeoning research endeavors of 
our Department. 

In this edition, we have continued to work on including articles that encompass a broad spectrum of 
topics related to orthopaedics. We have compiled research from within our department with contributions 
from the Departments of Anatomy and Cell Biology, Physical Therapy, and Kinesiology at Temple Uni-
versity. Also, new to this year’s volume is a section in our Journal dedicated to research sponsored by our 
Offi ce of Clinical Trials, which sponsored research fellowships to medical students for academic research 
over the academic year.

There have been many signifi cant milestones and events within our department in the past year which 
are chronicled in this year’s Journal. With the passing of John Lachman, MD, the second Chairman of our 
Department, we mourned the loss of a great mentor, educator, and friend to innumerable people. It is his 
life that has inspired thousands of orthopaedic surgeons around the country, and we hope to carry on the 
tradition of excellence as the Department continues to strive towards new goals and heights in upcoming 
years. This volume of the Journal is dedicated in memory of this great man.

Finally, the entire editorial staff would like to thank the authors and reviewers for their contributions 
to this year’s publication. Each individual who has participated in this year’s Journal has devoted valuable 
time and energy to this project that has resulted in the work which you now hold. We are grateful to the 
advertisers and to the John Lachman Society for the fi nancial support of our project, and recognize that 
without their support, this endeavor would not be possible. 

On behalf of the editorial staff of the Temple University Journal of Orthopaedic Surgery and Sports 
Medicine, we hope you fi nd this issue a pleasure to read.

Sincerely,

Simon Chao, MD



x

LATCH IN HIS TEACHING MODE: Charlie Parsons’ excellent drawing depicting “Latch in his 
teaching mode” has been adopted as the Society’s logo. We are happy to inform that those who have 
accepted membership in the Society with a monetary commitment have received prints of Charlie’s draw-
ing autographed by Latch and suitable for framing. 
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Message from the John Lachman Society
The John Lachman Society was founded in 2004 to honor Dr. Lachman and propagate his principles 

of integrity, teaching, and excellent patient care. The Society will also provide discretionary funds for the 
Chairman to promote and support the academic mission of the Department including student and resident 
research. The mechanism to accomplish these goals will be through the Society’s support of the John 
Lachman Orthopedic Research Fund (JLORF), incorporated in Pennsylvania as a non-profi t corporation. 
The Internal Revenue Service has determined that The John Lachman Orthopedic Research Fund is exempt 
from federal income tax under 501 (C) (3) of the Internal Revenue Code and that contributions to the fund 
are tax deductible.

The mission of The John Lachman Society is twofold: 1) to promote the Lachman principles of integ-
rity, resident training, and quality patient care by various proactive means and programs; and 2) to provide 
discretionary funds for the chairman to foster and support both the academic and research mission of the 
Department. Of the total contributions received in any calendar year, 75% will be invested in an endow-
ment to be determined by Finance Committee with the approval of the Board of Trustees and 25%, plus 
interest on the endowment, will be used to support the aforementioned mission. Proposals for appropria-
tion of funds may be initiated by Executive Committee, working committees of the Society, or the Chair-
man and will require the approval of both the Chairman and 51% of the Board of Trustees or two-thirds of 
the Board of Trustees.

Membership in The John Lachman Society will include the following groups and initiation contribu-
tion levels:

1) Physician group — $5,000.00 over fi ve years;
2) Scientists and allied health professionals — $1,250.00 over fi ve years;
3) Friends of John Lachman — $5,000.00 over fi ve years.
Once an individual has met his or her initiation contribution, he or she will be a member in perpetuity. 

It is anticipated that contributions to the fund will also be forthcoming from satisfi ed patients and members 
of industry. Checks should be made payable to The John Lachman Orthopedic Research Fund and for-
warded to P.O. Box 7283, St. Davids, PA 19087.

Those interested in membership in The John Lachman Society should contact the Chairman of the 
Membership Committee, Philip Alburger, MD, c/o The John Lachman Society, P.O. Box 7283, St. Davids, 
PA 19087.
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JOHN LACHMAN SOCIETY MEMBERSHIP

Philip Alburger, MD Pekka Mooar, MD
Mohammed-Tarek Al-Fahl, MD Ray Moyer, MD
Henry Backe, Jr., MD Stephen Orlevitch, MD
Stephen Bair, ATC Charles Parsons, MD
Richard Boal, MD Kenneth Peacock, MD
Barry Boden, MD John Pell, MD
Christopher Born, MD Edward Resnick, MD
Jim Bumgardner, MD Robert Richards, Jr., MD
Patrick Carey, MD James Rogers, ATC
John Casey, Jr., MD Michael Romash, MD 
Michael Cavanaugh, MD Jeff Ryan, PT, ATC
Eugene Chiavacci, MD Anthony Salem, MD
David Clements, MD Richard Sandrow, MD
Charles Cole, Jr., MD Samuel Santangelo, MD
William Cox, MD H. William Schaff, MD
William DeLong, MD Joseph Scornavacchi, MD
Ellen DeGroof, MD Gene Shaffer, MD
Douglas Ditmars, MD K. Donald Shelbourne, MD
Kevin Flynn, MS Michael Sitler, PhD
Kristine Fortuna, MD Gary Smith, MD
John Gottlieb, MD Charles Springer, MD
Stephen Heacox, MD John Stelmach, MD
James Hurley, MD Zigmund Strzelecki, MD
David Junkin, MD Robert Sutherland, MD
David Junkin, Jr., MD Joseph Thoder, MD
Michael Kalson, MD Joseph Torg, MD
John Kelly, IV, MD Bruce Vanett, MD
E. James Kohl, MD John Van Orden, MD
John Kolmer, Jr. John B. Webber, MD
Kevin Kolmer Albert Weiss, MD
Matthew Landfried, MD Paul Weidner, MD
Michael Larkin, MD F. Todd Wetzel, MD
John Lehman, MD Gerald Williams, MD
Frederic Liss, MD Steven Wolf, MD
Robert Lykens, MD John Wolf, MD
Owen McIvor, MD Thomas Yucha, MD
James McLamb, MD

RESIDENT RESEARCH SUPPORT: The following resident research projects have been or are 
currently being supported by The John Lachman Orthopedic Research Fund:

 1) Anbari, A: “The Relationship Between Posterior Shoulder Capsular Tightness and SLAP 
Lesions.”

 2) Hsu, V.: “Elastic Instability, Columnar Buckling, and Orthopedic Injury.”
 3) Yucha, D.T., Junkin, D.M., Ilyas, A., D’Addesi, L.L., Purchase, R.J.: “Evaluation of the Rela-

tionship of the Dorsal Sensory Branch of the Ulnar Nerve to the 6U and 6R Arthroscopic Portals 
— An Anatomic Study.”
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 4) Junkin, D.M.: “The Arthroscopic Anatomy and the Closure of the Rotator Interval.”
 5) Junkin, D.M., D’Adessi, L.L.: “Distal Radio-ulnar Joint Subluxation Resulting from Proximal 

Migration of the Radius — Defi ning the Pathologic Lesion and Treatment.”
 6) Purchase, R.J., Hsu, V.: “12–15 Year Follow-up of High Density Polyethylene Prosthetic Ante-

rior Cruciate Ligament Reconstruction.”
 7) Reish, M.: “Intermediate Term Results of Arthroscopic Cuff Repair: Correlation of Outcome and 

Degree of Humeral Head Coverage.”
 8) Reish, M.: “Outcome of Arthroscopic Repair of Massive Rotator Cuff Tears.”
 9) Hsu, V.: “Functional Outcomes Following Radial Head Replacement.”
10) Ilyas, A.M.: “Intramedullary Fixation of Distal Radius Fracture: A New Technique for an Old 

Problem.”
11) Matullo, K.S., Sewards, J.M.: “ Proximal Carpectomy: A Novel Surgical Technique.”
12) Chao, S., Yucha, D., Thomas, S.: “The Effects of Scapular Fatigue on Shoulder Motion.”
13) Chao, S., Thomas, S., Yucha, D: “The ‘Bear Hug’ Test in Detecting Upper Subscapularis Insuf-

fi ciency — An EMG Study.”
14) Matullo, K., Codjoe, P.: “Refurbished Drill Bits: Effectiveness in the Operating Room.”
15) Matullo, K., Ilyas, A., Thoder, T.: “First Carpometacarpal Arthroplasty: A Review of Treatment 

Options and Introduction of a Limited Incision Technique.”
16) Matullo, K., Samdani, A., Betz, R.: “Low Back Pain and Unrecognized Cobb Syndrome in a 

Child Resulting in Paraplegia.”
17) Matullo, K., Sewards, M., Coll, A., Thoder, J.: “Proximal Row Carpectomy: Clinical Evaluation 

of a Novel Surgical Technique.”
18) Matullo, K.: “A First Rib Ligament as a Potential T1 Nerve Compression Point.” 
19) Purchase, R., Stearne, D., Torg, J.: “Fourteen Year Prospective Results of a High Density Poly-

ethylene Prosthetic Anterior Cruciate Ligament Reconstruction.”
20) D’Addesi, L., “Biceps to Triceps Transfer for Elbow Extension in Persons with Tetraplegia.”
21) MacIntyre, N., Rehman, S.: “Intra-Articular Civilian Gunshot Wounds to the Knee: Initial Man-

agement and Early Treatment.”

WEBPAGE: The John Lachman Society web page can be entered at www.johnlachmansociety.org.

JOHN LACHMAN LECTURE: The inaugural John Lachman Lecture was held in conjunction 
with the Pennsylvania Orthopaedic Society annual meeting on Friday, November 11, 2004 at the Bellevue 
Hotel in Philadelphia. David Apple, MD, medical director of the Shepherd Spine Center in Atlanta, Geor-
gia presented “Practical Ethics in Orthopedic Practice.” Dr. Apple is a member of the Academy’s Commit-
tee on Ethics and has published on the subject matter.

John Bergfeld, MD, Medical Director of the Cleveland Clinic Sports Medicine Program presented 
the second annual John Lachman Lecture entitled “Should the Team Doctor Pay to Play?” at the annual 
meeting of the Pennsylvania Orthopaedic Society in Pittsburgh on November 18, 2005. The lecture format 
was pro-con and John was suitably provoked by Joe Torg. We believe that this is a timely topic with pro-
found ethical implications. The Pennsylvania Orthopaedic Society has made this lectureship a permanent 
part of their annual meeting itinerary.

The Third Annual John Lachman Lecture was presented by Michael A. Smerconish, well known 
radio talk show host, Philadelphia Inquirer columnist, and author of “Flying Blind” and “Muzzled.” In 
addition, he is a frequent guest on several of the nationally televised news commentary shows. In view of 
the fact that most orthopedic surgeons are primarily pre-occupied with such matters as the anterior cruci-
ate ligament, total joint arthroplasty, and tort reform, it seemed appropriate to indulge in matters of public 
policy and in the arena, Smerconish excels. The title of his talk was “Fifteen Points of Current Interest.” 
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The venue for the talk was the Friday luncheon at the fall meeting of the Pennsylvania Orthopaedic Soci-
ety, before a capacity audience in the ballroom at the top of the Bellevue. Smercornish opinioned on fi fteen 
topics: Smerconish’s talk was well delivered, well received, and refl ected most favorably on the John 
Lachman Society!

Murray J. Goodman, MD, a member of the AAOS Committee of Professionalism, presented the 
Fourth Annual John Lachman Lecture. Dr. Goodman related how, in 2004, the Board of Directors of the 
Academy charged a group of orthopedic surgeons to develop procedures to review, hear, and adjudicate 
grievances between Fellows resulting from orthopedic expert witness testimony. The group broadened this 
charge and produced Standards of Professionalism which established mandatory, minimum levels of 
acceptable conduct for AAOS Fellows and Members that include: services provided to patients; profes-
sional relationships; expert witness testimony; research and academic responsibilities; advertising by 
orthopedic surgeons; and confl icts of interest with industry. Dr. Goodman’s lecture was well received and 
clearly in keeping with the Lachman principles of integrity, education, and excellent patient care.

RESIDENTS DISSERTATIONS: The third annual John Lachman Society Research Day was held 
on April 14, 2007. Five resident research papers were presented. Kris Matullo was awarded $500 for best 
paper entitled “A First Rib Ligament as a Potential T-1 Nerve Compression Point.” Lenny D’Addessi was 
awarded second place and $300 his paper “Biceps to Triceps Transfer for Elbow Extension in Patients with 
Tetraplegia.” Robert Purchase was awarded third place and $200 for his paper “Fourteen Year Prospective 
Results of a High Density Polyethylene Prosthetic Anterior Cruicate Ligament Reconstruction.”

TEMPLE UNIVERSITY JOURNAL OF ORTHOPAEDIC SURGERY AND SPORTS MEDI-
CINE: A major accomplishment of the society was sponsorship of the second annual Temple University 
Journal of Orthopaedic Surgery and Sports Medicine. Forty-fi ve hundred copies of the journal were dis-
tributed to members of The John Lachman Society, Temple University medical faculty and key University 
Administrators, members of the Pennsylvania Orthopaedic Society, Temple University School of Medi-
cine alumni who trained elsewhere in orthopedic surgery, Chairman and Directors of orthopedic programs 
with residency training programs, selected members of the general orthopedic community including all 
members of the American Orthopedic Association, selected members of the National Athletic Trainers 
Association, and selected referring physicians. The Journal was well received and we believe clearly 
established the creditability of our academic program.

RESIDENTS LIBRARY SUPPORT: In keeping with the request of the Director of the residency 
program, The John Lachman Orthopedic Research Fund is committed to a $2,500 year expenditure for 
texts and other educational materials.

SYNTHES AWARD: Synthes has again for 2008 awarded The John Lachman Orthopedic Research 
Fund $20,000 to support the research and academic activities of the Department of Orthopedic Surgery.

FINANCIAL SUMMARY: Since its inception in 2005, the JLS has exceeded expectations in gen-
erating contributions to the JLORF suffi cient to cover the Fund’s operating expenses and has increased its’ 
endowment, now over $175,000. Outstanding pledges in excess of an additional $200,000 bring the endow-
ment to thirty-fi ve percent of our goal of $1,000,000, which, conservatively invested, should yield enough 
money to carry our current level of annual expenses in perpetuity. This provides resources to the Depart-
ment of Orthopedic Surgery at Temple University School of Medicine for research funding, resident edu-
cation-related travel expenses, and publication of this Journal for the foreseeable future.

Joe Torg, MD
Secretary
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John W. Lachman, MD

In Memoriam
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John W. Lachman, MD
1919–2007

Delivered as a eulogy for Dr. Lachman on October 18, 2007 at Villanova University, St. Davids, PA.

Today, we mourn the passing of John W. Lachman, MD, distinguished Professor of Orthopaedic Sur-
gery at Temple University School of Medicine and Chairman of the Department of Orthopaedic Surgery 
for more than 30 years. During that time, he was responsible for the education of over 200 orthopaedic 
surgeons and contributed to the education of thousands of medical students who are now physicians. He 
has already been memorialized professionally in many ways. His dedicated portrait hangs in a place of 
honor in the medical school. The Chair in Orthopaedics has been endowed in his name. He will be honored 
with the construction of an auditorium bearing his name in Temple’s new $150,000,000 medical school 
scheduled for completion in 2009. He is also memorialized by the John Lachman Society, inspired by his 
principles of excellence in patient care, dedication to teaching, and the highest standards of medical ethics. 
His name is also universally recognized in orthopaedics around the world because of his innovation of the 
most reliable physical diagnostic maneuver for determining the presence of a torn anterior cruciate liga-
ment. Yes, every time we see a team physician or trainer rush to the aid of a fallen athlete with a knee 
injury, we can consider it a tribute to Dr. Lachman since we can be sure that they are employing the maneu-
ver which bares his name, the “Lachman Sign.”

The facts and comportment of his life reveal some of the characteristics that made him so exceptional. 
He was always a diligent student blessed with a brilliant intellect. This became evident early on when he 
skipped third grade and fi nished grammar school early. As the top student in his high school’s graduating 
class, he won a scholarship to Temple University. It was the Depression and times were tough, so he 
always appreciated the opportunity that Temple had given him to continue his education. Following col-
lege, he matriculated at Temple University School of Medicine, which he completed in three years and 
where he was again fi rst in his class. There he met fellow student and life long friend, John Kolmer. A 
medical school professor of theirs whose name I don’t know, but only the fact that they referred to him as 
“shifting dullness,” continually irritated John by referring to him as Latchman rather than Lachman. Dr. 
Kolmer undoubtedly sensing a weak spot, immediately dubbed him “Latch” and it stuck. Here began a life 
long friendship. The Kolmers got a Godfather for the ages and Latch got another wonderful family to be a 
part of. For even though he never married, I considered Latch to be among the fi nest family man I’ve ever 
met. He was devoted to the Lachman families and all their children, and was also a surrogate member of 
the families, of many friends, former residents, students and patients. He may have been too busy to go to 
all of their cocktail parties, but if any of them had family members that were in trouble, or had any sort of 
problems, Latch would always be there to comfort and help. By the measure of the saying a “friend in need 
is a friend indeed,” Latch was the best friend you could ever have. 

His family and friends, however, were not the only benefi ciaries of his extraordinary thoughtfulness 
and generosity. Latch seemed to make time for everybody, and had an inclination to help anyone in dis-
tress. If there was a patient left in the clinic at the end of the day without a ride home, Latch would drive 
him there himself. I know he once gave $2,000 to one of our trainers who wanted to go to physical therapy 
school, but could not afford it. Latch said, “I want him to be able to get his education.” He gave money to 
a young caddy that was having diffi culty getting to school and work because his car broke down. He gave 
fi nancial assistance to his former maid when her family was in diffi culty. He reduced his own salary so 
some of his staff could get raises. He is the only man I know who actually paid sticker price for a car 
because he liked the salesman. He gave of his time and resources routinely in many ways to those without 
the fi nancial, social or political capital, to ever be able to repay him. He never wanted recognition. Among 
his peers, students, family and friends, he is universally respected as one of the fi nest gentleman that they 
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have ever encountered. But among all the benefactors of his virtues, the most fortunate may have been 
those of us who were nurtured by him as orthopaedic surgeons. To know him as he was, as a physician, the 
profession to which he devoted his life, was a stroke of extraordinary good fortune. He was the consum-
mate clinician and a meticulous surgeon who seemed to make a personal connection with almost every 
patient. I was once treating a very urbane infl uential patient of Dr. Lachman’s in his absence who was 
extolling Latch’s praises, so I asked him what he thought made Latch so special? I expected him to men-
tion Latch’s extraordinary clinical acumen, but he replied “his humanity.” When Latch injected a patient’s 
knee, the benefi cial effects lasted at least three months. When I, in his absence, would do the same to the 
same patient in exactly the manner that he taught us, they would return in three weeks to have it done 
properly by Dr. Lachman. 

Talk about having presence. His patients loved him, and medically, it was as if he were a walking 
placebo effect. In addition to patient care, he had a passion for teaching, sharing his wisdom and knowl-
edge with his students and residents. He was a true mentor and treated every resident as one of his sons. 
He tended to be extremely tolerant and forgiving of all sorts of our individual failings and idiosyncrasies. 
However, in matters of patient care and learning to be a skilled and gentle surgeon, he was an unrelenting 
task master in his demand for excellence and attention to detail. There was no escape from accountability. 
“It didn’t just break.” The aphorism went, “the road to failure is paved with blocks of sorries.” If you made 
a mistake and said you were sorry, he would reply, “that makes no difference to the patient.” You have to 
be more thoroughly prepared. If a resident failed to go to the emergency room to see a patient in a timely 
fashion, and the “man” as he was known found out about it, he might say something like, “Ed, I realize 
you were tired, but please if you ever fi nd yourself in a situation where you can’t make it to care for one 
of our patients, you must call me and not deny me the opportunity of coming in and caring for them prop-
erly myself.” The problem with this type of scenario was that you knew that he meant it. This was not some 
sloganeer. This was not a detached administrator expositing a principal of patient care from a manual. This 
was a totally involved dedicated leader who never asked you to do anything he wouldn’t do himself. He 
taught not by pontifi cating or admonishing, but by example. He simply expected us to meet the same stan-
dards to which he held himself, and he never had a self-serving motive or personal ambition. The single 
premise was to be totally responsible for all aspects of patient care. Consequently, he spoke with the com-
manding moral imperative of the only true authority, the authority to serve. 

What motivates a man such as this? He certainly wasn’t motivated by money. He cared nothing for 
fame or popularity. I think it might have something to do with the response I heard him give to an 85-year-
old woman at the Waterford. She knew that he was a daily communicant and was never without his rosary. 
She said, “John, you are truly a holy man.” He responded, “I’m not holy but I am trying to be.” He was an 
ideal role model having led an impeccable life both professionally and personally. All of us who have 
studied under him, stand in awe of him and his level of excellence. We share a fraternal bond, for only 
having been taught by him could you possibly realize how much he cared for each and everyone one of us. 
We are in a sense “Latched” together. His departure leaves a huge void, for we know that we will not see 
another one like him come along in our life times. So it’s time to see if the mentoring worked and we are 
left the daunting prospect of trying to emulate him so that his principals can endure. When I think of Latch, 
I’m fi lled with a great sense of gratitude to him for all he did for us, and to the good Lord for allowing us 
to have him for so many wonderful years. May he rest in peace.

Philip Alburger, MD
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Artist Rendition of the New Temple University School of Medicine
(Under construction — to be completed in 2009.)
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John Lachman, MD ’43
Medical School Building Capital Fund

Honor Roll

The follow individuals are major donors to the John Lachman Auditorium:
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Commentary

Critical Analysis of the Institute of Medicine 
Report on “Medical Errors”

JOSEPH TORG, MD

The purpose of this communication is to present a critical 
analysis of the report issued by the Institute of Medicine 
(IOM), a body chartered by the National Academy of Sci-
ences, entitled “To Err Is Human: Building a Safer Health 
System.” The release of this report stating that “at least 
44,000 Americans die each year as a result of medical errors” 
and that “the number may be as high as 98,000” has resulted 
in front page media treatment, congressional and industry 
interest, and has served as a propaganda battle cry for some. 
It is my view that this report is grossly misleading, inaccu-
rate in substance, infl ammatory in nature, and portends a 
political agenda by demeaning the medical profession.

In the preface, William C. Richardson, PhD, Chairman of 
the Committee on Quality of Healthcare in America, makes 
several statements that deserve consideration. First, he states, 
“When agreement has been reached to pursue a course of 
medical treatment, patients should have the assurance that it 
will proceed correctly and safely so they have the best chance 
possible of achieving the desired outcome.” Second, he 
states, “the healthcare delivery system is rapidly evolving 
and undergoing substantial redesign, which may introduce 
improvements but also new hazards.” There is full agree-
ment with these two statements. To be disputed and not sub-
stantiated by a critical analysis of the report is his position 
that “errors are responsible for an immense burden of patient 
injury, suffering, and death.” This report lacks any semblance 
of scientifi c validity and is completely devoid of credible 
data to substantiate this conclusion. Simply put, the docu-
ment constitutes a gross misrepresentation of the subject 
under consideration.

Completely lacking original data, and primarily relying 
on two previously published studies by the Harvard Medical 
Practice Study (HMPS) and a Utah and Colorado Hospital 
Survey (UC), sweeping recommendations are proposed 
predicated on the assumption that medical errors result in 
somewhere between 44,000 and 98,000 hospital deaths in 
the United States each year. Clearly, what has transpired is a 
combination of a subterfuge of semantics, exclusion of sub-
tle but important nuances stated in the referenced reports, 
and extrapolation of referenced data that is clearly inaccu-
rate, invalid, and not scientifi c.

A consideration of the semantics involved is crucial in 
determining and/or refuting the validity of the assertion that 
between 48,000 and 98,000 patients died as a result of medi-
cal errors while hospitalized. Error, as understood by the lay 

public, is clearly defi ned in Webster’s Standard Dictionary 
as “something incorrectly done through ignorance or care-
lessness.” The IOM bases their report on a defi nition of error 
“as a failure of a planned action to be completed as intended 
or the use of a wrong plan to achieve an aim.” Clearly, the 
IOM’s purpose of redefi ning this common term must be 
questioned. More striking is the fact that the two referenced 
studies on which the IOM report is based refer to adverse 
events, which they defi ne as “an injury resulting from medi-
cal intervention . . . not due to underlying condition.” Impor-
tantly, these articles further point out that “many patients 
who died after an adverse event had very serious underlying 
disease, and several surely had short life expectancies inde-
pendent of their iatrogenic injury.” The disparity between the 
assertion of 98,000 deaths due to “error” and deaths due to 
adverse reactions and their contributing underlying disease 
are neither delineated, nor dealt with.

A review of the two reports that the IOM based their asser-
tion and conclusions regarding the occurrence of “medical 
errors” reveal them to be limited to retrospective chart 
reviews of hospitalized patients. Those of us involved in 
clinical studies are well aware of the unreliability and pitfalls 
associated with retrospective chart reviews. A credible and 
authoritative study must necessarily involve a prospective 
design and direct patient evaluation. In the studies that the 
IOM relied on, not one patient was interviewed, examined, 
or subject to a coherent evaluation. It is my view that the data 
relied upon is, for all intents and purposes, worthless.

The IOM determination of yearly occurrence of deaths 
due to medical errors is, to say the least, without logic. Bas-
ing their estimates on the UC and HMPS reports, it is stated 
that adverse events occurred in 2.9% and 3.7% of hospital 
admissions, respectively. It is stipulated that not all of these 
adverse events, defi ned as injury caused by medical manage-
ment, were the result of error and “did not necessarily signal 
poor quality care.” Of these adverse events, 8.8% and 13.6% 
led to death. Upon extrapolating adverse events resulting in 
death to over 33.6 million U.S. hospital admissions, “the 
results imply . . . that at least 44,000 Americans die each year 
due to medical errors,” as defi ned as failure of a planned 
action to be completed, and “the number may be as high as 
98,000.” Clearly the IOM converts apples to oranges vis a vis 
adverse events to medical errors. You fi gure!

To be noted, of the 19 members of the Committee on 
Quality Health Care in America who were signatories to the 
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report and the 11 reviewers, few are actually engaged in the 
clinical practice of medicine or surgery!

From this gross misrepresentation of the HMPS-UC data 
one can assume that the signatories to the IOM report either 
can’t read, didn’t read, or don’t understand what they did 
read. However, we believe this assertion to be incorrect and 
can only assume that the data upon which the report is based 
was developed by inexperienced staff personnel. The outra-
geous misrepresentation of the data relied upon has appeared 
in an article in the Philadelphia Inquirer stating that “one of 
every two hundred hospital admissions in the United States 
results in death because of medical error.” Taking on a life of 
its own, USA Today recently claimed 180,000 hospital deaths 
due to “errors.”

The HMPS report upon which the IOM report is based 
clearly states that “adverse events,” which the IOM misrep-
resents as errors, “do not, of course, necessarily signal poor 
quality care.” Also, they state, “elderly people are at a higher 
risk of an adverse event, and it may refl ect in part the fact 
that older people are likely to have more complicated ill-
nesses and often require more complicated intervention.” To 
reiterate, “many patients who died after an adverse event had 
serious underlying disease” with “shortened life expectan-
cies independent of their iatrogenic injury.” In addition, the 
HMPS pointed out “many of the adverse events we identi-
fi ed were neither preventable nor predictable.”

It is not denied that problems exist in the delivery of 
healthcare or that medical errors occur and can result in 
deaths. However, such problems must be identifi ed and their 
solutions must be predicated on data obtained by accurate, 
reliable and appropriate scientifi c methodology. Congres-
sional appropriation of 100 million dollars a year, as recom-
mended by the IOM to deal with these issues is modest if it 
is appropriately and effectively spent, if problems are clearly 
identifi ed and effective solutions implemented. This will not 
occur with the creation of another bureaucracy staffed by 
medical know-nothings. Contrary to this irresponsible and 
damaging report, the fi nest medicine with the most advanced 
technology and best-trained physicians and paramedical per-
sonnel is here in the United States. It is with this group that 
the responsibility of dealing with these issues lies.

Although a number of problems with healthcare delivery 
are mentioned by the IOM report and referenced studies, 
several other critically important issues were not addressed. 
These are issues that make it impossible for responsible 
members of the medical community to exert effective over-
sight and control regarding the dangerous and/or irresponsi-
ble behavior of the mentally, physically, or substance abuse 
impaired physician, the incompetent physician, or the eco-
nomically motivated charlatan. It is with regard to these mat-
ters, a system of grievously fl awed oversight and a jurispru-
dence that functions as an enabler that warrants attention.

The current system by which deviant practitioners are 
sanctioned is through peer review, a medical staff process 
protected from discovery with confi dentiality being insured. 
It is my view that the peer review system as it functions 
today is grievously fl awed. To expect members of a medical 
staff with emotional, economical, and political ties to an 
individual in question to be impartial and objective in their 
deliberation is unreasonable. Of equal importance, the inves-
tigative part of the peer review process starts at the depart-
ment level where there is a lack of expertise, resources, and 
for reasons to be mentioned, commitment. Clearly, the initial 
phase of an investigative process of misconduct must be per-
formed by individuals who have the proper resources at their 
disposal and no ties to the practitioner in question.

Recently, Senator Arlen Specter stated his intention to 
introduce legislation to fund research “that would help deter-
mine the best way to curb the tens of thousands of deaths 
each year nationwide that stem from medical error.” Clearly, 
the Senator has also been misled by this spurious and infl am-
matory IOM report. According to press reports, he men-
tioned several mandatory-reporting scenarios, one of which 
would involve mandatory reporting of medical mistakes and 
require that patients be told of errors. I trust that the Senator 
is cognizant of the boondoggle that such a scenario would 
afford the plaintiff’s bar. Clearly, in my mind, the major rea-
son that physicians and hospital administrators are hesitant 
to declare errors, right or wrong, is that there prevails as a 
result of the existing jurisprudence system a lack of commit-
ment on the part of most to participate in these matters for 
fear of litigious retribution. To become involved in an attempt 
to sanction a physician is a guarantee to be the subject of a 
law suit for purported slander, liable, defamation of char-
acter, interference with one’s ability to make a living, etc. 
Quite frankly, who need the grief? To enact effective mea-
sures that will include participation of all responsible mem-
bers of the medical community will necessitate safeguards to 
protect those who come forth from vindictive and spurious 
litigation.

In my view, the IOM report entitled “To Err Is Human” is 
an infl ammatory document lacking creditable scientifi c for-
mat that intentionally or otherwise serves to demonize the 
medical profession.
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Commentary

It’s the Drugs, Stupid!
JOSEPH TORG, MD

Philadelphia, recently designated as the “next great Amer-
ican city,” is in reality becoming its murder capital. The sta-
tistics are all too familiar: 330 homicides in 2004, 377 in 
2005, and 406 in 2006 with 80% of the deaths resulting from 
gunshot injuries. Philadelphia has more murders per year 
than New York City with six times its population. Most 
alarming has been the fact that four Philadelphia police offi -
cers have been shot last October with Offi cer Cassidy dying 
from a gunshot wound to the head. Chaos reigns, the bad 
guys rule the streets, and by all appearances our governmen-
tal and civilian leaders appear confused and befuddled. For-
mer Mayor Street announced a crackdown on curfew viola-
tions and begged the city’s youth “to lay down their weapons.” 
Police Commissioner Johnson has observed that there are 
“too many guns on the street” but laments that implementa-
tion of Mayor-elect Nutter’s “stop and frisk” policy will 
result in civil discord and insurrection. And the gun nuts say 
that “guns don’t kill people, rather people kill people” and 
unyieldingly maintain that the second amendment to the 
Constitution guarantees the right of the people to keep and 
bear arms and shall not be infringed, failing to recognize that 
the Constitution also guarantees freedom of speech but 
according to the Supreme Court that does not mean that one 
can yell “fi re” in a crowded theatre. And talk show host 
Michael Smerconish, one of our town’s clearer thinkers, 
only gets it half right. For reasons that are diffi cult to under-
stand he opposes the ban on the sale of assault weapons. He 
believes that the solution to the problem lies in the home, a 
concept supported by Richard Gelles, Dean of the School of 
Social Policy at Penn who points out that the 1996 welfare 
reforms created the situation where single parents were put 
to work and the kids were left alone at home. Without proper 
supervision children are now being raised on the street. 
Smerconish emphasizes that it is the absence of the father in 
the family structure that is responsible for the mayhem and 
crime that is so pervasive in our society. Certainly this con-
cept cannot be disputed, however solving the home problem 
is a long term project that pushes the time yield curve too far 
out to help the current situation. And the Inquirer’s editorial 
page states that “to reduce violent crime you must address 
the factors that produce it including unemployment, poverty 
and bad schools.” Again long term projects that push the 
time yield curve too far out. Which brings us to Michael 
Nutter’s stated intention of initiating a “stop and frisk” pol-
icy to remove guns from the street. Under the category of 
innovative police work, this tactic emanates from the classic 
study of criminologist and Penn professor Lawrence Sher-

man, who twenty years ago demonstrated that police enforce-
ment of minor quality of life crimes, i.e. urination in public, 
jaywalking, turnstile jumping, etc. and in high crime “hot 
spots” resulted in discovery and confi scation of illegal con-
cealed weapons. With fear of confi scation, the bad guys 
leave their guns at home and presumably the murder rates 
will decrease. Allegedly, this worked for Mayor Giuliani in 
New York City during the 1990s. The important question 
however, is whether this technique was actually responsible 
for the observed decrease in homicides. Steven Levett 
describes in his book Freakonomics the correlation of the 
Roe vs. Wade Supreme Court decision and the reduction of 
crime seen in the early and mid nineties. Accordingly, legal-
ized abortion led to less child unwantedness, child unwant-
edness leads to higher crime and legalized abortion therefore 
leads to less crime. However, where New York City had 
2,245 murders in 1990, it is on track to have less than 500 
this year. Thomas A. Reppetto, a police historian and co-
author of “NYPD: A City and its Police,” observed that in 
the early 1990s the city’s crack-cocaine epidemic was 
responsibility for many killed by bullets from battling drug 
gangs. Police action against the drug gangs has resulted in a 
marked decrease in the number of homicides.

It is my view that many, if not most, of gun related crimes 
and homicides are related to the use of both illegal and 
legally dispensed narcotic agents. Consider shootings asso-
ciated with “a drug deal gone bad,” drug dealers’ turf battles, 
robberies to obtain funds to support the addict’s habit, the 
irrationality and unpredictability of the deranged addict, and 
more recently those aimed at law enforcement offi cers. On 
October 30, 2007 a “perp” shot two men and one woman at 
15th and Sansom Street, then shot a police offi cer at 22nd 
and Sansom and then proceeded to jump off the Chestnut 
Street Bridge and drowned. It is a reasonable assumption 
that the autopsy toxicology panel was positive for narcotics. 
John Lewis, who confessed to shooting and killing offi cer 
Chuck Cassidy, has a history of drug related violations. 
Again, it is a reasonable assumption that his robberies of the 
West Oak Lane Dunkin Donuts as well as the Feltonville 
Pizza Shop were to obtain funds to purchase drugs. The more 
recent shooting of two police offi cers in the Torresdale sec-
tion drug bust is clearly more of the same.

To reiterate, it is primarily the drug problem that must be 
confronted and resolved to bring peace, safety and tranquil-
ity to the streets of Philadelphia. To do this there must be 
interdiction of the illegal drug supply chain and stringent 
control of legally prescribed narcotics and controlled agents. 
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Having practiced orthopaedics in this city for forty years, it 
is with regard to the latter issue that I believe that I can speak 
with some authority. Simply put, it is my view that there are 
both gross inadequacies in governmental narcotic controls as 
well as irresponsible dispensing and prescribing of con-
trolled substances by duly licensed members of the medical 
profession. I believe that these two issues are major contrib-
utors to our crime problem and that clearly; these are two 
issues that are within our grasp to resolve.

The arrest and conviction of Philadelphia Eagles’coach 
Andy Reid’s sons Garrett and Brett are a case in point with 
regard to what I perceive to be the medical community’s irre-
sponsible behavior in dispensing and prescribing narcotics. 
Montgomery County Judge Steven T. O’Neil was right on 
the mark when he stated “the medical community is just as 
much to blame for what happened to these two men . . . we 
live in a society where dangerous narcotics are highly over-
prescribed . . . so it is little wonder we are seeing them as 
drug addicts.” Substantiating the judge’s opinion is the fact 
that the younger Reid was prescribed Percocet “after he 
“cracked a vertebra” while lifting weights while in high 
school. This is a common condition that involves a stress 
defect in one of the lumbar vertebrae and under no circum-
stance would a responsible physician prescribe a narcotic. I 
see patients on a daily basis who have been inappropriately 
prescribed Percocet and Oxycontin by emergency room, 
family, and referring specialists. It is my opinion that the 
only two situations justifying the use of narcotics in the prac-
tice of orthopaedics are in the management of post-operative 
and fracture pain. Missing from the Reid story was an answer 
to the crucial question of how and why was OxyContin, a 
controlled substance regulated by the Drug Enforcement 
Agency (DEA) and requiring a physician’s prescription so 
available to Garrett Reid. OxyContin, manufactured by Pur-
due Pharma and Percocet, manufactured by Endo Laborato-
ries are not products of the Afghanistan poppy fi elds or the 
Columbian drug cartel. They are produced and distributed 
by companies here in the United States and their ubiquitous 
availability “on the street” clearly raises questions of these 
manufacturers’ complicity. The culpability of Purdue Pharma 
for misleading the public regarding the abuse potential of 

OxyContin and their widespread security and record keeping 
problems at the company’s manufacturing plants in Stam-
ford, Connecticut resulted in three top Purdue executives 
pleading guilty to criminal charges that in May of 2007 and 
resulted in their paying a 634.5 million dollars in fi nes and 
payments. Also to be questioned is the role or lack thereof 
of the DEA in controlling the distribution of controlled 
substances. 

Another major problem is the indiscriminate prescribing 
of narcotic agents by emergency room and primary care phy-
sicians. Simply put, the medical establishment has not 
defi ned clear indications and contra-indications for the use 
of these substances. With regard to OxyContin and Percocet, 
it is my view as an orthopedic surgeon that they should only 
be used to treat pain associated with major surgery, complex 
fractures, and terminal pain. The Reid’s struggle represents 
but a tip of the iceberg, for much if not most of the mayhem 
and murder perpetrated on the streets of Philadelphia are 
clearly the result of drug activity and abuse. Until the drug 
problem is resolved mayhem and murder will prevail. 

It is also interesting to note that it has been recently 
reported that “a loosely knit group of Philadelphia men 
roamed the suburbs at night for years, burglarized 47 Mom 
and Pop pharmacies and rural gun shops and then resold 
400,000 stolen pain pills and 188 weapons on the city 
streets.” Is this the tip of the iceberg? How do legally manu-
factured drugs such as Percocet by Endo Labs and Oxycon-
tin by Prudue Pharma get to the illegal pushers on the streets? 
What are the sources of drugs that end up on the street and 
who is keeping track? Certainly this is something that can 
and should be controlled. 

And what has the Drug Enforcement Agency been doing 
other than issuing licenses to physicians to prescribe con-
trolled substances; the only requirements being that they not 
be convicted felons and pay a fee. The activities of the DEA 
must be more comprehensive. And that would include elec-
tronically monitoring the dispensing of controlled substances 
from secure vendors.

Murder, mayhem, shootings and stabbings will persist 
until it is understood that to paraphrase the Clintonesque 
mantra “It’s the drugs, stupid!”
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Nature. Ask yourself the following questions to determine 
your ‘risk’ for burnout and anxiety/depression.

1) Do I get adequate sleep?
2) Do I go to the Doctor and dentist responsibly?
3) Do I have time to exercise?
4) Do I eat healthy meals?
5) Do I engage in a hobby?
6) Do I feed my soul with fi ne music, literature and art?
7) Do I feel close to my loved ones, especially my spouse?
8) Do I regularly connect to a Higher Power?
If the answer to any one of these questions is NO, you are 

neglecting some of your basic needs and not fueling your 
soul. Again, burnout does not correlate necessarily with hours 
worked as much as it does with meeting our basic human 
needs, especially the need for CONNECTION.

Let us look at energy drains and how JDKIV addresses 
them:

Demands of Contemporary Practice of Orthopedic Surgery

1) Harried pace, dwindling resources result in having to 
see more patients, perform more surgeries, more paper 
work. 

Those of us in urban, ‘unfriendly’ locales (such as Phil-
adelphia) can be sued BID or TID. Surgeons have thus 
found themselves in a ‘High demand-Low control’ 
environment that can sap our energies dry. We feel at 
the mercy of insurers, patients and attorneys. The means 
to resiliency in these environs is to minimize the effects 
of the demanding world and to focus on the things you 
can control and relinquish those you are powerless 
over. A principle center, that is, having a changeless 
core in the midst of an ever-changing world, can intro-
duce some measure of stability to your life and keep 
you energized. You are in control of your actions and 
they are in concert with your Values. Your energies are 
directed to doing the right thing in the right way in 
accordance to what you hold as morally correct. You 
can feel good at the end of the day knowing you did 
everything in your power to be true to what you hold as 
just. Living from a principle center is energizing; you 
are true to yourself! You are no longer at the mercy of 
‘what they must think’ or what other less noble forces 
ask of you. 

Whenever you fi nd yourself criticizing or complain-
ing, you are in negative energy and focusing on things 

Medicine is a race — a marathon, ‘Burnout,’ or emotional 
exhaustion, is very common and affects about one third of 
physicians during their careers. Resiliency — the ability to 
‘bounce back’ from diffi culty, can be attained, even in the 
face of the most trying of times. Resiliency is really not 
about hours worked or hardships. It is about how you man-
age your emotions and relationships. It is about the ‘call to 
character’ and choosing actions which will ultimately sus-
tain us (Sotile and Sotile). It is also about being mindful of 
energy fl ows in your life. Everything we do can ‘drain or 
sustain.’ Thus, one of the keys to resiliency is to minimize 
energy drains and maximize what replenishes us. The virtue 
of resiliency can be learned since the brain is a rather plastic 
organ. Certain maladaptive behaviors can be replaced with 
healthy ones such that the brain will be ‘hard-wired’ to per-
form healthy, energizing behaviors and to think ‘good 
thoughts.’ No matter what your background, genetics or sta-
tion in life, you have the power to choose the life you want.

Steven Covey describes proactivity as basing behavior on 
decisions, not conditions. We can subordinate feelings to 
Values. We all have the power to choose our lives based on 
the values we revere, rather than our conditions or feelings. 
In other words, we are not our moods! I hope to share with 
you some thoughts on the values that will sustain you and 
how to attain a powerful mind and a resilient self. The prin-
ciples that I would like to serve as ‘take home points’ are:

1) You cannot give what you do not have — happiness 
matters!

2) Emotions are contagious — be aware of what you spread 
around!

3) We can choose our actions, and therefore create the 
‘culture’ at work and at home we desire.

4) The more we nourish relationships (especially our part-
ner!) and the more ‘uplifts’ we can set place in our 
lives, the more resilient we will become.

When we make the choice to engage in healthy behaviors, 
we are slowly changing our brains. Behaviors once thought 
to be ‘automatic’ can be changed in time. When we change 
our behavior, we slowly eliminate maladaptive habits and 
change our brain (Schwartz) We literally ‘inch closer’ to 
forming a powerful mind!

In order to survive today’s demands, one must cultivate a 
sense of self-nurturance and remember that principles gov-
ern our existence. In other words, as much as we would like 
to think otherwise, we cannot ‘cut corners’ with Mother 

Commentary

Resiliency and Medicine — 
AKA: ‘You Cannot Give What You Don’t Have’

JOHN D. KELLY IV, MD
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for which you have no control. Criticizing someone 
else’s behavior will accomplish nothing except under-
mine your mood. Complaining, similarly, will do noth-
ing to effect positive change. Positive change occurs 
when we ‘ask’ for things for ourselves and focus on 
what we can control or infl uence. Assertiveness really 
means being fair to yourself and fair to others. Are you 
in a practice that is not FAIR to you? If you do not ‘ask’ 
for yourself, resentment will build and your energy will 
wane. I like the pneumonic D.E.A.L. when practicing 
assertiveness: Describe the situation as you see it (use 
“I “statements). Express yourself and your feelings 
(again, “I” statements). Ask for changes (demands 
rarely work!) List the benefi ts (think ‘win/win’).

JDKIV solution: I have done my best to stay ‘cen-
tered’ and ‘value based,’ committed to try to do the 
right thing in the right way. I am in control of my 
actions which are value based and not prey to the 
whims of the ‘world’ I know my tendencies (OCD, 
ADD, ‘touch’ of bipolar) and I tend to ‘please every-
one.’ However, I realize that principles are more 
important than ‘being liked.’ I choose my behavior 
based on the values and personal mission statement I 
have articulated for myself. My values and mission 
statement are written in a notebook and I refer to 
them often so I can stay ‘on track’ — no matter how 
I feel. If your ‘core’ or ‘center’ is spiritually based, 
the ‘world’ can only do so much to hurt you! A good 
part of my mission statement includes ‘to look for 
the good in myself, others, the world and the 
future.’ 

The whole notion of looking for the GOOD or 
‘gift’ each situation brings us can be life transform-
ing. You will fi nd yourself living in more positive 
energy. Whenever an issue arises in the hospital that 
may have negative consequences, I ask myself “what 
can I do about this to effect positive change?” Or 
‘What good can arise from this, what lesson is to be 
learned?’

Lastly, I try to approach patients with the mindset 
‘who is my God sending me today? How can I help 
this person? What good can I see in this person in 
pain? What good can I effect?’ Rather than viewing 
each patient as a potential litigant or ‘the enemy,’ I 
try to get out of my self-absorption and focus on this 
“Divine Moment” whereupon I am called to effect a 
positive change for someone. I look for the good in 
the situation and devote my focus to this.

2) Perfectionism and the pursuit of an illusory goal. 

How about your standards? Medicine attracts perfec-
tionists who are accustomed to harshly criticizing 
themselves and creating expectations that are unrealis-
tic. If you always feel that you are ‘missing the mark,’ 
you will be continually disappointed and drained. 

 Furthermore, perfectionism throttles the creative, life 
force within us. It is nearly impossible to be creative 
and produce innovative and novel work when one is 
con tinually feeling the pressure to perform at super-
human levels. By ‘letting it fl ow,’ you will not only fi nd 
creativity is nurtured, but productivity skyrockets.

JDKIV solution: I recognize that perfection is an 
illusion and only leads to frustration and wounding 
of self-esteem. I have learned much about myself 
and realize I am plagued by OCD (Obsessive Com-
pulsive Disorder) and I can drive myself crazy striv-
ing for a ‘perfect surgery.’ I have learned to recog-
nize, accept and label the ‘voice of OCD’ and practice 
detachment from the ‘voices.’ I choose instead to act 
on my value of ‘daring to be average’ and ‘letting it 
fl ow.’ I remind myself daily that HAPPY DOCTORS 
ARE HEALTHIER, GIVE BETTER CARE AND 
ARE MORE PRODUCTIVE. I am not advocating 
complacency, and I still strive for excellence, but I 
set realistic goals and listen to the gentle voice of 
fulfi llment and satisfaction for a job well done. I try 
to nurture myself so I can better take care of the next 
patient. I tackle problems ‘head on’ — problems that 
my perfectionist voice tells me to ‘avoid until I am 
ready.’ I realize that unfi nished tasks consume enor-
mous energy (William James).

2a) Clutter

Part of the perfection and obsessive trait is the ease at 
which clutter infi ltrates our lives. Unnecessary items 
and lack of order drains us and stifl es creativity. I strug-
gle with this but have found the following helpful 
regarding objects that clutter our lives: a) if you haven’t 
worn or used it within a year, give it to someone who 
can. Giving frees us to receive and energizes our spirit 
by helping us recognize all that we do have and that our 
abundance will help someone else. b) clear off your 
desk. Handle things as they come the best you can and 
delay only those things that need considerable atten-
tion. However, by ‘daring to be average’ if you just 
breathe and try to ‘just do it’ you will be astounded at 
your productivity. Ten ‘good works’ are far better than 
one ‘Mona Lisa.’ 

2c) Journals 

In this day and age of online access, there is no need to 
pore over and store every publication imaginable. I do 
my best in scanning journals for relevant articles and 
focus on that which will help me the most. The ‘Parieto 
Principle’ dictates that 80% of what we need to know in 
life is discovered, on average, by 20% of our efforts. 
The challenge, therefore, is to discern what is truly 
good and useful and ignore the rest. Eliminate clutter 
from your offi ce and discard old journals. You can 
access them online!!!
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3) Anxiety/Depression. 

It is truly diffi cult not to get into a ‘funk’ with all the 
responsibilities of Orthopedic Surgery. It is certainly 
normal to feel ‘blue’ when a surgery does not go par-
ticularly well or when a complication develops. How-
ever, anxiety and depression are not normal responses 
to stress and are largely the result of distorted thinking. 

JDKIV solution: With the help of a cognitive thera-
pist, I have learned how to better respond to the dis-
torted thoughts which lead to emotional unrest. 
Again, I practice ‘detachment’ and love the pneu-
monic AWARE: a) Accept the unwanted thought 
because fi ghting intrusive thoughts gives them 
strength. b) Watch the thought from a distance — 
learn to stand apart from your hurtful thoughts. c) 
Act according to your values (no matter how you 
feel, and remember that if you change your behavior, 
you will change your brain!). d) Repeat the process. 
e) Expect the best (look for good). 

Whenever I am plagued by an emotional rut (I am 
Irish, these do occur!), I DO NOT BELIEVE A 
THING MY MIND TELLS ME. Learn to become an 
impartial spectator to your thoughts and recognize 
when they are distorted or harmful. When you can 
detach and look at harmful thoughts as not being 
you, but merely your mind playing tricks on you, you 
are on your way to developing a strong mind. For 
example, while in the OR, after I have attained that 
very good reduction, I have learned to label the 
‘voice of perfection’ which has, in the past, prompted 
me to do and undo many a very good reduction. I 
accept the ‘voice,’ watch it from a distance, and then 
act on my value of patient safety and expeditious 
surgery. I repeat this as often as necessary and expect 
the best!!! Since I have learned to detach from my 
harmful thoughts, my OR times are but a fraction of 
what they were several years ago. I leave the operat-
ing room more satisfi ed and my patients are doing 
very well!!!

 I also journal regularly and write down recurrent 
or especially troubling distorted thoughts and 
respond to them. I fi nd these thoughts arise when-
ever stressors are greatest or when major decisions 
are to be made. I use F.A.S.T. (MacDermott) when 
dissecting thoughts. What are the Facts or evidence 
to feel this way? What is an Alternative way to look 
at the evidence? So what if it is true. (What is the 
worst that can happen?). Toll. What is the effect on 
my thinking? 

When I am anxious, I realize distorted thinking is 
to blame and also recognize that anxiety is ENERGY. 
I also use AWARE and I try to use this energy to face 
the problem I may be avoiding. I also try to practice 
mindfulness, or living in the present (Divine Moment), 

and/or meditate whenever I feel anxious, since anxi-
ety is about fear of what may occur in the future. 
Staying in the present lessens anxiety greatly.

Mindfulness tip: focus on the breath in and out 
you nostrils. I use a prayer with this concerning grat-
itude. JDKIV mantra “Father (inhale) Thank You 
(exhale)” and I conclude each breath with a thought 
of something I am grateful for (Marie, Ann Marie, 
Mary etc.) By being aware of one’s breath, you can 
‘stay in the moment’ and enjoy more peace.

Final JK tip: get help when needed. June 2003, 
JDKIII died, practice was ‘out of control’ and law-
suit ‘du jour’ was pending. I couldn’t sleep for three 
months. DEPRESSION. I consulted a psychiatrist 
friend, and started low dose meds. In addition, I saw 
a cognitive therapist and went back to fundamentals 
in order to recover — God, as I knew Him, relation-
ships and self-nurturance.

Now that we have addressed energy consumers, we will 
discuss energy sources. How do you replenish yourself? In 
order to stay resilient, we need to continually stay connected 
to the things that give us passion, interest, meaning and 
‘uplifts.’ In addition to focusing on our basic human needs, 
such as sleep, nutrition, exercise, we all need to encourage 
‘connection’ — with our staff, patients, families and higher 
power.

What we spread around will help us or hurt us. We truly 
do ‘reap what we sow.’ Humans are hard wired to respond 
predictably to love and affi rmation. Positive actions reap 
positive responses. Also, when we choose to look for the 
good, our mood is boosted. We are entering positive energy! 
Good and bad exist in every person, situation or thing. What 
matters is what we choose to focus our energies on.

When we go to work in the morning, do we greet our staff 
or do we mumble or complain about the latest practice 
“issue.” Do we bless others or criticize them? I can assure 
you; if you look for the good you will fi nd it and in the pro-
cess bless your life as well. We all need to make the proac-
tive decision to be a love fi nder, not a fault fi nder. We need to 
look for the good in ourselves, others and the future. We can 
affi rm and bless all we meet, not condemn them. Again, 
whatever you reap you will sow. When we look for the good 
and bless others (no matter how we feel) we will fashion a 
‘culture’ that exudes positive energy that will help sustain us. 
As Drs. Wayne and Mary Sotile have elegantly stated in their 
writings on physician stress, resiliency is not about absence 
of hassles. It is about presence of ‘uplifts.’ Emotions are truly 
contagious!!!! Also remember, happiness matters. If we 
boost our mood, our productivity will increase. Further, 
happy doctors give better care, have more compliant patients 
and are less likely to be named in malpractice suits!

Humor is a wonderful way of staying in positive energy. 
When we look at the light side, we are affi rming that things 
will be OK and that nothing is so bad that we can’t at least 
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joke about it. Humor must be positive to be truly effective 
and can never be at someone’s expense nor can it be a 
weapon. Complimentary humor, or making light of some-
one’s strengths, is a wonderful tool for spreading around 
positive energy. Lines like ‘she is so smart . . . her IQ is 
higher than my malpractice premium’ convey both affi rma-
tion and humor. Keep humor positive and see what it can do 
to a gathering!

JDKIV method: I try to greet the offi ce staff and OR staff 
with good humor before the day starts. I am generous with 
compliments and use humor to especially ease tensions in 
the OR. I am quick to affi rm a resident’s performance and 
liberally praise (when indicated) ancillary staff. I also strive 
to be gentle with myself and regularly refer to a list of sur-
geries and accomplishments that I have done well. (Give 
yourself uplifts!)

The greatest affi rmation we can receive is from our part-
ner. ‘No single thing will bring you more happiness than 
investment in your marriage’ (Fighting for Your Marriage, 
Markman, Stanley, Blumberg). Marital problems are the 
number one cause of depression in America. Emotional con-
nection and support of spouse/partner is essential for resil-
iency. Everything good fl ows from the union with your part-
ner — security, intimacy, positive feedback, a beautiful 
secure family culture and the overall sense that you are not 
alone in facing the world. Investment in marriage is truly an 
investment in your happiness and fulfi llment. Work on ‘Liv-
ing in Love’ and hang in there! 72% of ‘miserably married’ 
couples, when questioned 5 years later, are happy! 

Likewise, investment in families has huge dividends in 
one’s quest for peaceful living. The Value one places on fam-
ily will largely determine one’s peacefulness and resistance 
to stress. NO ONE WILL ‘COVER YOUR BACK’ LIKE 
YOUR FAMILY! “. . . what I call your ‘spiritual security’ 
— knowing that your family will be there watching out for 
you. Nothing else will give you that. Not money. Not fame.” 
Morrie Schwarz from Mitch Albom’s “Tuesdays with 
Morrie.”

Remember, we enter this world and leave this earth with 
our families. No amount of material success will ever sur-
pass the joy of a rich family life. We must prioritize our fam-
ily life and carve out time daily to affi rm and sow intimacy 
with our loved ones! Want to leave your ‘mark’ on the world? 
Start with your family!!!!

Lastly, friendships outside of our family are crucial to 
feeling the emotional ‘connection’ needed to remain resil-
ient. Friends outside of medicine in particular, help us to see 
the world differently and experience life in ways unknown to 
‘medical families.’

JDKIV method: I try to prioritize and value my marriage 
more than anything — even more than the children! My wife 
and I spend regular time with other couples who affi rm mar-
riage. We are actively engaged in a church program that fos-
ters ‘living in love.’ We pray together and compliment and 
affi rm each other daily.

My children and I talk every day and I try to drive them to 
school two days a week. I help with homework often and 
encourage ‘one on one’ time whenever possible. If I am stuck 
in the OR, I am sure to call or ‘text message’ them. I stay 
actively engaged in their lives although I do not make ‘every 
game.’ I have listed my close friends on my cell phone menu 
and call them regularly to and from work. My wife and I try 
to visit at least one friend from the community each 
weekend.

Another source of energy is our interests and ‘Passions.’ 
We need to stay close to what really interests us and moves 
us. When we gravitate to our interests and look for a greater 
good in the process, then we will be doubly energized. Tak-
ing from the world to meet selfi sh desires will lead to deple-
tion. Giving back and looking to change the world for the 
better will lead to sustainable energy. Causes, or crusades to 
make the world better, truly motivate. That is not to say we 
can ignore our basic needs of living, loving and learning. 
(Remember, the heart feeds the coronary arteries fi rst before 
it nourishes the rest of the body.) However, if you truly want 
to contribute to the well being of your brothers and sisters on 
the planet, you will be blessed with fuel for the journey! 
Steve Farber, in his book, The Radical Leap, expounds on 
this further by listing the following ‘energy generators’:

Love 
Great ideas
Noble principles
‘Leaping’ goals (goals which ‘leap over’ your self 

imposed limits)
Interesting work
Exciting challenges
Compelling vision of the future

Trying to approach each day expecting to make a differ-
ence and ‘change the world’ will get your blood fl owing like 
nothing else.

JDKIV method: I have learned to reconnect with my pas-
sion for teaching and try to lecture residents as frequently as 
possible. I also limited my practice more on my two loves 
— arthroscopy of the shoulder and knee, and have been bet-
ter able to serve my patients in the process. I also try to 
approach talks, scientifi c papers and research with the intent 
of ‘making a difference’ and appealing to a higher purpose, 
rather than ‘hog the limelight.’ (Hard at times for a per-
former!) I try to feed my passion for writing as much as I 
can. I have dedicated much time to improving the lives of the 
youth of North Philadelphia and am actively campaigning 
against gun violence.

Next, let us look at another energy generator: hobbies or 
interests outside of medicine. We need to feed our souls with 
activities that are just fun — period. The medical mind, 
which feels the need to continually produce, will ultimately 
languish when there is no more ‘juice.’ Resiliency requires 
regular hobbies that rest our nervous system, which allow 
us to experience pleasures, not just work aversion. The bonus 
is that by regularly engaging in a fun hobby, your productiv-
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ity will INCREASE. Every successful surgeon I know, who 
has enjoyed long term productivity, has a hobby for which 
they feel passionate about.

JDKIV method: I try to do the ‘comedy thing’ whenever I 
can. I listen to jokes on ‘satellite radio’ and try to write new 
material and perform regularly. In the summer, I engage in 
ocean distance swimming and particularly feel removed 
from the stresses of medicine whenever I am in the water. I 
play the piano whenever I can!

Lastly, for lasting energy and resiliency, we need to con-
nect to our Higher Power. Individuals who pray and worship 
are more resilient — period. Communion with a Loving 
Presence is the ultimate source of energy. Belief in a Loving 
presence also gives meaning to the seemingly senseless trag-
edies we witness regularly. Want to feel charged? Plug in to 
the ultimate source of energy as often as possible. Your 
Higher Power, the Loving presence in the Universe, will give 
you a sense of security that no worldly thing can ever match. 
While connecting to your ‘source,’ recognize three things a 
day to be grateful for. By living a life centered on Faith and 
gratitude you will dwell more and more in positive energy. 
Remember, positive emotions are contagious and positive 
people truly have more to give to the planet!!!

JDKIV method: I try to read spiritual literature daily and 
pray as often as I can throughout the day. I try to be mindful 
of the Divine Presence on all I do. I thank my Higher Power 
every day, fi rst thing in the morning for my family and try to 

also meditate on the Blessings in my life as I drive to work. 
I regularly try to refl ect on how much my Higher Power 
loves me, regardless of what I do or fail to do!!!! I also have 
a list of “power quotes” and affi rming phrase to which I refer 
often. I did not receive much affi rmation from my parents so 
I do my best to get it any way I can!!!

The resilient life is the byproduct of choices you make. 
Write your values, write your mission with the awareness 
that relationships (God, family, colleagues) determine your 
happiness. Decide to act on your values no matter how you 
feel and you will sow the seeds of resiliency. Separate your-
self from thoughts that hurt and direct your thoughts to what 
is good in your life. Now, go fi nd your partner and giver her/
him a hug — whether you feel like it or not. You will never 
regret it!!!!!!

Suggested Reading

The Resilient Physician: Effective Emotional Management for Doctors and 
Their Medical Organizations. WM Sotile and MD Sotile.

The Feeling Good Handbook. David Burns, MD
Seven Habits of Highly Effective People. Steven R. Covey
Brain Lock. Jeffrey Schwartz, MD
How to Fight for Your Marriage. Markman, Stanley, Blumberg
Wherever You Go, There You Are: Mindfulness Meditation in Everyday Life 

(Paperback). Jon Kabat-Zinn 
The Radical Leap. Steve Farber
Feel the Fear and Do It Anyway. Susan Jeffers
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Introduction

Fractures of the femur with associated vascular injury are 
relatively rare, accounting for 0.3–0.4% of fractures,1–2 but 
have an amputation rate of 20–50% in some series.3 Prior to 
1960, patients who had femoral fracture with vascular injury 
almost always had an above the knee amputation.4 Experi-
ence gained from the Vietnam War led to aggressive attempts 
at limb salvage through vascular repair with promising 
results.5 Limb salvage in civilian injuries is now the rule 
rather than the exception with salvage rates reported near 
100% in recent series.7 Debate still continues, however, over 
the surgical sequence in these injuries. Should fracture fi xa-
tion precede vascular repair or vice versa. 

McHenry described two major considerations in the deter-
mination of surgical sequence: effect of ischemia time on 
limb viability and the effect of fracture stability on the vas-
cular repair procedure.7 Those advocating initial fracture 
fi xation have argued that fi xation performed after vascular 
repair may disrupt it. In accordance with this hypothesis, 
Iannacone et al. suggested that immediate external fi xation 
allows the vascular repair to be performed in a controlled 
environment to protect the completed vascular repair from 
disruption.14 Others have argued that the vascular injury 
should be repaired fi rst because reversal of limb ischemia 
takes precedence. Connolly,5 Starr et al.,12 and Ashworth et 
al.20 showed that the vascular repair was able to withstand 
longitudinal traction during fracture fi xation and that no dis-
ruption of the vascular repair occurred in their series. There 
are valid arguments on both sides of the issue and the goal of 
this meta-analysis is to determine if there is a difference in 
amputation rates between the two treatment groups.

Materials and Methods

Eligibility Criteria

Studies included in this meta-analysis needed to have a 
target population of adults who sustained femoral fractures 
with associated vascular injury. The studies needed to have 

Abstract

Objective: The optimal sequence of surgical repair for 
femoral fractures with associated vascular injuries is 
unclear. Advocates of performing the vascular repair prior 
to fracture fi xation argue that reversal of ischemia in the 
limb is the most important factor in limb survival and 
should take precedence. Advocates of fracture fi xation 
prior to revascularization worry that the manipulation 
during fi xation could disrupt the vascular repair and that 
total ischemia time is more relative than absolute. A meta-
analysis of the available literature could help decision 
making in this regard.

Methods: A literature search was performed to iden-
tify studies with the following criteria: adult population, 
femoral fracture with associated vascular injury, an inter-
vention of fracture fi xation prior to revascularization and/
or revascularization prior to fracture fi xation, and ampu-
tation as an outcome measurement. Meta-analysis was 
performed.

Results: 934 articles were identifi ed and narrowed to 
18 articles through exclusion criteria. Meta-analysis of 
the data shows no statistical difference in regards to the 
incidence of amputation between fracture fi xation prior to 
revascularization and revascularization prior to fracture 
fi xation.

Conclusion: Femoral fractures with associated vascu-
lar injury are an uncommon injury representing 0.3–3% 
of trauma admissions. There has been a widespread but 
unsupported belief that manipulation and traction during 
fracture fi xation will disrupt the vascular repair. Ischemic 
time should be considered a relative, but not absolute pre-
dictor of amputation. Soft tissue injury and neurologic 
defi cits have been found to be highly correlated with dis-
ability and amputation. Cooperation between the ortho-
pedic surgeon and vascular surgeon is very important. 
Surgical sequence has not been shown to affect the rate of 
amputations in this injury in this meta-analysis.



Temple University Journal of Orthopaedic Surgery & Sports Medicine, Spring 2008

12

ral fracture. 449 articles were excluded because a non-related 
disease process was being studied. 130 articles did not have 
a vascular injury. Eleven articles were review articles with-
out patient data, two articles were excluded because they 
dealt with a pediatric population, and two single case reports 
were excluded. Using these guidelines for exclusion, 111 
potentially relevant articles were chosen for abstract review. 
The abstracts of the 111 potentially relevant articles were 
again reviewed by JF and SL and 18 articles were chosen to 
be included in the meta-analysis. 22 articles were excluded 
because they were duplicates. 50 articles were excluded after 
abstract review and an additional 21 articles were excluded 
after a full article review (see Figure 1 for breakdown of 
exclusion). Assessment of agreement between JF and SL 
was performed and a kappa value of 0.67 was achieved, sig-
nifying very good agreement.19

an intervention of either fracture fi xation followed by vascu-
lar repair or vascular repair followed by fracture fi xation. 
Studies also needed to have amputation as an outcome mea-
surement. Prospective randomized trials, case series, and 
retrospective reviews were included. Review articles without 
patient data were excluded.

Identifi cation of Studies

We performed a PubMed Search using MeSH from 
1966–2006 using the following MeSH words: “Wounds, 
Gunshot” [MeSH] AND “Femoral Fractures” [MeSH]; 
“Blood Vessels/Injuries” [MeSH] AND “Femoral Fractures” 
[MeSH]; “Blood Vessels/Injuries” [MeSH] AND “Fracture 
Fixation”[MeSH]; “Femoral Fractures” [MeSH] AND 
“Ischemia”[MeSH]; “Femur” [MeSH] AND “Fractures, 
Bone” [MeSH] AND “Blood Vessels/Injuries” [MeSH]; 
“Blood Vessels/Injuries” [MeSH] AND “Leg Bones”[MeSH]; 
“Wounds, Gunshot” [MeSH] AND “Femoral Fractures” 
[MeSH]. 

A Cochrane Database search was also conducted as well 
as a review of reference lists of all articles to be included in 
the meta-analysis in an attempt to fi nd more potentially 
 relevant articles. We also reviewed the abstracts presented 
at the Orthopedic Trauma Association Meetings from 
1999–2005. 

Highest Available Evidence

The highest level of evidence is retrospective cohort stud-
ies, Level III.

Statistical Methods

The rate of amputation was calculated separately for each 
study. Composite average rates of amputation are presented 
for the two treatment modalities. In addition, weighted aver-
ages based on sample size of each study were calculated. To 
model the between-study heterogeneity and synthesize the 
results appropriate for meta-analysis, we used a weighted 
mixed effects linear model with “study” analyzed as a ran-
dom effect and treatment modality as a fi xed effect using the 
binomial distribution (SAS PROC GLIMMIX, version 9.1, 
SAS Institute, Cary, NC). The composite odds ratio was cal-
culated along with the 95% confi dence interval. The signifi -
cance of treatment modality was tested using a type III F test 
with statistical signifi cance set at ≤.05.

Results

Literature Search

The PubMed MeSH search yielded 934 results. The 
Cochrane Database search did not yield any results. The ref-
erence review of all articles included in the meta-analysis 
did not yield any additional studies, nor did the search of 
abstracts from the OTA meetings from 1999–2005. Article 
titles were reviewed independently by two reviewers (JF and 
SL). 234 articles were excluded because there was no femo-

934 Initial Results

111 Results after Title
Review  

18 Studies to Be Included 
in Meta-analysis 

229 had no femoral fracture

449 had non-related disease process

130 had no vascular injury 

11 review article without patient data 

2 single case reports  

22 Duplicates  

50 by abstract review  

21 by article review  

2 pediatric populations  

Figure 1

Data

Our meta-analysis allowed us to achieve an N of 516 
patients, which is nearly fi ve times the size of any current 
study (please refer to Table 1). 325 patients underwent 
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Table 1

Article Title Journal Authors N LE F V Amp F Amp V

Fractures of the Limbs Complicated by 
Ischemia Fur to Lesions of the Major 
Vessesls

Italian Journal of 
Orthopedics and 
Traumatology 1984 
June;10(2):163–185

Guercio, Orsini 56 24/56 24/24 0/24 2/24  

The Management of Open Fractures 
Associated with Arterial Inury Requiring 
Vascular Repair

The Journal of Trauma 
1994 Dec;37(6):
938–40

Seligson, 
Ostermann, et al.

72 58/72 72/72 0/72 7/72  

Vascular Injuries Associated with Fractures 
of the Femur

Arch Surg Vol 110, 
May 1975

Rosental et al. 19 19/19 6/19 13/19 2/6 0/13

Concomitatnt Orthopedic and Vascular 
Injuries as Predictors for Limb Loss in 
Blunt Lower Extremity Trauma

American Surgeon; 
Jan. 1997, Vol 63, 
Issue 1, p 24

Moniz, 
Ombrellaro

23 23/23 0/23 23/23 0/23 11/23

Fractures with Major Vascular Injuries 
from Gunshot Wounds: Implications of 
Surgical Sequence

J Trauma Volume 53 
No 4, Oct 2002, pp 
717–721

McHenry et al. 27 17/27 5/27 22/27 0/5 0/22

Treatment of Femur Fracture with 
Associated Vascular Injury

J Trauma Volume 40 
(1), January 1996, pp 
17–21

Starr et al. 26 26/26 10/26 13/26 0/10 2/13

Improved Results in the Treatment of 
Civilian Injuries Associated with Fractures 
and Dislocations

J Vasc Surg 1986; 
3:707–711

Bishara, Pasch 
et al.

38 31/38 30/38 8/38 1/30 0/8

Early Exchange Intramedullary Nailing 
of Distal Femoral Fractures with Vascular 
Injury Initially Stabilized with External 
Fixation

J Trauma 1994, Vol 37 
No 3

Iannacone, 
Delong et al.

6 6/6 6/6 0/6 0/6  

Lower Limb Fractures with Associated 
Vascular Injury

JBJS British Edition 
1990; 72-B: 116–120

Makin and 
Howard

35 35/35 15/35 20/35 5/15 2/20

Femur Fractures with Femoral or Popliteal 
Injuries in Blunt Trauma

Journal of Orthopedic 
Trauma Vol 8 No 6, 
pp 494–503

DiChristina et al. 13 13/13 10/13 3/13 1/10 1/3

Blunt Vascular Injury Associated with 
Closed Mid-shaft Femur Fracture: A Plea 
for Concern

Journal of Trauma 
1994, Vol 6 No 2

Kluger, 
DiChristina et al.

10 10/10 10/10 0/10 0/10  

Upper and Lower Limb Fractures with 
Concomitant Arterial Injuries

JBJS March 1992, 
Vol 74-B No 2

Schlickewei et al. 113 76/113 113/113 0/113 27/113  

Major Vascular Lesions Associated with 
Orthpaedic Injuries

Journal of Orthopedic 
Trauma Vol 6 No 2, 
pp 180–85

Karavias, 
Korovessis et al.

17 12/17 17/17 0/17 3/17  

Femoral Shaft Fracture with Injury of the 
Superfi cial Femoral Artery in Civilian 
Accidents

Surg Gynecol Obstet. 
1976 Mar;142(3):
399–403.

Kootstra, Schipper 
et al.

8 8/8 5/8 3/8 1/8 0/3

Combined Skeletal and Vascular Injuries 
of the Lower Extremities

Am Surg. 1984 
Apr;50(4):189–97.

Weaver, Rosenthal 
et al.

31 31/31 0/31 31/31  7/31

Femoral and Tibial Fractures Combined 
with Injuries to the Femoral or Popliteal 
Artery

J Bone Joint Surg Am. 
1971 Jan;53(1):56–68

Connolly, 
Whittaker et al.

14 14/14 0/14 14/14  3/14

Major Arterial Injury Complicating 
Fracture of the Femoral Shaft

JBJS May 1963, 
Vol 45-B No 2

Kirkup 3 3/3 0/3 3/3  0/3

Arterial Injury Associated with Closed 
Femoral-Shaft Fracture

JBJS December 1975, 
Vol 57-A No 8

Isaacson et al. 5 5/5 2/5 3/5 0/2 0/3

LE = number of injuries that were of lower extremity
F = fracture fi xation performed fi rst
V = vascular repair performed fi rst
Amp F = amputations when fracture fi xation performed fi rst
Amp V = amputations when vascular repair performed fi rst
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 fracture fi xation followed by vascular repair with amputa-
tion occurring in 49 (15%). 153 patients underwent vascular 
repair followed by fracture fi xation with amputation occur-
ring in 26 (17%). Table 2 shows the number of patients who 
underwent each treatment in each study and the number of 
amputations. Many authors experienced no amputations in 
their series while others had rates as high as 47%. The inju-
ries were not homogeneous, with some authors treating 
mostly closed, blunt trauma and others treating Grade III C 
open fractures. Table 3 shows the analysis of the treatment 
options based on the number of amputations for each treat-
ment. The group that had fracture fi xation performed fi rst 
had a mean amputation rate of 11.4% (±12.3) while the 
group that had vascular repair performed fi rst had a mean 
amputation rate of 12.3% (±16.0). This difference was not 
statistically signifi cant. The maximum percentage of ampu-
tations in the fracture fi xation fi rst group was 33.3% and 
47.8% in the vascular repair group. Table 4 shows the per-
centage of amputations weighted for the number of patients 
in each treatment group. The weighted mean for the fracture 
fi xation group was 15.1% (±48.9) and the weighted mean for 
the vascular repair group was 16.3% (±60.4). Discussion

This is the fi rst meta-analysis comparing outcomes of sur-
gical sequence in the repair of femur fractures with associ-
ated vascular injury. Our data shows that the two treatment 
groups (fracture fi xation followed by vascular repair and 
vascular repair followed by fracture fi xation) are not signifi -
cantly different in our outcome measure of amputation. 
Overall ischemia time has been proposed as the major deter-
minant of limb survival. It has long been believed that rapid 
revascularization to reverse ischemia should be a major goal 
of the repair. Miller and Welch,21 in their experiment with 
dogs, showed that an ischemia limit of less than six hours led 
to a 90% limb salvage rate, but an ischemia time of greater 
than twelve hours led to an amputation rate of greater than 
50%. Other authors, however, have demonstrated limb sur-
vival even after 20 hours of ischemia.4 The extent of tissue 
injury resulting from the ischemic time period is dependent 
on the profi ciency of the collateral circulation and absolute 
ischemia limits should be avoided.16

McHenry et al.7 in 2002 performed a retrospective review 
of 27 patients, 17 of which had lower extremity fractures 
with the objective of determining the optimal surgical 
sequence for the repair of fractures with major vascular inju-
ries. 22 of the 27 patients underwent vascular repair prior to 
fracture fi xation while the remaining fi ve had fracture fi xa-
tion fi rst. McHenry documented an increase in the need for 
fasciotomy in the group that had fracture fi xation fi rst, but 
this difference was not statistically signifi cant. No amputa-
tions were performed in this retrospective review. McHenry 
has concluded that vascular repair should be performed fi rst 
and had no disruptions of the vascular repair in his review. 
McHenry stated that the consequences of surgical sequence 
are often clouded by other injuries and factors in the multi-
ply injured trauma patient.

Table 2

Study Treatment N N Amputation % Amputation

 1 F 24  2  8.3

 2 F 72  7  9.7

 3 F  6  2 33.3

 3 V 13  0 0.

 4 V 23 11 47.8

 5 F  5  0 0.

 5 V 22  0 0.

 6 F 10  0 0.

 6 V 16  2 12.5

 7 F 30  1  3.3

 7 V  8  0 0

 8 F  6  0 0

 9 F 15  5 33.3

 9 V 20  2 10.0

10 F 10  1 10.0

10 V 3  1 33.3

11 F 10  0 0.

12 F 1130 27 23.9

13 F 17  3 17.6

14 F  5  1 20.0

14 V  3  0 0.

15 V 31  7 22.6

16 V 14  3 21.4

17 V  3  0 0.

18 F  2  0 0.

18 V  3  0 0.

F = fracture fi xation performed fi rst
V = vascular repair performed fi rst

Table 3

Sequence N Mean Amp (%) Max Amp (%) Std Dev

F 14 11.4 33.3 12.3

V 12 12.3 47.8 16.0

F = Fracture fi xation was performed fi rst
V = Vascular repair was performed fi rst
Mean amp = average percentage of amputations in the treatment group
Max amp = the most amputations in any one study

Table 4

Sequence N
Weighted Mean 

(%) Amp Max Amp (%) Std Dev

F 14 15.1 33.3 48.9

V 12 16.4 47.8 60.4

F = Fracture fi xation was performed fi rst
V = Vascular repair was performed fi rst
N = number of studies
Weighted Mean Amp =  mean percent amputations weighted based on num-

ber of patients in each treatment group
Max amp = the most amputations in any one study
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Weaver and Waterhouse16 performed a review of 31 patients 
with fractures and concomitant vascular injury, 16 of which 
had femoral fractures. The authors recommend vascular repair 
fi rst and confi rm the observations of Conolly, Starr, and 
McHenry that the vascular repair is not disrupted by subse-
quent fracture fi xation. Weaver and Waterhouse believe that 
the profi ciency of collateral circulation is an important factor 
affecting ischemia time and that it is diffi cult to measure. 
12/31 patients underwent amputation due to vascular disrup-
tion and secondary soft tissue infection. This emphasizes the 
need for a clean, viable soft tissue environment. The authors 
found a frequent association between this type of injury and 
permanent neurologic defi cits and felt that fractures should be 
stabilized externally in most cases. The authors recommended 
frequent and early post-operative debridement of non-viable 
soft tissue with early coverage or closure to prevent soft tis-
sue/bony infection. The authors concluded that amputation 
was more likely due to soft tissue issues than ischemia.

Schlickewei1 performed a large retrospective review of 
113 patients with fracture and vascular injury. 30 of these 
patients had a femoral fracture with associated vascular 
injury and underwent fracture fi xation before revasculariza-
tion. In this series, 27 amputations were performed, although 
the author did not specify the location. The interesting aspect 
of this study was the analysis done on the patients who 
underwent amputation. 51.8% of the amputations occurred 
in limbs with an ischemia time of greater than six hours. 
81.4% of amputations occurred in limbs with major soft tis-
sue injury. 85.2% of amputations occurred in limbs with 
open fractures. Schilckewei has shown that soft tissue injury 
and open fractures may be better predictors than ischemia 
time for amputation. These patients were a particularly com-
plicated group with multiple injuries, with 11/113 deaths.

Kootstra and Schipper4 published a case series of eight 
patients with femoral fracture and vascular injury who 
underwent internal fi xation followed by vascular repair. The 
patients experienced an average ischemia time of 22 hours. 
One patient underwent an above the knee amputation and 
one patient underwent a below the knee amputation. The 
authors concluded that a delay in revascularization has a 
relative, but not absolute signifi cance and that repair should 
be attempted even after a signifi cant ischemia time.

Drost and Rosemurgy22 reviewed over 10,000 trauma 
admissions and found 22 patients with combined orthopedic 
and arterial injuries of the lower extremity. The authors 
excluded immediate primary amputations from their study, 
instead focusing on salvageable limbs. Fracture fi xation was 
performed prior to revascularization in eleven of the 22 
patients and revascularization was performed fi rst in the rest. 
No vascular disruptions occurred in the group that under-
went vascular repair prior to fracture fi xation. Drost and 
Rosemurgy found that the mechanism of injury, injury sever-
ity score, sequence of vascular and orthopedic procedures, 
length of ischemia time, and presence of open fracture did 
not affect limb salvage or outcome. However, the presence 

of neurosensory impairment, soft tissue loss, and injuries 
distal to the popliteal artery were predictors of disability and 
amputation. Amputations were performed in eight of the 
twenty two patients. In the amputation group, the average 
ischemia time was 8.8 ± 3.8 hours, 75% had a neurosensory 
defi cit, 100% had open fractures, and 75% had soft tissue 
injury. In the limb salvage group, the average ischemia time 
was 10.2 ± 4.2 hours, 50% had a neurosensory defi cit, 86% 
had an open fracture, and 21% had a soft tissue injury. The 
authors attribute four of the amputations to a failed vascular 
repair and four to soft tissue loss. It appears again that isch-
emia time does not adequately assess vascularization and is 
not an accurate predictor of amputation. Drost and Rosem-
urgy also looked at the long term functional capabilities of 
their patients. Seven of the eight patients who underwent 
amputation were “doing well” and working, while only six 
of the fourteen patients who had limb salvage were doing the 
same. The authors want to challenge the notion that limb 
salvage should be the only acceptable goal of treatment.

Iannacone and DeLong14 reported on their case series of 
six patients who sustained femoral fractures with vascular 
injury who were initially stabilized with external fi xation 
and later converted to intramedullary nail. In this series, the 
authors felt that initial external fi xation had the advantages 
of rapid application, restoration of skeletal stability, and pro-
tection of the soft tissues while allowing access for subse-
quent vascular repair and protecting that repair once it has 
been performed. Because external fi xation had been shown 
to increase the occurrence of delayed union, the authors used 
primary exchange to intramedullary nail. The average isch-
emia time in this series was fi ve hours and the time needed 
for external fi xation was 40 minutes. The authors feel that 
since external fi xation can be performed this rapidly, it does 
not signifi cantly increase the ischemia time and therefore the 
benefi ts outweigh the disadvantages. No amputations were 
done in this series. 

Starr and Hunt’s12 retrospective analysis of 26 patients 
studied internal versus external fi xation of femoral fractures 
with associated vascular injury. Fracture fi xation was per-
formed fi rst in sixteen cases and vascular repair was performed 
fi rst in nine cases. The authors experienced no  disruptions of 
the vascular repair in patients who had revascularization 
prior to fracture fi xation. The study was not randomized and 
the patients who had external fi xation prior to vascular repair 
were more hemodynamically unstable and tended to have 
poorer outcomes. The authors feel that the orthopedist must 
make a realistic judgment as to whether the planned skeletal 
stabilization can be performed quickly enough to avoid 
approaching the ischemic threshold. Immediate skeletal fi x-
ation not only has the advantage of creating a stable environ-
ment for the vascular repair, but has also been shown to 
reduce the pulmonary complications in multiple trauma 
patients. In this study, poor outcomes were signifi cantly 
associated with a mangled extremity severity score of greater 
than six, rather than ischemia times. 
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Bishara and Pasch reported a limb salvage rate of 97% in 
38 patients with fractures in a variety of extremitites and 
venous or arterial injuries. Fracture fi xation was performed 
prior to revascularization in 79% of cases. Average ischemia 
time was 19 hours, again refl ecting the relative nature of 
ischemia times and the importance of collateral circulation. 
Only six of the 38 patients in this series had injury to the 
superfi cial femoral artery, with none of these patients under-
going amputation. 

Kluger and DiChristina2 reviewed 765 trauma admissions 
and found that 1.3% had acute vascular injuries with com-
minuted femoral fractures. Nine patients underwent internal 
fi xation prior to revascularization and one patient underwent 
external fi xation prior to revascularization. No amputations 
were performed. The authors felt that mechanical protection 
of the vascular repair was mandatory for success and made 
this a priority. The average time for ORIF in the series was 
30–45 minutes. 

Moniz and Ombrellaro11 reviewed a total of 52 cases of 
vascular injury in the lower extremity, 65% of which had a 
fracture. Revascularization was accomplished before fracture 
fi xation in all cases. The femoral artery was injured in 23 of 
the 52 cases. Fourteen above the knee amputations were 
needed as well as 2 below the knee amputations. The authors 
found that long ischemia times did not infl uence the rate of 
amputation. Patients often had a vascularized, yet non-func-
tional limb secondary to neurologic or soft tissue injury. Two 
or more bone fractures were predictive of amputation. 

Rosental10 studied 21 patients with femoral fracture and 
vascular injury to determine a difference in the outcomes 
between internal and external fi xation. External fi xation was 
performed after vascular repair in eleven cases. Internal fi xa-
tion was performed prior to vascular repair in six cases and 
after vascular repair in two cases. The internal fi xation group 
and the external fi xation group each had two amputations. 
Both amputations in the internal fi xation group had vascular 
repair before fracture fi xation. Rosental reported no disrup-
tions of the vascular repair10 from traction during fracture 
fi xation and stated that there is a widespread, but unsup-
ported belief that without fi xation of the fracture, the vascu-
lar repair will fail. He felt that the delay between injury and 
revascularization wasn’t the critical factor in limb salvage 
since the average ischemia time in limb salvage cases was 
fi fteen hours while it was 14 hours in the amputation cases. 
The preservation of the limb was most directly related to the 
success of the arterial repair and the extent of soft tissue 
injury. The dissection necessary for internal fi xation leads to 
soft tissue disruption and venous disruption and could be the 
etiology of poorer outcomes in the internal fi xation groups. 

Guercio and Orsini8 performed a retrospective analysis of 
68 patients with vascular injury and concurrent fracture. 26 
patients in this analysis had a fracture of the femur and 
underwent fracture fi xation prior to revascularization. The 
authors felt that the brief prolongation ischemia caused by 

immediate fracture fi xation did not affect the general out-
come of the treatment. Stabilization of the fracture facilitates 
the vascular repair and causes little or no aggravation of the 
already damaged vascularity of the limb. The authors per-
formed two amputations. A delay of treatment for greater 
than twelve hours was the most common cause for amputa-
tion in their experience. 

Connolly and Whittaker5 reviewed 36 patients with femo-
ral or popliteal vascular injuries with associated fracture to 
look at internal versus external fi xation. Arterial repair was 
performed fi rst in all patients within eight hours. The authors 
report no damage to the vascular repair with subsequent 
fracture fi xation and explained that the resistance of soft tis-
sues serves to absorb the majority of forces in skeletal trac-
tion. The authors recommended 4.5–6.8 kilograms of skele-
tal traction. Two of six patients undergoing internal fi xation 
required amputation while one of seven patients undergoing 
external fi xation required amputation. Connolly felt that 
absolute ischemia time should not be established. Length of 
delay prior to treatment, the extent of collateral circulation, 
the amount of soft tissue damage, and the presence of infec-
tion were identifi ed as factors predictive of outcome. The 
authors stressed the importance of adequately treating the 
soft tissue injury.

DiChristina3 studied thirteen blunt femoral fractures with 
vascular injury where fracture fi xation was performed fi rst in 
ten of thirteen cases and accomplished in approximately 
thirty minutes in each case. Amputation was required in ten 
percent of the cases in which fracture fi xation occurred fi rst 
and in one third of the cases in which vascular repair occurred 
fi rst. Twelve of the thirteen cases had ischemia times of 
greater than six hours. Prophylactic fasciotomies were per-
formed in all cases. The functional outcomes depended on 
the soft tissue damage.

Conclusion

Femoral fractures with associated vascular injury are an 
uncommon injury representing 0.3–3% of trauma admis-
sions. Limb salvage has increased in recent years, likely due 
to an increased index of suspicion for vascular injury and 
better cooperation between orthopedic and vascular sur-
geons. There has been a widespread but unsupported belief 
that manipulation and traction during fracture fi xation will 
disrupt the vascular repair. Ischemic time should be consid-
ered a relative, but not absolute predictor of amputation. Soft 
tissue injury and neurologic defi cits have been found to be 
highly correlated with disability and amputation. Coopera-
tion between the orthopedic surgeon and vascular surgeon is 
very important as the orthopedic surgeon must make a clini-
cal judgment as to whether his fi xation can be accomplished 
quickly enough to avoid prolonged ischemic times. Surgical 
sequence has not been shown to affect the rate of amputa-
tions in this injury. 



17

Temple University Journal of Orthopaedic Surgery & Sports Medicine, Spring 2008

References

 1. Schlickewei W, Kuner EH, Mullaji AB, Gotze B. Upper and lower limb 
fractures with concomitant arterial injury. J Bone Joint Surgery Br 
1992;74(2):181–8.

 2. Kluger Y, Gonze MD, Paul DB, DiChristina DG, Townsend RN, Raves 
JJ, Young JC, Diamond DL. Blunt vascular injury associated with 
closed mid-shaft femur fracture: a plea for concern. J Trauma 1994;
36(2):222–5.

 3. DiChristina DG, Riemer BL, Butterfi eld SL, Burke CJ 3rd, Herron MK, 
Phillips DJ. Femur fractures with femoral or popliteal artery injuries in 
blunt trauma. J Orthop Trauma 1994;8(6):494–503.

 4. Kootstra G, Schipper JJ, Boontje AH, Klasen HJ, Binnendijk B. Femo-
ral shaft fracture with injury of the superfi cial femoral artery in civilian 
accidents. Surg Gynecol Obstet 1976;142(3):399–403.

 5. Connolly JF, Whittaker D, Williams E. Femoral and tibial fractures 
combined with injuries to the femoral or popliteal artery. A review of 
the literature and analysis of fourteen cases. J Bone Joint Surg Am 
1971;Jan;53(1):56–68.

 6. Kirkup JR. Major arterial injury complicating fracture of the femoral 
shaft. J Bone Joint Surg Br 1963;45-B:337–43.

 7. McHenry TP, Holcomb JB, Aoki N, Lindsey RW. Fractures with major 
vascular injuries from gunshot wounds: implications of surgical 
sequence. J Trauma 2002;53(4):717–21.

 8. Guercio N, Orsini G. Fractures of the limbs complicated by ischaemia 
due to lesions of the major vessels. Ital J of Orthop Traumatol 1984;
10(2):163–85.

 9. Seligson D, Ostermann PA, Henry SL, Wolley T. The management of 
open fractures associated with arterial injury requiring vascular repair. 
J Trauma 1994;37(6):938–40.

10. Rosental JJ, Gaspar MR, Gjerdrum TC, Newman J. Vascular injuries 
associated with fractures of the femur. Arch Surg 1975;110(5):494–9.

11. Moniz MP, Ombrellaro MP, Stevens SL, Freeman MB, Diamond DL, 
Goldman MH. Concomitant orthopedic and vascular injuries as predic-
tors for limb loss in blunt lower extremity trauma. Am Surg 1997;
63(1):24–8.

12. Starr AJ, Hunt JL, Reinert CM. Treatment of femur fracture with asso-
ciated vascular injury. J Trauma 1996;40(1):17–21.

13. Bishara RA, Pasch AR, Lim LT, Meyer JP, Schuler JJ, Hall RF Jr, Flani-
gan DP. Improved results in the treatment of civilian vascular injuries 
associated with fractures and dislocations. J Vasc Surg. 1986;3(5):
707–11.

14. Iannacone WM, Taffet R, DeLong WG Jr., Born CT, Dalsey RM, 
Deutsch LS. Early exchange intramedullary nailing of distal femoral 
fractures with vascular injury initially stabilized with external fi xation. 
J Trauma 1994;37(3):446–51.

15. Howard PW, Makin GS. Lower limb fractures with associated vascular 
injury. J Bone Joint Surg Br 1990;72(1):116–20.

16. Weaver FA, Rosenthal RE, Waterhouse G, Adkins RB. Combined skel-
etal and vascular injuries of the lower extremities. Am Surg 1984;
50(4):189–97.

17. Karavias D, Korovessis P, Filos KS, Siamplis D, Petrocheilos J, 
Androulakis J. Major vascular lesions associated with orthopaedic inju-
ries. J Orthop Trauma 1992;6(2):180–5.

18. Isaacson J, Louis DS, Costenbader JM. Arterial injury associated with 
closed femoral-shaft fracture. Report of fi ve cases. J Bone Joint Surg 
Am 1975;57(8):1147–50.

19. Guggenmoos-Holzmann I. The meaning of kappa: probabilistic con-
cepts of reliability and validity revisited. J Clin Epidemiol 1996;49(7):
775–82.

20. Ashworth EM, Dalsing MC, Glover JL, Reilly MK. Lower extremity 
vascular trauma: a comprehensive, aggressive approach. J Trauma 
1988;28:329–336.

21. Miller HH, Welch CS. Quantitative studies on the time factor in arterial 
injuries. Ann Surg 1949;130:428.

22. Drost TF, Rosemurgy AS, Proctor D, Kearney RE. Outcome of treat-
ment of combined orthopedic and arterial trauma to the lower extrem-
ity. J Trauma 1989;29:1331–1334.



18

Clinical Research

PediGuardTM: A Solution for the Challenges 
of Pedicle Screw Placement

RANDAL R. BETZ, MD,1 AMER F. SAMDANI, MD,1 MLADEN DJURASOVIC, MD,2 
STEWART I. BAILEY, MD,3 COURTNEY BROWN, MD,4 JAHANGIR ASGHAR, MD,1 

LINDA P. D’ANDREA, MD,5 JOHN DIMAR, MD,6 
HARRY L. SHUFFLEBARGER, MD,7 JOHN GAUGHAN, PHD8

1Shriners Hospitals for Children, Philadelphia, PA, 2Leatherman Spine Center, Louisville, KY,
3Westminster Hospital, London, Ontario, Canada, 4Panorama Orthopedics and Spine Center, Golden, CO, 

5Brandywine Institute of Orthopaedics, Pottstown, PA, 
6Department of Orthopaedic Surgery, University of Louisville, Louisville, KY, 7Miami Children’s Hospital, Miami, FL, 

8Department of Biostatistics, Temple University School of Medicine, Philadelphia, PA

Confl ict of interest statement: Supported by a research grant from SpineVision, Inc. 

dural tear,19 nerve root injuries,19 paraplegia,6, 16, 19, 23 or vas-
cular injury.8 

Much of the variation in perforation rates in the literature 
depends on the method used to determine the perforation. 
Studies using a postoperative CT scan reviewed by indepen-
dent or blinded reviewers show higher rates of perforation 
than those determined by radiograph.

Many surgeons rely on plain radiographs to assess screw 
perforation postoperatively. However, the number of malpo-
sitioned screws are underestimated. In an article by Learch, 
et al.13 using cadaver specimens of the lumbar spine, only 
63% of the screw positions were correctly identifi ed on 
radiograph as compared to 87% with CT scan. 

When inserting screws in the pedicle, surgeons rely on 
various methods to ensure accurate placement. The gold 
standard is manual probing, often with or without fl uoros-
copy. The “freehand technique” is based on knowledge of 
spinal anatomy.14 This technique results in the least radiation 
exposure to the patient and surgeon but is less accurate in 
placing contained pedicle screws as compared to imaging 
techniques.12 

A fl uoroscopic technique may provide more consistent 
results but carries some risks associated with radiation dose, 
especially to young patients17, 21 and to the surgeon.21 

Three dimensional image-guided surgery (IGS) can result 
in better screw accuracy. Surgeons have also used various 
electrophysiological monitoring techniques such as EMG 
and somatosensory evoked potentials (SEP) for assess-
ing nerve root function and pedicle screw placement.12, 17 
 Clements, et al.5 report thresholds above 10 mA as being 
associated with no postoperative nerve root radiculopathies. 

Despite all of the above mentioned techniques, there is 
still a need for an effi cient, simple, and cost effective device 
which will help the surgeon to more safely drill a pilot hole 
for placement of a pedicle screw.

Abstract

Pedicle screw fi xation is not without complications, 
one of which is pedicle perforation, with rates ranging as 
high as 40%. Much of the variation in perforation rates in 
the literature depends on the method used to determine 
the perforation. Studies using a postoperative CT scan 
reviewed by independent or blinded reviewers show 
higher rates of perforation than those determined by 
radiograph. Despite all of the available techniques used to 
minimize perforation, there is still a need for an effi cient, 
simple, and cost effective device which will help the sur-
geon to more safely drill a pilot hole for placement of a 
pedicle screw. In a US clinical randomized trial, prelimi-
nary analysis of patients having had surgery for degenera-
tive conditions with titanium screws between T12 and S1 
shows a signifi cant clinical trend in reduction of breach 
(by 8%) using the PediGuardTM device and a six-fold 
reduction in medial breaches. In a separate cohort of 
patients comparing PediGuardTM and a fl uoroscopic tech-
nique, the average radiation exposure was reduced by 
approximately 30% with PediGuardTM.

Introduction

Pedicle screw fi xation has been shown to be superior to 
other methods of instrumentation of the spine for spinal 
fusion and correction of spine deformity.4, 7, 9–11, 15, 18, 20 In a 
meta-analysis of the literature by Yahiro22 of 5,756 patients 
reported in 101 articles, the success of fusions with pedicle 
screws was 94.8%, attesting to the clinical usefulness of this 
technique.

Pedicle screw fi xation is not without complications, one 
of which is pedicle perforation, with rates ranging as high as 
40%.1 Perforations can further lead to complications such as 



19

Temple University Journal of Orthopaedic Surgery & Sports Medicine, Spring 2008

In 2006, a study group was assembled to investigate the 
effectiveness of the PediGuardTM device for placement of the 
pedicle screw pilot drill hole, reducing pedicle screw 
breaches during thoracic and lumbar pedicle screw fi xation 
of the spine. The fi rst hypothesis is that the PediGuardTM 
would be more accurate for pedicle screw placement as com-
pared to other standard manual techniques of pedicle screw 
insertion. The second hypothesis is that the PediGuardTM 
will not be inferior to fl uoroscopic techniques for pedicle 
screw insertion; however, the radiation dose will be less in 
the PediGuardTM group. 

Materials and Methods

PediGuardTM is a wireless electronic handheld pedicle 
screw pilot hole preparation instrument designed to continu-
ously monitor the electrical conductivity of the tissue at its 
tip throughout the drilling process. It provides audible and 
visual feedback in response to local tissue conductivity 
changes. This feedback allows the surgeon to discriminate 
between different types of tissue in contact with the tip, 
detecting possible vertebral cortex perforations. PediGuardTM 
has received FDA 510(k) clearance for commercial distribu-
tion in the US.

PediGuardTM features bipolar electrodes that avoid any 
shunting effect and keep the measured electrical conductiv-
ity independent of the insertion depth. When in the same 
medium, the electrical conductivity remains constant while 
the instrument is advanced into the vertebral pedicle. Varia-
tion occurs when the instrument passes through a boundary 
between two different media; for example, bone vs. blood. 
As shown in Figure 1, PediGuardTM consists of an awl instru-
ment with a hollow handle that accepts a built-in electronic 
printed circuit board. The electronic components allow per-
forming measurements, with translation to audible signal 
and colored LEDs (Light Emitting Diodes) to be used as 
feedback to the surgeon. 

Surgical Techniques Using PediGuardTM 

Determination of the size and style of the probe. First, the 
surgeon determines in which area of the spine the pedicles 
will be drilled. In the lower lumbar spine, generally a 4.0-mm 
diameter tip would be most advantageous. If one needs to go 
to L1 and L2 and, on radiograph, the pedicles look extremely 
small, one may wish to use 3.2 mm tip. If one is instrument-
ing most of the thoracic spine, the 3.2-mm or the 2.5-mm 
probe will be most advantageous.

There are two different styles of tip. The four-edge probe 
is much duller and is best used where there is soft cancellous 
bone within the pedicle. This would in most cases occur with 
degenerative spine in older patients. Where the cancellous 
bone is harder, it is recommended that one use the tri tip. 
Because the tri tip provides better control without having to 
push, it is widely preferred by surgeons. 

The PediGuardTM is used in an anticipatory function dur-
ing drilling of the vertebral pedicle. Due to the shape of the 
electromagnetic fi eld at the tip of the device, the pitch and 
cadence of the sound emitted slightly changes before the 
nature of the bone or tissue changes.2 When fi rst entering the 
cancellous bone, keeping fi rm pressure is necessary to get a 
sense of the rate and pitch of the sound for that particular 
pedicle. As one advances, if the rate and pitch slow, then one 
is probably near or up against cortical bone. One can then 
gently reangle the tip, keeping fi rm pressure to look for the 
original sound of the cancellous bone. Once the sound of the 
original cancellous bone is heard, then one should advance 
the PediGuardTM in that direction. It is extremely important 
to not decrease pressure of the tip on the bone, or blood will 
intervene, and then a very high pitch and rate of sound will 
result. In addition, if one angles the tip too far in any one 
direction, then blood will seep in and surround the electrode 
tips, and a high pitched, high cadence sound will be heard as 
a consequence of the tip measuring blood.

Figure 1. PediGuardTM Device
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In diffi cult pedicle screw placements, this anticipatory 
function can also be used for placing a drill hole going from 
the outside in, especially in the thoracic spine. In this sce-
nario, one may wish to slide down the lateral side of the 
transverse process and upper lateral wall of the pedicle. One 
can then assure that cortical bone has been reached by the 
slow rate and low pitched sound. Then, one can drill through 
the lateral cortex of the pedicle and enter the cancellous bone 
of the pedicle and then on to the vertebral body, assuring that 
the tip is contained within bone. 

If one does perforate outside of the pedicle wall, either 
medially or laterally, the device will detect this with a high 
rate, high pitched sound. When this happens, the Pedi-
GuardTM device should be removed. One can still use bone 
wax or FloSeal or any other anticoagulant to try to decrease 
the bleeding out of the pedicle hole. One should then take a 
ball tip probe and palpate the walls of the pedicle to confi rm 
the location of the breach. Sometimes, palpating the breach 
may be diffi cult, as the PediGuardTM is so accurate that only 
the very tip of the probe may perforate into the soft tissue 
before a large hole is made. Either way, if one can determine 
the location of the breach, one can redirect the PediGuardTM 
and create a new pedicle drill hole. One just reinserts the 
PediGuardTM device and puts it up fi rmly against cancellous 
bone and then begins drilling again. If the breach location is 
known (medial, lateral, superior, inferior), the surgeon can 
direct away from that. Otherwise, he or she should just con-
tinue to listen to the sound carefully and advance as appro-
priate. There are times when the surgeon cannot advance 
past the medial and lateral wall without perforation due to 
the starting hole entry point. It may be necessary on occasion 
to move the starting hole more laterally, even to the point of 
an outside-in technique, in order to pass through the pedicle 
morphology at that level.

Study Design

The study design includes a randomized process of pedi-
cle screw insertion in which the surgeon alternates between 
the pedicle drill hole being placed using PediGuardTM versus 
his or her other standard technique, either manual or fl uoro-
scopic. The randomization occurs with the fi rst hole drilled. 
Then, the insertion technique (PediGuardTM versus surgeon’s 
standard technique) alternates with each additional screw 
going left to right and proximal. Once the pedicle drill hole 
is placed, all other aspects of the pedicle screw insertion, 
including tapping, screw insertion, and electrical stimula-
tion, are the same for both techniques. As part of standard of 
care, a postoperative CT scan is performed on every patient. 
The CT scans were reviewed by a team of fi ve surgeons very 
familiar with pedicle screw insertion, and consensus on the 
placement of each screw was required.

Data Collection

Subjects who were scheduled to undergo thoracic and/or 
lumbar pedicle screw fi xation during spine surgery were 

recruited from the clinical practices of the six participating 
surgeons. Written IRB-approved informed consent was 
obtained during a pre-surgery offi ce appointment and prior 
to randomization. 

The technique for drilling the pedicle screw pilot hole 
developed by Dr. Harry Shuffl ebarger begins with obtaining 
a true AP image of the spine by rotating the fl uoroscope and/
or the patient. An awl is employed to initiate the starting 
hole. A 2.5 mm or 2.7 mm drill bit is utilized. The starting 
point is just lateral to the lateral wall of the pedicle, with 
drilling directed toward the medial pedicle wall. The angle 
of the drill varies with the vertebral rotation. The depth 
before passing medial to the medial wall of the pedicle is 
approximately 18–20 mm, assuring that one is past the spi-
nal canal. The surgeon must determine the length of the 
fl utes on the drill bit to enable determination of the depth of 
penetration of the drill. After the drill tip passes the medial 
pedicle cortex, it may be advanced a few mm further into the 
cancellous bone of the vertebral body. There is no set num-
ber of fl uoro shots taken during this procedure; it is done 
according to the anatomy of each different level. For the side 
utilizing the PediGuard, a starting point image is obtained on 
the fl uoroscope, and then the PediGuard is used to navigate 
the pedicle. Position and passage medial to the medial wall 
is still confi rmed on the fl uoroscope. In most circumstances, 
fewer fl uoro shots are needed because the PediGuard pro-
vides its own feedback with regards to location within the 
pedicle. The pedicle screws are then inserted in a standard 
fashion. For this study, the number of fl uoro shots were 
counted for each pedicle hole drilling, whether done with the 
standard method or with PediGuard.

Results

US Clinical Trial 

Utilizing this consensus data, a group of 7 patients had 
titanium screws between T12 and S1 for degenerative surgi-
cal procedures, with 62 screws placed by a manual technique 
and 60 with the current PediGuardTM. With the manual tech-
nique, 79% of screws were within 2 mm and 21% of pedicle 
screw breaches were out by greater than 2 mm. Using the 
PediGuardTM, there was a trend toward signifi cant improve-
ment, with 86.7% being within 2 mm and 13.3% being out 
greater than 2 mm. This 8% improvement with PediGuardTM 
appears to be a signifi cant clinical trend (Table 1).

Table 1. Breaches T12 to S1, Titanium Screws, 
Degenerative Cases

PediGuardTM 
N = 60

Manual
N = 62

Anterior 3 (5%) 4 (6.5%)
Lateral 3 (5%) 3 (5%)
Medial 1 (1.5%) 6 (9.5%)
Superior 1 (1.5%) 0

Total 8 (13%) 13 (21%)
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An analysis of the direction of the breach shows a very 
signifi cant reduction in medial breaches (Table 1). With the 
standard manual technique, 6 of 62 screws (9.5%) were out 
medially versus only 1 of 60 screws (1.5%) with the Pedi-
GuardTM. Lateral and anterior breaches were similar. This 
fi nding of a six-fold reduction in medial breaches becomes 
more signifi cant when considering that all screws were tested 
with EMG monitoring and recorded above 10 mA.

A study by Ul Haque, Shuffl ebarger et al.21 on radiation 
exposure with all screw constructs in adolescent idiopathic 
scoliosis showed that a nonclassifi ed radiation worker (i.e. 
the surgeon) inserting approximately 2,800 screws under 
fl uoroscopic guidance received in one year the ten-year 
equivalent of allowable radiation for a nonclassifi ed worker. 

In the US clinical trial of PediGuardTM, we analyzed defor-
mity cases with titanium screws between T11 and S1 and 
compared screws inserted following drilling with fl uoro-
scopic drilling alone versus PediGuardTM. CT assessment of 
screws demonstrated breaches greater than 2 mm to be equal 
in both groups (Table 2). These data are encouraging because 
the perforation rate greater than 2 mm is equal by both tech-
niques, the average time per screw is reduced by approxi-
mately 10%, and the average radiation exposure is reduced 
by approximately 30% with PediGuardTM (Table 3).

Table 2. Percentage of Breaches: 
Deformity Cases T11-S1, Titanium

In Out > 2 mm

PediGuardTM 81.4 18.5
Fluoroscopy 80.7 19.2

Table 3. Radiation Exposure

Time (seconds) Number of Fluoro Shots

PediGuardTM 211 3.2
Fluoroscopy 229 4.5

Discussion

Other clinical studies have demonstrated the safety and 
effi cacy of the PediGuardTM device. Bolger et al.3 reported a 
clinical study of 28 patients with 147 screws to determine 
cortical perforations. A total of 23 (16%) vertebral cortex 
perforations out of the 147 manual pedicle drillings were 
confi rmed. Of these 23 perforations, 22 (95.7%) were 
detected by the PediGuardTM during the procedure. A total of 
12 vertebral cortex perforations (52.2%) were detected by 
the PediGuardTM but not by the physician. 

During the second phase of this study, Bolger et al.3 
reported on an additional 374 pedicle drillings performed on 
69 patients. Postoperative CT imaging showed 41 confi rmed 
breaches (41 of 374, or 11%). The PediGuardTM had cor-
rectly detected 100% of the breaches. Pearson’s correlation 
coeffi cient was 374.000 (P < 0.001). Three false positives 
occurred where there was an increase in the frequency of the 

beats; however, no break was detected in the pedicle cortex 
on postoperative CT scan. This so-called false positive can 
occur, as only the tip of the PediGuardTM goes through the 
cortex and a true hole is not made. The PediGuardTM drill 
hole can be redirected such that the fi nal position of the 
screw on CT scan is then in a correct position. 

Conclusion

Preliminary analysis of patients having had surgery for 
degenerative conditions with titanium screws between T12 
and S1 shows a signifi cant clinical trend in reduction of 
breach (by 8%) using the PediGuardTM device and a six-fold 
reduction in medial breaches. In patients with deformity 
having titanium screws, performance between PediGuardTM 
and a fl uoroscopic technique for creating a drill hole for 
pedicle screw insertion appears to be equal. However, data 
suggest that the average time per screw is reduced by approx-
imately 10% and also the number of fl uoro shots per screw 
are signifi cantly reduced with the PediGuardTM, reducing the 
average radiation exposure by approximately 30%.
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hypoplasia in the remaining 14. The mean age at the time of 
lengthening was 10.2 years (range 4 to 19 years). The limbs 
were lengthened a mean of 6.1 cm (range 3.5–9 cm), and the 
time in the fi xators averaged 8.1 months (range 4–13 months). 
Mean follow up was 1.5 years post operatively.

Statistical analysis was performed using a paired t-test, 
with p < 0.05 being considered signifi cant.

Results

The initial (immediate post op) mean deformity in the 
sagittal plane was 8.3° (range 3–18°). This deformity did not 
progress during lengthening, with mean sagittal deformity 
measurements of 6.8° (range 0–21°) at follow up 
(P < 0.05). There were 2 patients with angular deformities 
>10°. Mean displacement measured in the sagittal plane 
(either anterior or posterior) was 3.1 mm (range 0–22 mm). 

The initial (immediate post op) mean deformity in the 
coronal plane was 9.6° (range 0–26°). This deformity did not 
progress during lengthening, with mean sagittal deformity 
measurements of 8.2° (range 0–26°) at follow up (P < 0.05). 
There were 6 patients with angular deformities >10°. Mean 
displacement measured in the sagittal plane (either anterior 
or posterior) was 4.0 mm (range 0–18 mm). 

Discussion

Angular deformities, although typically small, can occur 
in the sagittal plane, and may be accompanied by displace-
ment. These deformities are usually present immediately 
post operatively and typically do not worsen signifi cantly 
with lengthening. 

Clinically there appears to be little limitation in function, 
but often the underlying condition, in this case congenital 
femoral defi ciency, may have functional limitations that 
mask any small changes in function. Despite this, 20% of 
limbs had angular deformities of >10 degrees. Therefore a 
fi xator that would allow for multi-plane correction during 
the lengthening would be a benefi t in this population. 

Introduction

Limb lengthening procedures are commonly performed in 
children primarily to correct limb length inequality due to a 
variety of etiologies.1–4 Although these techniques are com-
monly successful at achieving their primary goal of limb 
length equality and angular correction, complications are 
common.5–10 Complication rates vary depending on the 
underlying etiology, location of the limb lengthening, degree 
of lengthening, defi nition of “complication,” and experience 
of the medical team.1, 11–14 Angular deformities have typically 
been assessd in the coronal plane. This data is extracted from 
a series of papers that address the multitude of complications 
that occur during limb lengthening. Typically they address 
only residual deformity and do not attempt to defi ne how or 
when the deformities occur and none have address angular 
deformities as they occur in the sagittal plane. This manu-
script has focused exclusively on the angular deformity that 
occur after femoral lengthenings. We hypothesis that angular 
deformities are uncommon, and occur primarily in the coro-
nal plan with lengthening, ie that they drift into varus as the 
laterally placed fi xator lengthens. The purpose of this study 
is to determine the incidence and degree of sagittal plane 
deformity that occurs during limb lengthening of the femur.

Methods

 This is an IRB approved retrospective review of patients 
that underwent a femoral lengthening at our institution. A 
chart review was performed to determine the demographic 
data, diagnosis, procedure and complications. Radiographic 
assessment was performed to assess degree of angulation 
and displacement at the level of the corticotomy from the 
lateral radiographs. Radiographs were assessed peri-
operatively, after lengthening and at the latest follow up. 

21 patients (25 limbs) were identifi ed that met the above 
criteria, 10 females, 11 males, 13 left and 12 right limbs. The 
diagnosis was proximal femoral focal defi ciency in 8, fi bular 
hemimelia (with associated short femur) in 3 and femoral 
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Figure1. Right femur immediately post-placement of external 
fi xator.

Figure 2. Right femur at end of limb lengthening prior to fi xator 
removal.

Figure 3. Example of the technique used to measure the sagittal 
deformity of the femur. Note that a midpoint of the angulation was 
found and intersecting lines created an angle representative of the 
deformity.
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The treatment of this condition is largely conservative, 
with most athletes responding to rest, eccentric strengthen-
ing, and various modalities.10 A considerable number of 
patients, however, do not adequately respond to non-opera-
tive measures. Operative treatments have been described and 
principally involve open debridement of the usually deep, 
devitalized tissue. Drilling, curettage, or removal (apico-
tomy) of the distal pole has also been proposed as a means 
to enhance healing. Romeo and Larson described an 
arthroscopic approach to surgical treatment of patellar ten-
donitis, reporting the successful return of two patients to ath-
letics.17 Subsequently, Ogon et al. described an arthroscopic 
paratenon “release” and bone denervation for chronic tendi-
nopathy, although these investigators did not remove injured 
tendon or bone.13 Most recently, Willberg et al. described an 
arthroscopic “dorsal release” of the neovessels and nerves on 
the dorsal tendon surface.22

For approximately the past six years, the senior author has 
been treating patellar tendonitis with arthroscopic debride-
ment of the painful, abortively healed tendinous tissue cou-
pled with excision of the non-articular distal bony patellar 
excrescence (“arthroscopic mumford”). The rationale for the 
bone excision and the author’s hypothesis is that removal of 
any potential source of bony impingement and the introduc-
tion of local bleeding, replete with growth factors, would 
render results superior to open treatment. Furthermore, the 
ablation of free nerve endings, located at the bone tendon 
junction, may better ensure pain relief.19 The purpose of this 
study is to report the clinical results of arthroscopic debride-
ment and distal patellar pole excision for treatment of refrac-
tory patellar tendonitis.

Materials and Methods

This retrospective study included nine patients with refrac-
tory patellar tendonitis who underwent the ”arthroscopic 
mumford” procedure. Patients who underwent arthroscopic 
tendinous debridement with concomitant distal pole exci-
sion were included. One patient underwent an additional lat-
eral retinacular release at the time of surgery and was 
included. Patients were chiefl y high school or collegiate ath-
letes who had demonstrated failure to respond to at least 
three months of conservative treatment for jumper’s knee. 
All patients underwent a trial of physiotherapy along with a 
guided rest program. All patients complained of persistent 

Introduction

Patellar tendonitis, or jumper’s knee, is a common affl ic-
tion in athletes who participate in rigorous running and 
jumping sports, such as basketball and volleyball.1, 6, 7 The 
pathoanatomy of this condition has been described as cumu-
lative micro- tearing of tendon fi bers, which manifest with 
an inadequate healing response culminating with tissue dem-
onstrating mucoid degeneration and fi brinoid necrosis. Popp 
et al. examined histologic specimens of affected tendon and 
characterized the tissue as “angiofi broblastic tendinosis.”16 
The injured tissue has been demonstrated to lie on the deeper, 
undersurface of the tendon where pain nociceptors reside. 
Since most tendon injury is thought to occur from eccentric 
loading, it is noteworthy that the pathologic tissue in patellar 
tendonitis lies on the deep or dorsal “compressive” side of 
the tendon. Furthermore, the pathoanatomy of the diseased 
tissue is consistent with reaction to a compressive load.8 
Thus, some authors propose that impingement of the distal, 
non-articular pole of the patella, which can be quite promi-
nent (Fig. 1), is implicated in the pathophysiology of patellar 
tendonitis.3, 5, 9, 12 

Figure 1.  Elongated distal pole patella
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pain at the distal aspect of the patella and all patients demon-
strated marked tenderness with palpation on an everted distal 
pole preoperatively (‘Bassett Sign’).15

Surgical Technique 

All patients underwent arthroscopic evaluation under gen-
eral or regional anesthesia. Portals were created in line with 
the distal pole with the knee in extension. Portals were also 
placed as far medially and laterally as possible, so that visu-
alization of the distal pole would be enhanced. A shaver was 
used to excise the local fat pad and enhance visualization of 
the distal pole of the patella. An electrothermal device was 
similarly used to further improve exposure of the non-
articular distal portion of the patella. A spinal needle was 
used to localize the tendon if necessary. Once the proximal 
tendon was visualized, a small shaver was used to debride 
devitalized tissue. Once the medial and lateral borders of the 
tendon were delineated, attention was directed chiefl y to the 
portion of the tendon that was most painful to palpation, as 
noted in the preoperative exam. Usually, the involved, dis-
eased tendon segment demonstrated a more yellowish hue 
than the surrounding healthy tissue. The shaver was used to 
excise devitalized and abnormally appearing tissue. Both 
medial and lateral portals were used to complete the debride-
ment and rarely a 70-degree arthroscope was employed. Fol-
lowing tendon debridement, a small oval burr was introduced 
and approximately 4–5 mm of the distal pole of the patella 
was excised. Care was employed to ensure a full thickness 
excision of bone was removed and no excrescences abutting 
the tendon remained (Fig. 2).

Figure 2. Arthroscopic excision distal pole patella

Postoperatively, patients were placed in a knee immobi-
lizer and allowed to weight bear in extension for approxi-
mately three weeks. Early passive motion was encouraged 
and formal physical therapy was instituted after weight bear-
ing commenced. Once the patient attained full range of 

motion and attained approximately 85% quadriceps strength 
of the contralateral knee, return to activity was permitted. 

The chief determinant of treatment success was tender-
ness of the distal pole of the patella to palpation, which has 
been shown to be a reliable indicator of patellar tendinopa-
thy.2 Tenderness was graded as non-tender, slightly tender, 
moderately tender and severely tender. All patients exhibited 
severe tenderness preoperatively. All patients were evaluated 
at least approximately 3 months postoperatively and thereaf-
ter for distal pole tenderness. Follow-up ranged from approx-
imately 3 months to 5 years.

Results

Nine patients underwent the arthroscopic Mumford from 
2001 to 2006 and all were evaluated at least three months 
postoperatively for point tenderness at the distal pole. Eight 
of nine demonstrated no tenderness at the distal pole with the 
ninth patient demonstrating mild tenderness initially but 
returning to full activity without symptoms (basketball). 
This patient admittedly was noncompliant with postopera-
tive rehabilitation protocol but had no complaints when con-
tacted by phone.

Discussion

The treatment of jumper’s knee can sometimes be frustrat-
ing for the clinician with slow resolution of symptoms often 
common. Refractory cases historically were treated surgi-
cally with open debridement with complete relief attained in 
only 63–80% of patients.5, 7, 12, 14, 16, 18 Romeo fi rst introduced 
arthroscopic treatment in 1999, reporting on complete relief 
in two patients.17 Subsequently, Coleman compared open 
versus arthroscopic treatment of this affl iction with the 
arthroscopic group demonstrating earlier return to sports.4 
However, only half of patients were able to return to compe-
tition in each group.

Arthroscopic treatment of patellar tendonitis affords the 
advantages of faster recovery, less pain, and less likelihood 
of introducing peripatellar fi brosis and paratenon violation. 
Furthermore, recent imaging investigations indicate that the 
damaged tendinous fi bers lie deep to the paratenon and lie 
adjacent to the joint.3 The involved dorsal tendon fi bers have 
also been found to be richly endowed with neovessels and 
nerves.22 Further, Sanchis-Alfonso, using immunohisto-
chemical analysis of retrieved degenerative patellar tendons, 
demonstrated that the tendon bone junction was well inner-
vated and often exhibited “nerve sprouting” indicative of 
free nerve ending growth.19 Arthroscopic approaches to 
de bride ment are therefore inherently advantageous, since 
access to the deeper tendinous surface is enhanced. 

The presence of bony impingement as a possible etiologt 
in the pathogenesis of jumper’s knee was developed by John-
son et al. who posited that a prominent distal patellar pole 
was an etiologic factor for chronic patellar tendonosis.9 This 
“impingement” theory has been more recently contested by 
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Schmid et al. using MRI images.21 These investigators 
showed no material difference in distal patellar pole size in 
symptomatic versus controls. Yet, they did concede that 
symptomatic patients demonstrated a more posterior inser-
tion of the tendon than asymptomatic controls. Furthermore, 
Shalaby and Almekinders did fi nd evidence of a “long infe-
rior pole” in patients with symptoms, although correlations 
with portions of involved tendon were inconsistent.20 Lastly, 
Hamilton posited that the hypoechoic lesions observed in 
tendinosis are the result of an adaptation to compressive 
load.8 While we cannot confi rm the true role of the “impinge-
ment lesion,” we submit that once tendonitis is established, 
the removal of bony excrescence may enhance healing of 
diseased tendon by removal of any potential compressing 
bony elements and the introduction of bleeding — regard-
less of etiology. In addition, removal of bone may more 
effectively ablate the free nerve endings present at the bone 
tendon junction described by Sanchis-Alfonso.19

Of the nine patients evaluated, only one had any residual 
tenderness on early exam. The one singular symptomatic 
patient was contacted by phone at approximately 12 months 
later and did not report any limitations to activity. These 
results compare favorably with both surgical and conserva-
tive regimes.2, 4, 10, 11

Weaknesses of the study include the retrospective nature 
and the reliance on a singular test — point tenderness on the 
distal patellar pole — as a means of assessing improvement. 
However, the authors felt that the absence of tenderness to 
palpation is a reliable sign to indicate recovery.

Conclusions

We conclude that debridement of the patellar tendon cou-
pled with arthroscopic “mumford” is a reasonably success-
ful treatment approach to refractory patellar tendonitis. This 
treatment appears to compare favorably to open means of 
surgical treatment. We cannot, however, state that it is supe-
rior to arthroscopic debridement of the devitalized, richly 
innervated dorsal tissue alone.
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Introduction

Neurogenic or vascular thoracic outlet syndromes involve 
compression of the brachial plexus and/or subclavian ves-
sels. Neurovascular structures may be compressed by the 
fi rst thoracic rib, an aberrant cervical rib, a displaced clavicle 
fracture, an anomalous cervical band from the C7 transverse 
process, a constricted anterior/middle scalene interval, the 
pectoralis minor tendon, the coracoid, or a posterior sterno-
clavicular joint dislocation.3, 7, 11, 16 Patients typically present 
with pain in the apical, scapular, or suprascapular regions of 
the limb with radiation down the limb. Weakness in the hand 
or arm may be present as well. These symptoms change with 
abduction and extension or when carrying objects with the 
effected extremity.15 

Thoracic outlet syndrome may be neurogenic, vascular, or 
both. Involvement of the T1 ventral ramus may lead to radic-
ular symptoms within the T1 sclerodermotomal distribution 
or intrinsic hand muscle weakness. The C8 ventral ramus 
also contributes to hand intrinsic muscle function; this weak-
ness is variable. The dermatomal distribution of the T1 spi-
nal nerve includes the medial aspect of the brachium and the 
axilla. T1 also contributes to the median and ulnar nerve, and 
pain may also radiate to their respective dermatomes, further 
complicating the clinical scenario. 

In the course of gross anatomic instruction, one senior 
author noted an aberrant ligament crossing the fi rst thoracic 
rib (Figures 1–3). This ligament has not been previously 
described, and may act as another compression point of the 
fi rst thoracic ventral ramus. The prevalence and characteris-
tics of this ligament are described. 

Methods and Materials

Twenty-one embalmed cadavers were utilized for the 
study. There were 13 males (26 shoulders) and 8 females (16 
shoulders). A right sided exposure was performed to visual-
ize all structures of the anterior and posterior triangles of the 
neck. The left shoulders were dissected through a supra-
clavicular approach to the brachial plexus. The T1 ventral 
ramus was identifi ed distal to its passage through the ante-

Abstract

Introduction: Preclavicular entrapment of the T1 ven-
tral ramus can lead to radiculopathy, neurogenic thoracic 
outlet syndrome, or both, as a “double crush” phenome-
non. The usual sites of entrapment include the neural 
foramen, the interscalene interval, an aberrant cervical 
rib, the fi rst rib itself, or any apical thoracic mass (e.g. 
Pancoast tumor). We describe a previously undocumented 
intracostal ligament that limits the potential space through 
which the T1 ventral ramus may pass prior to crossing the 
superior aspect of the fi rst rib.

Materials and Methods: Forty-two shoulders from 21 
embalmed cadavers (13 male, 8 female) were dissected. 
The presence of the ligament was noted and its anatomic 
characteristics were measured with digital calipers by 
three independent investigators. Means, ranges, and stan-
dard deviations were calculated.

Results: The average ligament length was 31.0 mm 
(SD 4.3). The ligament was trapezoidal in shape wider 
anteriorly. The mean anterior width was 7.1 mm (SD 3.8), 
midsubstance width 3.6 mm (SD 1.5), and posterior width 
3.5 mm (SD 1.3). The mean thickness was 0.5 mm (SD 
0.3), and the maximal opening through which the T1 
nerve passed between the fi rst rib and the ligament was 
6.3 mm (SD 1.6). The ligament was present on at least 
one side in 81% of individuals (67% of shoulders): 52% 
bilateral (62% males, 38% females) and 29% unilateral 
(23% male, 38% female).

Conclusion: This previously undescribed ligament is a 
robust structure, present on at least one side in over 80% 
of the individuals studied. When present, the ligament 
creates a narrow interval between the ligament and the 
fi rst rib that the T1 ventral ramus traverses prior to cross-
ing the fi rst rib superiorly and contributing to the inferior 
trunk of the brachial plexus. While the actual clinical sig-
nifi cance has not been demonstrated, this ligament may 
represent another entrapment site for the T1 ventral 
ramus. 
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rior and middle scalene muscles, then traced proximally to 
the neural foramen. The fi rst rib was evaluated for the pres-
ence of the ligament.

After identifi cation of the ligament, the length (defi ned as 
the value from the posteromedial origin on the fi rst rib to the 
anterolateral insertion on the fi rst rib), width at the most 
anterior, middle, and most posterior portions, and thickness 
were measured. The T1 ventral ramus was dissected out and 
the distance from the lateral border of the ligament at its 
midsubstance to the medial border of the fi rst rib was mea-
sured. This opening distance is the interval at its widest portion 
that the T1 ventral ramus must pass through prior to crossing 
the superior aspect of the fi rst thoracic rib (Figure 4).

Figure 1. Artist’s drawing of the fi rst thoracic rib ligament and it’s 
relation to the C7 and T1 ventral ramus.

Figure 2. Anterolateral view of the fi rst rib ligament with surround-
ing anatomic structures. Note the presence of an additional aberrant 
ligament which was only present in this particular specimen.

Figure 4. Dimensional characteristics of the fi rst rib ligament that 
were evaluated in this study.

Figure 3. Close-up of dissected fi rst rib ligament in another cadav-
eric specimen.

Three separate investigators took three independent mea-
surements of these dimensions with electronic digital cali-
pers (Absolute Digimatic, Mitutoyo Corp., Japan) accurate 
to 1/100th of a millimeter. Interobserver variability was 
determined by comparing individual measurements and the 
means. The total average of the three investigator’s measure-
ments for length, width (anterior, middle, and posterior), 
thickness, and opening distance were calculated, as well as 
the range and standard deviation for each measurement. Sta-
tistics were performed with Microsoft Excel (Microsoft, 
Washington, 2007).

Results

This ligament runs from the posteromedial aspect of the 
rib (starting just anterior to the end of the transverse process) 
to the anterolateral part of the rib, directly posterior to the 
scalene tubercle. When this ligament is present, the proximal 
T1 ventral ramus is initially inferior to this ligament, then 
passes through a narrowed interval between the lateral edge 
of the ligament and the medial edge of the fi rst thoracic rib, 
fi nally crossing superior to the fi rst thoracic rib joining the 
C8 ventral ramus to form the inferior trunk of the brachial 
plexus.

The ligament was present on at least one side in 17 out of 
21 subjects for a total incidence of 81%. The ligament was 
present bilaterally in 11/21 (52%), unilaterally in 6/21 (29%), 
and not present in 4/21 (19%) of people. An aberrant liga-
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ment was found in 1/42 shoulders (2%), but was signifi cantly 
smaller (Figure 1). If each shoulder is considered individu-
ally, the ligament was present in 28/42 shoulders for a total 
incidence of 67% per shoulder.

Analyzing the difference between male and female sub-
jects, the ligament was present in 11/13 male specimens 
(85%). In males, the ligament was bilateral in 8/13 (62%), 
unilateral in 3/13 (23%), and not present in 2/13 (15%). Con-
sidering each shoulder individually, it was present in 19/26 
male shoulders for a total of 76%. In females, the presence 
of a ligament was found in 6/8 for a total incidence of 75%, 
bilateral in 3/8 (38%), unilateral in 3/8 (38%), and it was not 
present in 2/8 (25%). When considering each shoulder indi-
vidually, it was present in 9/16 female shoulders for a total of 
56%. Data are summarized in Table 1. 

(SD 3.8 mm), with a middle width of 3.6 mm (SD 1.5 mm) 
and posterior width of 3.5 mm (SD 1.3 mm). The thickness 
of the ligament measured 0.5 mm (SD 0.3 mm).

The distance from the lateral border of the ligament at its 
midsubstance to the medial border of the fi rst rib averaged 
6.3 mm (standard deviation 1.3 mm). This is the size of the 
maximal opening between the lateral edge of the ligament 
and the medial edge of the fi rst rib through which the T1 
ventral ramus passes. All measurements are summarized in 
Table 2. Note that some ligaments had substantially smaller 
dimensions than those depicted in Figures 1–3. An appreciation 
of how small the ligament can be is illustrated in Figure 4.

Discussion

Upon leaving the cord, the T1 ventral ramus passes 
through the T1-2 neural foramen, the interval between the 
anterior and middle scalene muscle, and then runs superior 
to the fi rst rib prior to combining with the C8 ventral ramus 
to form the inferior trunk of the brachial plexus. All of these 
loci could serve as potential entrapment sites. We have 
described a previously undocumented ligament of the fi rst 
thoracic rib present in 81% of individuals (67% of shoul-
ders) that may be another site of encroachment upon the T1 
ventral ramus. This ligament is variable in size (Figures 3 
and 5); one cadaveric specimen also contained an aberrant 
second ligament. However, this ligament was signifi cantly 
smaller in size (Figure 2). When the new ligament is present, 
it runs from a posteromedial to anterolateral direction, and 
thus alters the course of the T1 ventral ramus. 

Neurogenic syndromes, such as thoracic outlet syndrome 
or radiculopathy, may be caused by direct compression, 
stenosis of an interval through which a nerve must pass, or 
tenting of the nerve fi bers. The presence of this ligament 
could affect the T1 ventral ramus in a variety of ways. Medi-
ally, the ligament creates a roof-like structure over the ven-
tral ramus, allowing any potential compressive lesion grow-
ing from inferiorly (e.g. a Pancoast tumor) to compress the 
T1 ventral ramus against the undersurface of the ligament. 
Laterally, the ligament creates an interval through which the 
T1 ventral ramus must pass. This is a potential area of steno-
sis which measured as little as 3.1 mm in our series. Any 
pathologic condition that causes tendinous hypertrophy, 
such as diffuse idiopathic skeletal hyperostosis (DISH)13 or 
amyloidosis,4, 8, 10, 18 may further narrow this interval. 

Clinically, compressive neuropathy of a peripheral nerve 
can cause symptoms of neuropathic pain, paresthesia, anes-
thesia, muscular weakness, decreased proprioception, or, in 
long standing cases, allodynia. The spinal canal, the neural 
foramen, the interval between the anterior and middle sca-
lene muscle, and an aberrant cervical rib have been identi-
fi ed as possible areas where the T1 nerve may be com-
pressed.3, 6, 8, 12 Neurogenic thoracic outlet syndrome is a 
positional radiculopathy caused by compression of the nerve 
distal to the neural foramen. Multiple clinical tests have been 

Table 1

Numbers
Percent 

Incidence

Total Number of Specimens 21
Male Specimens 13
Female Specimens 8
Male Shoulders 26
Female Shoulders 16
Total Number of Ligaments 28
Total Number of Shoulders 42

Incidence of Ligament per Shoulder 28/42 67
Incidence of Ligament in Male Shoulders 19/26 73
Incidence of Ligament in Female Shoulders 9/16 56

Total Specimens with Ligament Present 
Unilaterally or Bilaterally

17/21 81

Specimens with Bilateral Ligaments 11/21 52
Specimens with Unilateral Ligaments 6/21 29
Specimens with No Ligament 4/21 19

Males with Ligament Present Unilaterally 
or Bilaterally

11/13 85

Males with Bilateral Ligaments 8/13 62
Males with Unilateral Ligaments 3/13 23
Males with No Ligament 2/13 15

Females with Ligament Present Unilaterally 
or Bilaterally

6/8 75

Females with Bilateral Ligaments 3/8 38
Females with Unilateral Ligaments 3/8 38
Females with No Ligament 2/8 25

The ligament is trapezoidal in shape (Figure 3) wider 
anteriorly than posteriorly (measured medial to lateral. Due 
to the semicircular shape of the rib, the ligament (defi ned as 
the distance measured anterior to posterior) is longer on the 
medial side. The average length of the medial side of the 
ligament is 31.9 mm (standard deviation 4.7 mm), and the 
average length of the lateral side measuring 30.1 mm (stan-
dard deviation 4.1 mm). The average length of the center of 
the ligament (mean of average lateral and medial length) is 
31.0 mm (SD 4.3 mm). The average anterior width is 7.1 mm 
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described to diagnose this condition and its vascular vari-
ant.17 An upper thoracic radiograph can aid in the diagnosis 
of an aberrant cervical rib or Pancoast’s tumor. Currently, 
however, there is no diagnostic study or physical examina-
tion maneuver that is specifi c to the diagnosis of T1 entrap-
ment. T1 radiculopathy typically presents with pain in the 
inferior brachium and decreased sensation in the involved 
axilla. Unfortunately, neither nerve conduction velocities19–21 
nor somatosensory evoked potentials12 are diagnostic. 

Radiographs can help visualize potential entrapment sites 
of the T1 nerve root (i.e. aberrant cervical rib, fi rst thoracic 
rib, malunited clavicle fracture, sternoclavicular dislocation, 
or cervical/thoracic stenosis). The use of MRI may help as 
well. Narrowing of the scalene interval between the anterior 
and middle scalene muscle, as well as aberrant ligamentous 
structures are not well delineated with MRI; however, it is 
possible to visualize a diminished costoclavicular distance, 
thicker subclavius muscles, and a narrowed retropectoralis 

Table 2

Cadaver #

Length
Average
Length

Thickness
Middle

Width
Opening
MiddleLaterally Medially Anterior Middle Posterior

 1 R 36.4 40.4 38.4 0.4 14.5 4.3 4.1 8.4
   L 32.3 37.3 34.8 0.4 11.8 3.5 3.4 7.1
 2 R 35.4 38.9 37.1 0.4  4.7 1.9 2.0 6.9
   L 40.4 42.2 41.3 0.2  4.3 1.6 2.2 6.3
 3 R 26.2 30.5 28.4 0.1  3.2 1.4 1.2 5.6
   L 28.1 30.6 29.4 0.2  2.8 2.0 2.3 6.4
 4 R 27.2 32.0 29.6 0.3  5.2 3.8 2.6 7.8
   L 27.5 31.0 29.3 0.2  2.9 1.9 2.8 8.2
 5 R 23.3 25.5 24.4 0.5  4.0 2.6 1.8 8.4
   L — — — — — — — —
 6 R 30.6 29.0 29.8 0.3  2.2 1.8 3.7 4.6
   L 26.3 27.5 26.9 0.3  2.7 2.4 2.3 4.7
 7 R 27.5 28.0 27.7 0.3  9.7 5.1 3.8 6.3
   L 30.9 30.0 30.5 0.5  3.7 3.1 3.6 5.0
 8 R 32.0 34.8 33.4 0.8 10.1 5.7 5.7 3.7
   L 31.6 31.9 31.8 0.8  6.8 5.5 5.8 8.2
 9 R 31.5 33.1 32.3 0.9 12.1 6.5 6.8 7.1
   L — — — — — — — —
10 R 28.7 31.5 30.1 0.7  7.7 3.8 2.7 6.1
   L 30.5 30.8 30.6 0.7  2.2 2.9 4.2 6.3
11 R — — — — — — — —
   L — — — — — — — —
12 R — — — — — — — —
   L 28.6 26.3 27.5 0.7  5.1 2.8 3.6 3.1
13 R 33.3 34.6 34.0 0.7  9.5 4.5 4.3 7.8
   L — — — — — — — —
14 R 37.9 41.2 39.5 0.7 14.4 6.8 4.4 5.4
   L 28.9 28.4 28.6 0.3  4.3 3.2 3.0 8.1
15 R — — — — — — — —
   L — — — — — — — —
16 R 27.0 29.2 28.1 0.2  8.0 3.2 1.8 8.6
   L 27.8 30.1 28.9 0.5  6.8 3.9 3.4 6.9
17 R — — — — — — — —
   L — — — — — — — —
18 R 26.2 30.3 28.3 0.9 12.5 4.9 4.2 3.6
   L 22.6 22.4 22.5 0.7  8.0 3.8 4.7 3.8
19 R — — — — — — — —
   L — — — — — — — —
20 R 31.3 34.3 32.8 1.1  9.7 4.3 4.3 5.3
   L — — — — — — — —
21 R — — — — — — — —
   L 31.7 30.8 31.2 0.1  9.5 4.8 4.1 7.6

Average 30.1 31.9 31.0 0.5  7.1 3.6 3.5 6.3
Std Dev  4.1  4.7  4.3 0.3  3.8 1.5 1.3 1.6
Min 22.6 22.4 22.5 0.1  2.2 1.4 1.2 3.1
Max 40.4 42.2 41.3 1.1 14.5 6.8 6.8 8.6

All values are in millimeters. When no value is recorded, the ligament was not present.
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minor space.5 Vascular compression or occlusion leading to 
vascular thoracic outlet syndrome may be delineated with 
postural venography or arteriography.3 

Typical treatment of thoracic outlet syndrome is primarily 
nonoperative. Conservative treatment of thoracic outlet syn-
drome was reported by Novak in 1995 which included phys-
ical therapy, education, aerobic conditioning, and correction 
of posture and positions of discomfort. Of the 42 patients in 
his study, complete resolution of symptoms occurred in 3 
patients, near complete resolution in 16, improvement in 6, 
no change in 10, and worsening in 7. While the frequency of 
symptoms improved, the duration of symptoms did not seem 
to be related to the outcome of conservative therapy.15 

Surgical intervention involves release of the scalene mus-
cles, resection of the fi rst thoracic rib, or removal of an aber-
rant cervical rib. These procedures are performed through 
either a supraclavicular or transaxillary approach. In cases of 
fi rst rib resection, either open or thoracoscopically, there 
have been reports of ligamentous structures that must be 
released to complete the resection.6 There is even a docu-
mented case of recurrent thoracic outlet syndrome second-
ary to a “ectopic ligament,” however, the characteristics of 
the ligament have not been identifi ed.2 

The results of release of an aberrant cervical rib or tho-
racic rib for thoracic outlet historically are variable. Don-
aghy reported a 90% decrease in pain and sensory distur-
bance, but only a 50% improvement in motor symptoms. In 
this series, there was resection of the fi rst thoracic rib or a 
fi brous ligament in 18 of 49 patients.6 O’Brien reported a 
primary success rate (defi ned as a 50% or more relief in pain 
or return to work) in 46.5% of patients undergoing primary 
fi rst rib resection with lower scalenectomy, and a 64.2% suc-
cess rate for previously operated cases treated with upper 
scalenectomy.16 Hempel reported 59% excellent results and 
27% good results in 770 of cases treated with supraclavicu-

Figure 5. Lateral view of another cadaveric specimen demonstrat-
ing the substantial variability in size of the fi rst rib ligament which 
a surgeon should be cognizant of in searching for this ligament.

lar scalenectomy and rib resection.9 Maxey noted a resolu-
tion of symptoms in 63.9%, a partial response in 23.6%, and 
no change in 12.5% of patients treated with a supraclavicular 
approach and decompression.14 Barkhordarian correlates the 
length of the remaining fi rst rib after resection, as well as 
lack of adequate release of all fi brous structures, periosteum, 
and scalene muscles with surgical failure.3 First rib resection 
has also been described through video assisted thorascopy.1 
Complications from a fi rst rib resection include pneumotho-
rax, subclavian vein injury, long thoracic nerve injury, inter-
nal mammary artery injury or suture granuloma.16

Clinically, the diagnosis of neurogenic thoracic outlet 
syndrome should be included in the differential diagnosis in 
a patient with a suggestive history, positional radicular symp-
toms and a positive provocative test. Ligaments and other 
fi brous restraints have been demonstrated to cause periph-
eral nerve entrapments in many parts of the body. Examples 
include the transverse scapular ligament, ligament of Stru-
thers, bicipital aponeurosis, arcade of struthers, cubital tun-
nel, or the soleal arch. 

Despite the intimate relationship of the ligament with the 
T1 ventral ramus, its exact clinical signifi cance is unknown. 
Overall, the results of fi rst rib resection to treat thoracic out-
let range from 40–70% success.14, 16 While it would be tempt-
ing to suggest that failures of surgery could be explained by 
failure to recognize and release this ligament — perhaps 
analogous to the “fi brous ligament” identifi ed by Donaghy6 
as a potential cause for surgical failure — this cannot be sup-
ported by the present study and remains an object of future 
anatomic, clinical, and biomechanical study.
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The Relationship of the Coracoid Process to the Glenoid: 
An Anatomic Study
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Materials and Methods

Twenty shoulders from 18 cadaver specimens were evalu-
ated. The glenohumeral joint and coracoid were exposed 
using sharp dissection. The humeral head was disarticulated. 
The acromion process was also removed to provide unob-
structed measurement of the glenoid. The center of the gle-
noid and the 12 o’clock position on the glenoid labrum were 
marked (Figure 1). A straight line from the center of the gle-
noid to the tip of the coracoid was made. The glenoid labrum 
was marked at its intersection with this line, designated point 
A (Figure 2). A degree measurement was obtained from the 
two marks on the glenoid rim using the center of the glenoid 
as the vertex (Figure 3). Then, the distance in millimeters 
from the coracoid tip to point A on the glenoid labrum was 
determined (Figure 4).

Mean and standard deviation were calculated for the 
degree values as well as the distance values. The degree val-
ues were then converted to hours: minutes in reference to the 
right shoulder.

Abstract

Purpose: To defi ne the spatial relationship of the cora-
coid process to the glenoid cavity.

Type of Study: Anatomic study in cadavers. 
Methods: Using 20 cadaver shoulders, the location of 

the tip of the coracoid process was assessed based on the 
clock face of the glenoid.

Results: In all shoulders, the tip of the coracoid pro-
cess was between 1:24 and 2:18 o’clock with an average 
of 1:47 +/– 0:15 o’clock. The distance of the coracoid 
process tip to the nearest portion of the glenoid labrum 
was 21.5 +/– 3.6 mm.

Conclusion: Our analysis of the anatomic relationship 
of the coracoid to the glenoid provides the shoulder 
arthroscopist with essential information regarding the 
location of the coracoid tip during coracoplasty.

Introduction

Coracoid impingement is a syndrome of anterior shoulder 
tenderness and pain with adduction, fl exion, and rotation; 
moreover, it is becoming a progressively more diagnosed 
entity.1, 2 The treatment of coracoid impingement which has 
failed conservative management is decompression of the 
coracohumeral space, otherwise known as coracoplasty.3 

An arthroscopic method of coracoplasty has recently been 
described.4 Before arthroscopic coracoplasty can be per-
formed, the coracoid tip must be fi rst located. The coracoid 
tip is usually found anterior to the upper border of the sub-
scapularis.5 However, with tears of the subscapularis, the 
relationship of the coracoid tip to the upper subscapularis 
tendon is altered with distal retraction of the tendon. In this 
circumstance, arthroscopically fi nding the precise location 
of the coracoid tip may be challenging and incur excessive 
soft tissue ablation with consequent bleeding. 

Knowledge of the bony anatomy may assist in locating the 
coracoid tip arthroscopically; yet, the coracoid’s relationship 
to the anatomic structures of the glenohumeral joint has 
never been described. This cadaveric study evaluated the dis-
tance of the coracoid to the glenoid as well as its relationship 
to the clock face of the glenoid. 

Figure 1. Center of glenoid and 12 o’clock position.

Figure 2. Intersection of line from center of the glenoid to the cora-
coid and the labrum, designated point A.
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Figure 3. Angle between point A and 12 o’clock. Figure 4. Distance between coracoid and 
glenoid.

Results

In all shoulders, the tip of the coracoid process was 
between 1:24 and 2:18 o’clock with an average of 1:47 +/– 
0:15 o’clock. The distance of the coracoid process tip to the 
nearest part of the glenoid labrum was between 14 and 30 
mm with and average of 21.5 +/– 3.6 mm.

Discussion

Arthroscopic coracoplasty has become a valuable tech-
nique for the treatment of coracoid impingement.1 Further, 
decompression of the coracohumeral space is commonly 
performed in conjunction with arthroscopic repair of the 
subscapularis. Observing the coracoid’s relationship to the 
humeral head and tendon of the subscapularis can be used to 
diagnose coracoid impingement.4 However, a quantitative 
relationship of the coracoid to the clock face of the glenoid 
has never been described in the literature (using medline 
1950–present English literature, human subjects with “gle-
noid” and “coracoid” search terms, no similar studies have 
been performed). We described this relationship and found 
that it is fairly consistent. This information can be used clini-
cally to access the coracoid from the glenohumeral joint dur-
ing shoulder arthroscopy. This information may prove espe-
cially useful in massive, retracted tears of the subscapularis, 
when the upper subscapularis tendon can no longer be used 
as a reference point for the coracoid tip. Using the informa-

tion from this study, a universal approach to locating the 
coracoid using intra-articular markers could be developed.

One shortcoming of this study is that it was a cadaveric 
study with no history given for each specimen. It is possible 
that in shoulders with known coracoid impingement, the 
bony anatomy of the coracoid in relation to the glenoid may 
be different. Nevertheless, our fi ndings provide anatomical 
information useful in subsequent studies designed to locate 
the coracoid from an intra-articular location.

Arthroscopic coracoplasty is a newer technique for the 
treatment of coracoid impingement and tears of the upper 
subscapularis. This study presents some of the anatomy and 
surgical relationships of the coracoid to the glenoid, useful 
for arthroscopic coracoplasty. Future studies may determine 
the clinical utility of these results. 
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progressive worsening of tissue effects and task performance 
was evident.2–3 One early observation was that rats resorted 
to uncoordinated raking movements of the reach limb that 
corresponded to tissue infl ammation.1 We are interested in 
these motor changes, because they are observable behaviors 
that may assist in early detection of subclinical tissue 
pathophysiology.

Our overall goals are to examine factors that contribute to 
the development of work-related musculoskeletal disorders 
(WMSD), including repetitive and/or forceful movements. 
The purpose of this study was to quantify exposure-
dependent forelimb reach changes in a rat model of WMSD, 
comparing low repetition negligible force (LRNF), high rep-
etition negligible force (HRNF), and high repetition high 
force (HRHF) tasks. 

Methods

Subjects and Task Regimen. Forty-nine, young adult 
(12–24 weeks) Sprague-Dawley rats were used. All proce-
dures were approved by the Temple University IACUC in 
accordance with NIH guidelines for the care and use of labo-
ratory animals. Rats were trained to perform a reaching task 
at three exposure levels: low repetition negligible force 
(LRNF, n = 16, cued every 30 seconds to retrieve a 45 mg 
spherical food pellet in an apparatus shown in Figure 1A), 
high repetition negligible force (HRNF, n = 16, cued every 
15 seconds to retrieve a 45 mg food pellet, Figure 1A), and 
high repetition high force (HRHF, n = 17, cued every 15 sec-
onds to exert an isometric pull on a handle at 60% of maxi-
mum voluntary force in an apparatus shown in Figure 1B,C). 
Maximum voluntary force as measured with a miniature 
tension-compression load cell (Model LSB 200; 1 lb capac-
ity, Futek Advanced Sensor Technology, Inc., Irvine, CA). 
Load cell output was sampled continuously at 100 Hz during 
task sessions. Rats performed the tasks for 2 hrs/day and 3 
days per week for 6 weeks. At the end of weeks 1 and 6, 
lateral view video recordings at 60 Hz were collected (JVC 
Model TK-C1380 interfaced with Panasonic Desktop editor 
Proline, Model AG-1980), and 5 representative reaches for 

Abstract

This study examined the induction of upper limb 
behavioral changes with performance of low or high rep-
etition tasks in young adult, female, rats. Forty-nine 
young (12–24 weeks) female Sprague-Dawley rats were 
used. Rats performed either a low repetition negligible 
force reaching task, or a high repetition negligible force 
task, or a high repetition high force task for over 6 weeks. 
Rats were videotaped at the end of weeks 1, 3 and 6 
weeks; representative reaches were quantifi ed with video 
motion analysis. Reach rate, task duration, reach time, 
grasp time and movement reversals were determined and 
analyzed with repeated measures ANOVA within groups. 
Reach rate and task duration did not change in the LRNF 
group, but there were signifi cant declines in both in the 
HRNF and HRHF groups compared to week 1. There was 
also a rebound in task duration in the HRNF group in 
week 6 compared to the HRHF group, which showed a 
persistent decline. The number of movement reversals, 
forelimb total reach time and grasp time increased from 
week 1 to 6 in the HRHF group only. Our results are con-
sistent with the development of uncoordinated movement 
patterns in the early stages of repetitive motion injury that 
is dose-dependent.

Introduction

Risk factors in the work place that may contribute to the 
development of work-related musculoskeletal disorders 
include highly repetitive and/or highly forceful movements. 
We have developed a rat model of a repetitive and forceful 
voluntary reaching and pulling task in the rat, which enables 
us to monitor both tissue pathophysiology and behavioral 
changes. In previous studies, we have shown that there is a 
dose-dependent increase in tissue injury, infl ammation and 
fi brosis that involves muscle, tendon, bone and peripheral 
nerve.1–4 At low repetition and negligible force, minimal tis-
sue damage and infl ammation occurred, and task pace was 
maintained. In contrast, at high repetition and high force, a 
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each rat at each weekly endpoint were digitized to create 2D 
fore-aft Cartesian trajectories of the distal forelimb (Peak-
Motus Version 8.2, Vicon-Peak).

was the fi rst frame in which the head moved away from the 
forepaws following consumption of the food pellet. The 
grasp period was defi ned by the fi rst frame in which the 
reach forepaw entered the tube opening until the fi rst frame 
in which the reach forepaw exited the tube opening with the 
food pellet. Each 15 minute videotape was divided into 5 
equal (3 minute) segments, and the fi rst reach sequence in 
each 3 minute segment that satisfi ed the above criteria was 
digitized in order to determine the average number of reach 
movement reversals (fore-aft displacements) performed by 
the forearm segment using video motion analysis (VMA) 
(Vicon Motus v.8.0, Vicon, Centennial, CO) as shown in 
Figure 3A. The point chosen for digitization was on the 
proximal forearm segment just below the elbow joint, as this 
was easily visualized on the videotape throughout the reach 
sequence (Figure 3C). The number of reach movement rever-
sals (fore-aft movements of the forelimb) was used as an 
indicator of motor dysfunction (e.g. diminished fi ne motor 
coordination) and/or discomfort (e.g. self-regulation of 
exposure). 

Data Analysis. Mixed model ANOVA was used to com-
pare reach rate and task duration at weeks 3 and 6 to week 1 
within groups; and to compare reach movement reversals, 
total reach time, and grasp time at weeks 1 and 6 between 
groups. Post hoc analyses were performed using the Bonfer-
roni method (� = 0.05).

Results

Reach rate (RR) and task duration (TD) did not change in 
the LRNF group, but there were signifi cant declines in RR in 
week 6 and TD beginning in week 3 in both the HRNF and 
HRHF groups (p < 0.05) compared to week 1 (Figure 2). 
There was also a return toward baseline of task duration in 
the HRNF group in week 6 as compared to the HRHF group, 
which showed a persistent decline (Figure 2B). The number 
of movement reversals increased from week 1 to week 6 in 
the HRHF group only (p < 0.05) compared to week 1 of 
these same rats (Figure 3B). Forelimb total reach time (RT) 
and grasp time (GT) increased from week 1 to week 6 in the 
HRHF group only (p < 0.05) compared to week 1 (Figure 4).

Discussion

Our results are consistent with the development of unco-
ordinated movement patterns in the early stages of repetitive 
motion injury that is exposure-dependent. Such exposure 
dependent results are consistent with our previous studies 
examining tissue pathology, which also showed the greatest 
changes in the animals performing the HRHF task.1–4 At a 
low reach rate and negligible force level, task performance 
and movement quality is maintained. With increasing reach 
rate and reach force, performance and movement quality 
decline. The development of an uncoordinated grasp in 
which fore-aft submovements increase in the HRHF group 
contributes to a longer grasp phase. 

Figure 1. (A) Lateral and close up views of a rat performing food 
pellet retrieval during the low force tasks (LRNF and HRNF tasks), 
Inset shows the forepaw entering the tube through the opening in 
the side of the training pen. The food dispenser (FD) dispensed pel-
lets at high or low frequencies. A video camera (C) recorded upper 
limb movements from the lateral aspect for motion analysis. (B) 
Lateral and close up views of the grasp phase of the high force 
reaching task (HRHF task) showing the rat grasping the handle 
attached to the force transducer. 

Behavioral Analysis. The effects of the task on motor 
performance were evaluated at the ends of weeks 1, 3 and 6 
using two variables reach rate (reaches/min) and task dura-
tion (hours per day) described previously.1, 3 We also exam-
ined a quantitative movement pattern analysis of reach 
movement reversals using a JVC CCD video camera (Model 
TK-C1380, 60 Hz) to record the reach limb from a lateral 
view. A landmark on the forelimb was digitized and then 
tracked at 60Hz (X and Y coordinates) and a graphic display 
of this landmark coordinate was visually assessed to deter-
mine if (and how many) movement reversals occurred. Rats 
were video taped for 15 minutes at the end of weeks 1, 6, 9 
and 12. Five representative videotaped reaches were selected 
for each weekly endpoint using a systematic procedure 
shown in Figure 3A,C. First, a representative reach was 
defi ned as a reach sequence beginning with the reach paw in 
a fi xed position and the snout in the tube opening and ending 
with the consumption of a food pellet. The start of the 
sequence was the fi rst frame in which the forepaw began its 
ascent toward the tube opening, and the end of the sequence 
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Figure 2. (A) Reach rate (+SEM). (B) Task duration (+SEM). *p < 0.05 compared to week 1.

Reduction in reach rate and task duration in the HRHF 
group was countered by the increased number of submove-
ments within each reach, thereby maintaining risk exposure 
at a relatively high level of repetition. Such disordered move-
ment patterns may further increase risk for repetitive motion 
disorders, and may also provide an outwardly observable 
sign of underlying tissue pathophysiology.
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Figure 3. (A) Fore-aft displacement of digitized point depicted in panel A. Vertical lines numbered 3 and 4 indicate the beginning and end of 
an individual reach, respectively. Line 1 indicates the moment the forepaw exits the opening at the beginning of the grasp phase and 2 indi-
cates the moment it reenters the opening at the end of the grasp phase. Movement reversals are counted as extra oscillations in the curve (4, 
in this case). Total reach time and grasp time are indicated. (B) The number of forelimb movement reversals as defi ned in Figure 6 during the 
grasp phase of the reach (+SEM). *p < 0.05 compared to week 1. (C) Single frame of video showing location of digitized landmark (circle) 
on the reach limb of an animal trained to perform the reaching task. The animal is positioned with the snout in the opening in the fi rst frame 
of a reach sequence, just before the reach paw is lifted toward the opening.

Figure 4. Total reach time and grasp time (+SEM) comparing weeks 1 and 6 in the LRNF, HRNF and HRHF groups. *p < 0.05 compared to 
week 1. 
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Introduction

The initial identifi cation of osteoactivin (OA) emerged 
from studies using an animal model of osteopetrosis.1 Other 
groups have also identifi ed the same protein in different spe-
cies, and have designated different names, such as glycopro-
tein nmb (gpnmb) in melanoma cell lines,2–6 and melano-
cytes,7, 8 dendritic cell heparan sulfate proteoglycan integrin 
dependent ligand (DC-HIL) in dendritic9, 10 and human 
hematopoietic growth factor inducible neurokinin (HGFIN) 
in tumor cells.11 OA has high homology to Pmel-17, a mel-
anosomal protein that is well characterized in melanocytes 
and plays a role in melanin fi bril formation.12–19 These simi-
larities suggest that OA may belong to the same gene family 
as Pmel-17. The OA protein is a type I transmembrane pro-
tein with two isoforms, one is membranous and the other is 
secreted.1, 9, 10, 20–23

Recent reports demonstrated the cellular functions of OA 
showing that OA has the ability to regulate cell proliferation, 
adhesion, differentiation and synthesis of extracellular 
matrix (ECM) proteins in various cell types, in normal and 
pathological conditions.1–3, 6–10, 20–31 Some animal models 
have been generated to demonstrate OA function in different 
tissues. OA transgenic (Tg) mice that overexpress OA under 
the CMV promoter showed increased muscle mass and 
enhanced expression of MMP-3 and MMP-9 in fi broblasts 
from denervated skeletal muscle model.30 Another study in 
transgenic rats that overexpress OA in liver cells showed that 
OA attenuates the development of hepatic fi brosis.29 The 
most exciting animal model is the natural mutation of OA 
gene in the mouse causing a premature stop codon that 
results in the generation of a truncated OA protein.7, 8, 32, 33 
These mice develop an eye phenotype with iris pigmentary 
dispersion and iris stromal atrophy. They also have increased 
macrophage function.34 With the development of these ani-
mal models, there has been an increased focus on OA and its 
effects on different cellular and pathological processes. 
However, there is still a great deal of work that needs to be 
done to determine the functions of osteoactivin and its 
mechanism(s) of action.

Abstract

Osteoactivin (OA) is a novel glycoprotein that is highly 
expressed during osteoblast differentiation. Using West-
ern blot analysis, our data showed that the OA protein has 
two isoforms, one is transmembranous and the other is 
secreted into the conditioned medium of primary osteo-
blasts cultures. Fractionation of osteoblast cell compart-
ments showed that the mature, glycosylated OA isoform 
of 115 kDa is found in the membranous fraction. Both 
OA isoforms (secreted and transmembrane) are found in 
the cytoplasmic fraction of osteoblasts. Overexpression 
of EGFP-tagged OA in osteoblasts showed that OA pro-
tein accumulates into vesicles for transportation to the 
cell membrane. We examined OA protein production in 
primary osteoblast cultures and found that OA is maxi-
mally expressed during the third week of culture (last 
stage of osteoblast differentiation). Glycosylation studies 
showed that OA isoform of 115 kDa is highly glycosy-
lated. We also showed that retinoic acid (RA) stimulates 
the mannosylation of OA protein. In contrast, tunicamy-
cin (TM) strongly inhibited N-glycans incorporation into 
OA protein. The functional role of the secreted OA iso-
form was revealed when cultures treated with OA anti-
body showed decreased osteoblast differentiation com-
pared to untreated control cultures. Gain-of-function in 
osteoblasts using the pBABE viral system showed that 
OA overexpression in osteoblast stimulated their differ-
entiation and function. The availability of a naturally 
occurring mouse mutant of OA with a truncated protein 
provided further evidence that OA is an important factor 
for terminal osteoblast differentiation and mineralization. 
Using bone marrow stromal cells derived from OA mutant 
and wild-type mice and testing their ability to differenti-
ate into osteoblasts showed that differentiation of OA 
mutant osteoblasts was signifi cantly reduced compared to 
wild-type osteoblasts. Collectively, our data suggest that 
OA acts as a positive regulator of osteoblastogenesis in 
vitro.
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In bone and using the osteopetrotic (op) rat as a model to 
examine differential gene expression in bone from normal 
and osteopetrotic rats, we discovered that OA mRNA expres-
sion was signifi cantly increased in osteopetrotic bone.1 Our 
group was the fi rst to report the expression and function of 
OA in bone. Previously, we demonstrated that OA mRNA 
and protein are expressed by human and rodent osteoblasts 
and its expression exhibited a temporal pattern during osteo-
blast differentiation reaching highest levels during the later 
stages of matrix maturation and mineralization.1, 20, 22, 23

OA and Pmel-17 are heavily glycosylated proteins with 
O- and N-linked glycans.20, 35 Glycosylation of proteins plays 
a crucial role in cell differentiation and function.36 Under-
standing the mechanism mediating OA protein processing 
and glycosylation will shed light on its mechanism(s) of 
action. While processing and regulation of Pmel-17 in 
 melanocytes has been well described by different laborato-
ries.35, 37, 38 There are no reports that characterize OA process-
ing and secretion by osteoblasts. Here we provide evidence 
that OA is synthesized and secreted by osteoblast during dif-
ferentiation. There are two isoforms of OA one is transmem-
brane and the other is secreted and the secreted isoform is 
heavily glycosylated that plays a role in osteoblast differen-
tiation and function. We also present evidence that OA gly-
cosylation is regulated by retinoic acid and tunicamycin. 
These data will help to elucidate the mechanism/s of action 
of OA protein in osteoblast differentiation and function.

Materials and Methods

Bioinformatic Analysis

The amino acid sequence for OA protein was obtained in 
FASTA format from SWISSPORT database (http://us.expasy.
org/sprot/). Signal peptide sequence of OA protein was 
 analyzed by SignalP server. Trans-membrane hydrophobic 
sequence of OA protein was analyzed by TransMemb server. 
O-glycosylation sites on OA protein were analyzed by net 
OGlyc server. All servers were provided by the Center for 
Biological Sequence Analysis database.

Osteoactivin Mutant Mice 

Mice mutant for osteoactivin (DBA/2J) were purchased 
from Jackson laboratory. Wild type mice (DBA) were pur-
chased from Teconic laboratory. Mutant and wild type mice 
were bred and maintained at Temple University School of 
Medicine Central Animal Barrier Facility according to the 
guidelines of the Institutional Animal Care and Use Com-
mittee (IACUC).

Generation of OA Antibody

Anti-OA antibody (OA-551) was raised against the pep-
tide sequence of amino acids 551 to 568 and anti-OA anti-
body (OA-35) was raised against the peptide sequence of 
amino acids 35.

Both peptides were selected because of its potential anti-
genicity and were screened against the protein database to 

ensure lack of homology with other sequences. Chickens 
were immunized, and the precipitated crude IgY was puri-
fi ed by affi nity chromatography on Sepharose 4B derivatised 
with the immunizing peptide (Cambridge Research Bio-
chemicals, Stockton-Tees, UK).

Primary Osteoblast and Bone Marrow Cultures

Primary osteoblasts were isolated and cultured as described 
previously.23 Briefl y, Neonatal rat pups were decapitated; the 
calvaria were harvested and placed into a Petri dish with 20 
ml isolation media. The calveria were cut into smaller pieces 
and placed into a siliconized fl ask with digestion media. 
Cells were digested three times in a medium containing col-
lagenase-P as described previously.1, 23 The supernatants 
were collected from all 3 digestions and centrifuged. The 
cell pellets were re-solubilised into 5 ml of fresh washing 
media. Cells were then plated in a 100 mm Petri dish at a 
density of 500,000 cells with 10 ml initial plating medium 
and incubated at 37°C with 5% CO2. Differentiating factors 
(10 mM � glycerol phosphate + 50 �g/ml ascorbic acid) 
were added on day 3 and every time culture media was 
changed.

For osteoblast differentiation using bone marrow stormal 
cells, bone marrow from 8 weeks old osteoactivin mutant 
and wild type mice was fl ushed using femurs and tibea. Bone 
marrow cells were harvested, counted and plated overnight. 
Adherent cells were cultured for different time points in 
osteogenic media containing �MEM supplemented with 
10% FBS, 10−8M dexamethasone, 70ng/ml L-ascorbic acid 
and 8mM �-glycerol phosphate.

Generation of OA-pBABE Viral Vector Stable MC3T3-E1 
Cell Line

A pBabe viral vector containing OA cDNA was provided 
to us from Dr. Jeremy Rich at Duke University. For the gen-
eration of OA-pBabe viral vector, please refer to reference 
21. For propagating the OA-pBabe viral vector, OA-pBabe 
retroviral vector or control pBabe (empty vector) were co-
transfected with a PCL10-A1 packaging vector, into sub-
confl uent 293 HEK (human embryonic kidney) cell line 
using the calcium chloride method.21 Virus-containing super-
natant was harvested after 48 hours and was used to infect 
MC3T3-E1 murine osteoblastlike cell line. For generation of 
stable virus producing cell line, infected MC3T3-E1 cells 
were splitted and selected by replacing the medium with 
Bleomycin antibiotic (500 �g/ml) containing medium. The 
medium was changed after 72 hours with continued selec-
tion. After 5 days, the antibiotic resistant colonies were 
selected and used for further cultures.

Co-localization of OA and Endoplasmic Reticulum (ER) 
in Primary Osteoblasts

Primary osteoblasts were cultured in chamber slides at a 
density of 5000 cells/well. On the second day of culture, 
cells were fi xed, washed and double labeled with OA using 
anti-OA antibody and 3,3'-dihexyloxacarbocyanine iodide 
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(DiOC6(3), a green-fl uorescent, lipophilic dye (Invitrogen), 
followed by anti-chicken-Cy3-conjugated secondary anti-
body. Cells were washed with PBS and visualized using 
E600 Nikon fl uorescent microscope.

Transfection of EGFP-tagged-OA and Cellular Labeling 

Primary osteoblasts were cultured in 2-chamber slides at a 
density of 5000 cells/well. On the second day of culture, 
cells were transfected with either GFP empty vector or GFP-
tagged CMV-OA construct using Lipofectamine 2000 (Invit-
rogen, Carlsbad, CA). On day 3, cultured cells were fi xed 
with 4% paraformaldehyde in 1x PBS for 15 minutes at R.T. 
Cells were washed 3 times (10 minutes each) with 1x PBS, 
and cover slipped using 80% glycerol in PBS. Slides were 
then examined using confocal laser scanning microscope. 
For co-localization of GFP-OA protein in the plasma mem-
brane, cells were transfected above and the cell membrane 
was labeled using lipophilic tracer DiD (Molecular Probes, 
Eugene, OR) in a 5 �M working concentration.

Cells were incubated with DiD dye for 5 minutes at 37°C 
and then for an additional 15 minutes at 4°C, then washed 
with 1x PBS. Slides were cover slipped using 80% glycerol 
in PBS. Slides were examined using confocal laser scanning 
microscope.

RNA Isolation

RNA was isolated as described previously.23 Briefl y, cell 
cultures were harvested then homogenized in Trizol, sepa-
rated into organic and aqueous layer by chloroform, and 
RNA was recovered from the aqueous layer by isopropyl 
alcohol precipitation. Pellets were washed with 70% ethanol 
and concentration of RNA was calculated using spectropho-
tometer. For the evaluation of RNA integrity, 1 �g total RNA 
was run on formaldehyde gel and stained with Ethedium 
bromide.

RT and Quantitative (q)PCR Analysis

RT-PCR analysis for OA and G3PDH was performed as 
previously.23 Briefl y, 2 µg of total RNA were reverse tran-
scribed to cDNA. Two microliters of the generated cDNA 
was amplifi ed in 50 �l of qPCR reaction mixture. The prim-
ers for rat OA were sense; 5'-CCAGAAGAATGACCG-
GAACTCG-3' and antisense 5'-CAGGCTTCCGTGG-
TAGTGG-3' and the primers for rat G3PDH were sense; 
5'-ACCACAGTCCATGCCATCAC-3' and antisense 
5'-TCCACCACCCTGTTGCTGTA-3'. Q-PCR was per-
formed on ABI PRISM 7700 using the SYBER Green 
method. OA values were quantifi ed using the equation 
(–��CT); CT = Threshold cycle.

Fractionation of Cellular Compartments

Different cellular compartments were fractionated using 
membrane protein extraction reagent kit (Pierce, Rockford, 
IL). Briefl y, cells were harvested from a 3 wks old cultures 
and centrifuged at 850 xg for 2 minutes; the cell pellet was 

then washed in PBS. Next, 150 �l of reagent A was added to 
the cell pellet with pipetting up and down to ensure a homog-
enous cell suspension. The mixture was then incubated for 
10 minutes at R.T. with occasional vortexing. Next, 450 �l 
of diluted reagent C (diluted according to manufacture’s pro-
tocol) was added to the cell lysate and left on ice for 30 min-
utes with vortexing every 5 minutes. The cell lysate was cen-
trifuged at 10,000 xg for 3 minutes at 4°C. The supernatant 
was transferred to a new tube and incubated for 10 minutes 
at 37°C to separate out the membrane protein fraction.

For isolation of the nuclear and cytoplasmic fraction using 
Reagents Kit (Pierce, Rockford, IL), 20 �l of packed cell 
volume was isolated by centrifugation at 500 xg for 2 min-
utes. The supernatant was discarded, leaving the cell pellet 
as dry as possible. Two hundreds �l of ice-cold CER I was 
added to the cell pellet and vortexed vigorously on the high-
est setting for 15 seconds to fully re-suspend the cell pellet. 
The cell pellet was then incubated on ice for 10 minutes. 
Eleven �l of ice-cold CER II was added to the tube and vor-
texed for 5 seconds before incubation on ice for 1 minute. 
The tube was centrifuged at 16,000 xg for 5 minutes and the 
supernatant (cytoplasmic extract) fraction was transferred to 
a new tube on ice. The insoluble pellet fraction was re-sus-
pended in 100 �l of ice-cold NER. The tube was incubated 
on ice and vortexed for every 10 minutes, for a total of 40 
minutes. The tube was centrifuged at 16,000 xg for 10 min-
utes before transferring the supernatant (nuclear extract) 
fraction to a new tube on ice.

Metabolic Labeling and Pulse Chase of OA in Osteoblasts

Primary osteoblasts were cultured in 6-well plates at a 
density of 50,000 cells/well for 3 days. Cells were washed 
twice with PBS and incubated with methionine free EMEM 
medium containing 10% FBS for 1 hour. 35S methionine 
(Amersham Biosciences,) was added to a fi nal activity of 
150 �Ci/ml. Cells were incubated for 1 hour then washed 
twice with chase medium (EMEM with 10% FBS, 2 mM 
methionine) and incubated in the chase medium for 0, 5, 10, 
30, 60 and 120 minutes. After the chase, cells were washed 
twice with ice cold PBS and lysed in RIPA buffer. OA pro-
tein was immunoprecipitated and electrophoresed on 10% 
SDS-PAGE gel. The gel was dried in a gel dryer at 80°C for 
2 hours and exposed to Eastman Kodak Co. MR x-ray fi lm 
for at least 24 hours.

Treatment with Retinoic Acid and Tunicamycin

Primary osteoblasts were cultured in 6-well plates at a 
density of 50,000 cells/well, rinsed with Hank’s medium, 
and treated with 10–6 M all-trans-retinoic acid (RA) (Sigma-
Aldrich, St. Louis, MO) in the presence or absence of 1 �g/
ml of tunicamycin (TM) (A.G.Scientifi c, San Deigo, CA) or 
TM alone for 24 hours. Untreated cultures served as con-
trols. Cultures were terminated on day 14 and 21, depending 
on the experimental protocol. OA protein expression was 
then assessed using Western blot analysis.



43

Temple University Journal of Orthopaedic Surgery & Sports Medicine, Spring 2008

Incorporation of Radiolabeled Sugar Molecules 
into OA Protein

Primary osteoblasts were cultured in 6-well plates at a 
density of 50,000 cells/well for 5 days. Cells were treated 
with 10–6 M of RA in the presence or absence of 1 �g/ml of 
TM. Untreated cultures were served as controls. After 24 
hours, cells were washed with PBS and incubated with serum 
free medium containing 14C mannose (1 �Ci/ml) for 12 
hours at 37°C. Incorporation was determined by cooling the 
plates to 0°C, removing the medium, and washing twice with 
cold PBS. OA protein was immunoprecipitated and radioac-
tivity incorporated was counted in a liquid scintillation coun-
ter. For deglycosylation experiments, the OA immunopre-
cipitated beads were treated with PNGase for 3 hours at 
37°C and the release of 14C mannose into the supernatant 
was determined in a liquid scintillation counter.

Protein Isolation

Total protein was isolated as described previously.23 
Briefl y, osteoblast cultures terminated at different time 
points, based on the experimental strategies, were trypsinized 
with 0.25% trypsin and centrifuged for 10 minutes. Cells 
were lysed in RIPA buffer and protein concentration was 
measured using bicinchoninic acid (BCA) protein assay.

Protein de-glycosylation

Twenty �g of total protein isolated from 7, 14 and 21 day 
primary osteoblast cultures was treated with enzymatic car-
borelease kit (QA-bio, Rockford, IL) to free N- and O-linked 
sugar groups. Total protein sample was mixed with 10 µl 
reaction buffer in 35 �l distilled water. Denaturation buffer 
(2.5 �l) was added to the protein sample and mixed gently, 
boiled at 100°C for 5 minutes and chilled on ice. Two µl of 
each enzyme (PNGase F, Sialidase, b-galactosidase, Glu-
cosaminidase, and O-Glycosidase) was added to the protein 
sample and incubated for 3 hours in water bath at 37°C.

Immunoprecipitation

Fifty �g of total proteins isolated from primary osteoblast 
cultures were immunoprecipitated using immunoprecipita-
tion kit (Roche Diagnostic, Corp., IN) to isolate OA pro-
teins. Twenty fi ve �g of agarose A/G beads were added to 
each protein sample and incubated overnight at 4°C. Beads 
were sedimented by centrifugation at 12000 xg for 20 sec-
onds then the supernatant was transferred to fresh tube fro 
immunoprecipitation according to the manufacturer’s proto-
col. Twenty fi ve �l of gel loading buffer was added to each 
sample; proteins were denatured by heating to 100°C for 5 
minutes and analyzed by SDS gel electrophoresis.

Western Blot Analysis

Protein was isolated and subjected to SDS-PAGE as 
described previously.23 Briefl y, proteins isolated from pri-
mary cultures were mixed with denature buffer and heated at 

100°C for 5 minutes. Samples were subjected to 10% SDS-
PAGE in 1x TGS for one hour. Gel was then transferred to 
PVDF membrane by semi-dry transfer apparatus (Biorad, 
Hercules, CA) for one hour. The blot was incubated in block-
ing buffer (0.5% BSA and skim milk in PBS) for one hour 
then primary antibody was added to blocking buffer over-
night at 4°C. The blot was washed 5 times in 1X TTBS 5 
minutes each then incubated with HRP-conjugated second-
ary antibody, for one hour. The blot was washed again in 
TTBS for 5 times and the signals were developed using ECL 
kit and detected on XL-exposure fi lms.

Staining of Sugar Molecules Within OA Protein

For the evaluation of sugar molecules incorporated within 
OA protein, immunoprecipitated OA protein was subjected 
to SDS PAGE. Gel was then stained using Pro-Q Emerald 
Glycoprotein Gel Stain kit (Molecular Probes, Eugene, OR). 
The gel was incubated in 100 ml of fi x solution (50% metha-
nol and 5% acetic acid in dH2O) at R.T. for 45 minutes to 
wash out SDS. The gel was washed in 100 ml of wash solu-
tion (3% glacial acetic acid in dH2O) with gentle agitation at 
R.T. for 20 minutes. The gel was then incubated in 25 ml of 
oxidizing solution (3% acetic acid and 1% periodic acid) 
with gentle agitation for 30 minutes. The gel was washed 
again in 100 ml of wash solution for 20 minutes then incu-
bated with 25 ml of the pro-Q emerald solution diluted 1:50 
in staining buffer with gentle agitation for 90 minutes. The 
signals were detected via Alpha Imager apparatus with ultra-
violet light.

Alkaline Phosphatase (ALP) Activity Measurement

ALP activity was measured as described previously.20 
Briefl y, cell layers of 14 day culture were treated with TZM 
buffer for 30 minutes. Aliquots were mixed with p-nitrophe-
nol substrate in 10x methylating triazene temozolomide 
(TZM) buffer. ALP activity results were normalized to the 
total protein content.

Alkaline Phosphatase Histochemistry

Primary cultures were stained for Alkaline Phosphatase 
(ALP) as described previously.23 Briefl y, ALP staining was 
performed on cultures at day 14 using ALP staining kit 
(Sigma). Cells were counterstained with hematoxylin 
and allowed to air dry before evaluating with inverted 
microscope.

Osteocalcin Measurement

Osteocalcin concentration was measured using sandwich 
ELISA kits as described previously.20 Briefl y, cell layers and 
conditioned media of 21 day cultures and standards were 
incubated in ELISA plates. After incubation with peroxi-
dase-conjugated secondary antibody for 1 hour, TMB sub-
strate was added for 30 minutes and absorbance was read at 
450 nm using ELISA reader. Osteocalcin values (ng/ml) 
were normalized to the total protein content.
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Calcium Measurement

Calcium concentration was determined as described pre-
viously.20 Briefl y, cell layers of 21 day cultures were lyzed 
with 0.5 N HCl. Aliquots were mixed with calcium binding 
reagent and read at 575 nm using spectrophotometer. Cal-
cium values were calculated from the standard curve.

von Kossa Staining of Mineralized Nodules

Primary cultures were stained for mineralization as 
described previously.23 Briefl y, von Kossa staining was used 
to stain osteoblast mineralized nodules on day 21. Cells were 
counterstained with fast green then rinsed with dH2O and 
allowed to air dry. Cells were then evaluated with TE300 
inverted microscope.

MTT-cell Viability Assay

Cell viability assay was performed as described previ-
ously.23 Briefl y, MTT substrate was added on cultured osteo-
blasts in 24-well plate (100 �l/well) and incubated for 4 
hours. Solubilizer was added (250 �l/well) overnight. Sam-
ples were read in 96-well plate on ELISA reader at 570 nm.

Image Analysis

Pictures were analyzed as described previously.23 Briefl y, 
pictures were obtained from different fi elds and images were 
analyzed using BIOQUANT 98 software. The size of the 
nodules was computed using the area measurement option of 
the program. Nodule mineralization was computed using the 
videocount area array option. Percent area fractions of alka-
line phosphatase or von Kossa staining were calculated by 
dividing the videocount area containing pixels at or above 
the threshold by the videocount area of total number of pix-
els in the entire fi eld, and multiplying by 100. This determi-
nation was made at 4 different locations per well, 4 wells per 
group.

Statistical Analysis

For multiple group comparison, analysis of variance 
(ANOVA) was used to evaluate the effect of one variable on 
multiple independent groups. In the event of a signifi cant 
group effect, individual pairs of means were compared using 
Newman-Keuls post hoc test. A p value ≤0.05 was consid-
ered statistically signifi cant. Group means + standard error 
of the mean (SEM) were plotted in graphs.

Results

Characterization of OA Protein Sequence and Its 
Homology to Different Family Members

Osteoactivin (OA), also known as glycoprotein nmb 
(gpnmb), is a type I transmembrane glycoprotein that con-
sists of at least three different domains; an N-terminal 
domain with a signal peptide, a polycystic kidney disease 
domain (PKD) domain, and a transmembrane domain (TRM) 
(Figure 1A). The protein also contains an Arg-Gly-Asp 
(RGD) cell attachment domain, for integrin-mediated cell 

attachment and spreading.39 As shown in Figure 1B, the rat 
OA protein shares 88% homology with mouse osteoactivin, 
also known as dendritic cell heparan sulfate proteoglycan 
integrin dependent ligand (DC-HIL); 77% homology with 
human hematopoietic growth factor inducible neurokinin 
(HGFIN) and human nmb; and 65% and 60% homology, 
with quail neuroretina protein (QNR71) and human Pmel-17/
gP100 melanocyte specifi c protein, respectively. All of these 
proteins contain all of the domains described for OA (Figure 
1A). OA also contains a sorting signal sequence in close 
proximity to the C-terminal domain. This signal sequence 
contains dileucine amino acids with a consensus sequence of 
EXXPLL, and is located 7 amino acids away from the C-ter-
minal end of the protein. There is another signal sequence 
located 29 amino acids upstream of the sorting sequence, 
and this sequence has been suggested to play a role in pro-
tein sorting through the rough endoplasmic reticulum and 
the Golgi complex.40 This signal sequence contains one 
tyrosine with a consensus sequence of YXPI (Figure 1C).

Figure 1. Primary structure of osteoactivin protein and its 
homology to other family members. (A) Schematic diagram of 
the primary structure of osteoactivin drawn to scale. The protein 
consists of three main parts, the extracellular domain (ECD), the 
transmembrane domain (TMD) and the cytoplasmic domain (CD). 
Numbers correspond to amino acid position. SP, signal peptide; 
PKD, polycystic kidney disease domain; PRRD, proline rich repeat 
domain; TMD, transmembrane domain; LL, dileucine sorting 
sequence; RGD, integrin binding domain. Note the presence of an 
RGD domain in the C-terminus of rat OA, while mouse OA has two 
RGD domains, one in the N-terminus and the other in the C-termi-
nus, and human OA has only one RGD domain in the N-terminus. 
(B) High homology of rat OA to mouse DC-HIL, human HGFIN, 
human NMB, quail QNR-71 and human PMEL17. Percent of 
homology is represented by different colors in the identity bar. DC-
HIL, denderitic cell heparan sulfate proteoglycan integrin depen-
dent ligand; HGFIN, hematopoietic growth factor inducible neuro-
kinin; NMB, non-melanoma B; QNR71, quail neuroretina; 
Pmel-17/gP100, melanocyte specifi c protein. (C) Sequence align-
ment of the cytoplasmic domain of integral membrane proteins tar-
geted to vacuoles or melanosomes. Red labeled amino acids are the 
di-leucine- and tyrosine-based sorting signals in the indicated pro-
teins. The indicated numbers refl ect the number of amino acids 
between two signals.
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Bioinformatic analysis of the amino acid sequence of the 
OA protein showed that the fi rst 22 amino acids constitute a 
signal peptide.1 Collectively, these data suggest that the OA 
protein is highly glycosylated and has two isoforms, secreted 
and transmembrane.

OA Expression During Osteoblast Differentiation 
in Culture

Expression of the endogenous OA protein isoforms was 
compared at the 3 stages of osteoblast development in cul-
ture (cell proliferation between days 3–7, matrix maturation 
between days 7–14, and matrix mineralization between days 
14–21). Western blot analysis showed that OA was detected 
as two distinctly different molecular weight protein bands, 
one refl ecting the native, immature protein at 65 kDa and the 
other refl ecting a post-translationally modifi ed isoform of 
the protein at 115 kDa (Figure 2A). The temporal pattern of 
OA expression during osteoblast differentiation demon-
strated that both OA isoforms are expressed at all stages with 
increasing levels of expression as the osteoblasts terminally 
differentiate. Densitometric analysis of OA expression 
showed that both the mature and native isoforms increased 
by ~250%, in the third week of primary culture compared to 
the fi rst week (Figure 2A). These data suggest an important 
role for the mature OA isoform in regulating the terminal 
differentiation of osteoblasts in culture.

We next examined the expression pattern of OA in differ-
ent cellular compartments. Here we collected total primary 
osteoblast cell lysates that had been cultured for 3 weeks 
before termination. Fractionation of total cell lysates fol-
lowed by Western blot analysis showed that the mature and 
native/immature OA isoforms were absent in the nuclear 
fraction, thereby confi rming that OA protein has no nuclear 
localization sequence (Figure 2B). The mature OA isoform 
was highly expressed in the cytoplasmic fraction compared 
to the native/immature OA isoform (Figure 2B). The mature 
OA isoform was expressed in the membranous fraction while 
the native/immature OA isoform was absent from that frac-
tion (Figure 2B). Next, we examined whether the mature 
isoform of OA is secreted by osteoblasts into the conditioned 
medium. Primary osteoblasts were cultured for three weeks, 
and 24 hours prior to harvesting; the cells were switched to 
serum-free medium. This conditioned medium and the cor-
responding cell layers were then analyzed for OA expres-
sion. Western blot analysis showed that the mature OA iso-
form of 115 kDa was highly expressed in the cell lysates and 
secreted into the conditioned medium (Figure 2C). Although 
the native/immature OA isoform of 65 kDa showed lower 
levels of expression in the osteoblast cell lysate, it was absent 
from the conditioned medium. These data suggest that the 
mature OA isoform is secreted; however, the native OA iso-
form is restricted to the cytoplasm, probably within different 
cellular compartments (see below).

Localization and Traffi cking of OA in Osteoblasts

From the data provided above, it is clear that OA is 
expressed and secreted by osteoblasts. In order to examine 
intracellular localization of OA within osteoblast cellular 
compartments, we performed immunofl uorescent analysis. 
Primary osteoblasts were cultured for three days, then fi xed 
and stained with anti-OA antibody (Ab-551) (red signal). In 
order to examine whether OA is co-localized with secretory 
organelles, a rough endoplasmic reticulum (rER) marker 
was used (green signal). OA was found to be co-localized 
with the rER marker, suggesting that the protein is processed 
through the secretory pathway (Figure 3A–C). These data 
are consistent with previous data on Pmel-17, another family 
member with similar pattern of localization.35 To further 
visually confi rm the intracellular localization of OA in osteo-
blasts, we transfected primary osteoblasts with a vector 
expressing an green fl uorescent protein (GFP)-tagged-OA 
fusion protein under the control of the cytomegalovirus 
(CMV) promoter. Cells transfected with a GFP-only vector 

Figure 2. Osteoactivin expression during osteoblast differentia-
tion. Primary rat osteoblasts were cultured and terminated after 1, 
2 or 3 weeks of culture. (Aa) Immunoblot showed that the glycosy-
lated, mature OA isoform (115 kDa) was expressed at higher levels 
than the immature OA isoform (65 kDa) after 3 weeks in culture. � 
actin was used as a loading control. (Ab and Ac) Densitometry of 3 
immunoblots quantifying percent of the mature/glycosylated (115 
kDa) (Ab), or the immature (65 kDa) isoforms (Ac) of OA protein 
as a ratio of � actin. Bars represent mean + SEM. *p < 0.05 when 
compared to fi rst week of culture. (B and C) Localization of OA 
isoforms in osteoblasts. Primary osteoblasts were cultured for 3 
weeks and cell lysates were fractionated. (B) Immunoblot showed 
that the cytoplasmic compartment (cytosol) contains both the gly-
cosylated/mature (mOA) isoform of 115 kDa and the native (imma-
ture) (iOA) isoform of 65kDa. The membranous fraction (mem-
brane) showed expression of the only glycosylated/mature OA 
isoform. There was no expression of either OA isoform in the 
nuclear fraction (nucleus). (C) Primary osteoblasts were cultured 
for 3 weeks, and then switched to serum free medium for 24 hours 
prior termination. Immunoblot showed that the mature highly gly-
cosylated mOA isoform of 115 kDa is secreted into the conditioned 
medium (C. Medium). The osteoblast cell lysate contains both gly-
cosylated/mature (mOA) and native/immature (iOA) isoforms of 
OA protein.
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served as non-specifi c controls (CMV-EV) (Figure 3D-G). 
At 24 hours following transfection, OA was localized in a 
punctuated, vesicle-like pattern in the peri-nuclear cytoplasm 
(Figure 3E). At 48 hours following transfection, the OA 
expression was localized towards the periphery of the osteo-
blasts (Figure 3G). In order to examine whether OA is local-
ized to the plasma membrane, primary osteoblasts trans-
fected with GFP-OA were labeled with DiD dye, a lipophilic 
membrane stain that is weakly fl uorescent until incorporated 
into the plasma membrane.41 Confocal microscopy revealed 
co-localization of OA signal with the plasma membrane sig-
nal (Figure 3H–J). Collectively, these data suggest that in 
osteoblasts, OA is synthesized and processed through the 
secretory pathway and anchored to the plasma membrane.

medium containing unlabeled L-methionine and terminated 
at different time points (0-60 minutes). Cell lysates were 
then immunoprecipitated using the OA-551 antibody (Fig-
ure 4A). The immature (iOA) isoform of 65 kDa appeared 
after 5 minutes and reached maximum expression after 30 
minutes. The mature (mOA) isoform of 115 kDa appeared 
after 10 minutes (Figure 4A). After 60 minutes of chase, 
both isoforms of OA were reduced in intensity, with only the 
immature isoform being detectable (Figure 4A). Conditioned 
medium collected following [35S]-methionine labeling and 
after 60 minutes of chase, showed that the mOA isoform is 
secreted and detectable after 60 minutes (Figure 4A). These 
data suggest that the half-life of the OA protein is short 
and although some of the mature protein is secreted, is the 
short half-life could be due to either degradation or recycling 
of the OA protein, possibilities which warrant further 
investigation.

From the above data, we propose that the mOA isoform is 
post-translationally modifi ed. To further investigate this pos-
sibility, we immunoprecipitated OA protein from primary 
osteoblasts cultures isolated at 1-, 2- and 3-week. A gel on 
which cytoplasmic proteins from primary osteoblasts were 
separated was stained with the Pro-Q Emerald stain that 
detects glycoproteins by reacting with periodate-oxidized 
carbohydrate groups42 (Figure 4B). Only the mOA isoform 
was detected, suggesting that this isoform is heavily glyco-
sylated. Furthermore, its expression is increased as the osteo-
blasts differentiate, reaching maximum levels at 3 weeks in 
culture as described previously.1, 23

The above information clearly suggests that the mature, 
high molecular weight isoform of OA is glycosylated as part 
of its post-translation modifi cation. Bioinformatic analysis 
of the OA protein sequence showed that OA is potentially 
glycosylated by O-linked (supplemental Figure 1C) and 
N-linked glycans.20 To investigate this possibility, total pro-
tein isolated from three week primary osteoblast cultures 
was fi rst treated with PNGase-F, an enzyme that cleaves all 
asparagine-linked complexes, hybrid or high mannose oligo-
saccharides. The treatment reduced the MW of the mOA iso-
form by approximately 20 kDa to a form migrating at 95 
kDa. To analyze the O-glycan modifi cation of the OA pro-
tein, we then treated these osteoblastic proteins with a com-
bination of different enzymes. The combination of Sialidase 
and O-Glycosidase were used to remove all Ser/Thr-linked 
(O-linked) Gal-(b1-3)-GalNAc-(a1) and all sialic acid sub-
stituted Gal-(b1-3)-GalNAc-(a1), and the addition of 
�-Galactosidase and Glucosaminidase were used to assist in 
the deglycosylation of larger O-linked structures. Our data 
showed that the mOA isoform was reduced by only 15 kDa 
to a form migrating at approximately 100 kDa. A combina-
tion of the PNGase-F and the O-glycan de-glycosylation 
enzymes reduced the apparent molecular weight of the mOA 
isoform only slightly more than either did alone, to approxi-
mately 90 kDa (Figure 4C). As expected, in all cases, the 
migration of the immature isoform of OA (iOA) was not 

Figure 3. Localization of osteoactivin into osteoblasts. (A–C) 
Immunofl uorescent localization of OA in osteoblasts. Primary rat 
osteoblasts were cultured for two days, fi xed and dual stained with 
anti-OA antibody (A, red signal), or rough ER (rER) marker (B, 
green signal) and visualized using epifl uorescent microscopy. OA 
is localized to the peri-nuclear area specifi cally in the rough ER as 
demonstrated by co-localization between OA and rER markers (C, 
yellow signal). (D–G) Transient overexpression/localization of OA 
in osteoblasts. Primary osteoblasts were transfected with CMV-
GFP (D and F) or CMV-GFP-OA (E and G) constructs. Cells were 
visualized at 24 (D and E) and 48 (F and G) hours using confocal 
laser scanning microscopy (Magnifi cation = 1500x). Note that 
CMV-GFP showed diffuse signal throughout the cell at both time 
points examined, while cells expressing CMVGFP-OA showed OA 
in vesicular-like structures localized to the perinuclear cytoplasm at 
24 hours post-transfection (E) and toward the cell periphery at 48 
hours pos-transfection (G). (H–J) Immunofl uorescent dual staining 
in primary osteoblasts labeled with anti-OA antibody (H, green sig-
nal) and DiD plasma membrane dye (red signal). Photomicrographs 
were captured using confocal laser scanning microscope. Note the 
co-localization of OA signal with member dye (J, yellow signal).

Detection of OA Isoforms Intracellular with Pulse Chase

To track the intracellular processing of the OA protein in 
osteoblasts, we used a metabolic labeling approach. Primary 
osteoblasts were cultured for 3 days, and then incubated with 
EMEM medium containing [35S]-methionine for 1 hour. Fol-
lowing pulse labeling, cells were then incubated with chase 
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for 24 hours prior termination at day 14 (see below) or day 
21 (data not shown). Western blots for alkaline phosphatase 
(ALP), a marker of differentiating osteoblasts used here as a 
positive control, and for OA were performed and analyzed 
(Figure 5A). RA treatment caused an increase in the amounts 
of both native (58 kDa; iALP) and glycosylated (67 kDa; 
mALP) isoforms of ALP, while treatment with TM caused a 
dramatic decrease in the glycosylated, but not the native iso-
form of ALP as compared to untreated controls. Treatment 
with both RA and TM was able to rescue the inhibitory 
effects of TM on ALP glycosylation (Figure 5A–C). It is 
interesting to note that treatment with RA increased only the 
glycosylated, mOA isoform, treatment with TM blocked the 
glycosylation of mOA. The combination of both factors res-
cued the glycosylation of mOA isoform similar to that 
observed for ALP. Unlike ALP, it is important to note that the 
iOA isoform was not altered in response to either RA or TM 
treatment (Figure 5A, D and E).

Densitometry showed increased expression of the glyco-
sylated mOA isoform by 233% on day 14 (Figure 5D), and 
by 198% on day 21 (data not shown) in cultures, after RA 
treatment. Expression of the glycosylated OA isoform was 
inhibited by 89% on day 14 (Figure 5D), and by 85% on day 
21 (data not shown) in culture, after TM treatment. The iOA 
isoform was not affected in response to treatment with RA or 
TM on day 14 (Figure 5E) or day 21 (data not shown) in 
culture. The results obtained from day 14 and 21 cultures 
suggested that the regulation of OA glycosylation, at least by 
RA and TM treatment, was not altered during osteoblast dif-
ferentiation. These results confi rm that OA is glycosylated 
by N-glycan modifi cations.

The effects of RA and TM on OA glycosylation was fur-
ther determined by radiolabeling newly synthesized and 
modifi ed OA protein using [35S]-methionine and [14C]-man-
nose incorporation. Primary osteoblast cultures were treated 
with RA, TM or both, and then radiolabeled as described in 
the methods section. OA was immunoprecipitated and the 
radioactivity incorporated into the newly synthesized OA 
protein was counted. Treatment with RA signifi cantly 
increased OA protein synthesis and induced a 2-fold increase 
in mannosylation, as determined by the incorporation of 
[35S]-methionine and [14C]-mannose, respectively (Figure 5F 
and G). TM treatment inhibited 14C mannose incorporation 
into OA protein by 45% compared to untreated controls. RA 
countered the effect of TM on OA protein mannosylation to 
levels similar to the control (Figure 5F and G). The ratio of 
[14C]-mannose over [35S]-methionine incorporation was 
increased in response to RA treatment (Figure 5H). To fur-
ther confi rm that RA treatment stimulates mannose incorpo-
ration into OA protein, immunoprecipitated OA protein-
beads were treated with PNGase-F and free [14C]-mannose 
released into the supernatant was increased by RA treatment 
compared to untreated controls (Figure 5I). Collectively, 
these data clearly suggest that OA protein is heavily glyco-
sylated and its glycosylation can be modulated by RA. How-

Figure 4. Processing and glycosylation of OA in osteoblasts. (A) 
Processing of OA protein isoforms in osteoblasts with pulse chase. 
Primary osteoblasts were cultured for 3 days, pulsed with 35S 
methionine (1�Ci/ml) for 60 minutes, then chased for the time 
indicated in minutes. Fifty �g protein aliquots of cell lysates were 
immunoprecipitated with anti-OA antibody (OA 551), and immu-
noprecipitates were subjected to SDS-PAGE followed by autora-
diography. The native/immature OA isoform of 65 kDa was 
observed after 5 minutes and gradually increased to maximum after 
30 minutes. The upper/mature OA isoform of 115 kDa was observed 
after 10 minutes and reached maximum after 30 minutes. The con-
ditioned medium (C. Medium) after 60 minutes of chased culture 
showed only the upper/mature OA isoform of 115 kDa was present. 
(B and C) Mature/secreted OA isoform is glycosylated. (B) Pri-
mary osteoblasts were cultured and terminated after 1, 2 and 3 
weeks; 50 �g total protein from cell lysates were immunoprecipi-
tated with OA antibody (OA-551), the immunoprecipitates were 
subjected to SDS-PAGE. The gel was then fi xed and stained for 
glycoproteins with the Emerald 300 gel stain kit. The gel showed 
only the glycosylated OA isoform at 115 kDa. (C) Primary osteo-
blasts were cultured for 3 weeks and 20 g total protein from cell 
lysates were treated with enzymes to remove N-linked glyco-
conjugates using PNGase or O-linked glycoconjugates using 
O-glycosidase as described in the methods. Immunoblot showed a 
decrease in molecular weight (MW) of the glycosylated OA iso-
form to 90 kDa with PNGase treatment and to approximately 95 
KDa with O-glycosidase treatment. Combined treatment of PNGase 
with O-glycosidase also decreased the MW of the glycosylated OA 
isoform to approximately 90 kDa. In all treatment conditions with 
the different enzymes, the MW of the native/immature OA isoform 
was not affected. � actin was used as a loading control.

affected. These results confi rm that the OA protein is modi-
fi ed by a combination of N- and O- linked glycans.

Regulation of OA Glycosylation by Retinoic Acid and 
Tunicamycin

It has been reported that retinoic acid (RA) treatment 
alters the glycosylation of alkaline phosphatase in neuronal 
cell lines43 and that the treatment with the antibiotic tuni-
camycin (TM) blocks the fi rst step in glycoprotein synthesis, 
thus inhibiting the formation of N-glycans linked glycopro-
teins.44 For our purpose, we were interested in examining 
whether RA treatment alters the nature of the mOA isoform 
in osteoblasts. Primary osteoblast cultures were treated with 
either 10–6 M RA, 0.25 �g/ml TM or the combination of both 



Temple University Journal of Orthopaedic Surgery & Sports Medicine, Spring 2008

48

ever, the mechanism associated with the effect of RA on 
stimulation of glycosylation requires further investigations.

Blocking the Secreted/Mature Glycosylated OA Protein 
Inhibits Early Osteoblast Differentiation and Function

To examine whether the secreted, mature, glycosylated, 
isoform of OA has a role in early osteoblast differentiation, 
primary osteoblasts cultures were treated with different con-
centrations of anti-OA antibody (OA-551) (Figure 6, dose 
response not shown), every time the medium was changed. 
Cultures were terminated and stained for alkaline phos-
phatase (ALP), a marker of early osteoblast differentiation, 
on day 14 and for mineralized nodules assessed on day 17. 
Primary cultures treated with OA-551 showed less ALP 
staining (Figure 6Aa) as well as ALP activity (Figure 6B) 
when compared to non-immune IgY treated, control 
cultures.

The percent of ALP positive area fraction was quantifi ed 
in each treated and untreated condition using computerized 
software (BioquantOsteo). Anti-OA antibody treated cul-
tures showed a decrease of 67% in percent ALP area fraction 
compared to untreated controls (Figure 6Ab). Anti-OA anti-
body treated cultures showed a signifi cant decrease in nod-
ule formation (Figure 6Ca), total number of mineralized 
nodules (Figure 6Cb) and average nodule size (Figure 6Cc) 
when compared to control cultures. These data suggest an 
important functional role of the secreted/mature glycosy-
lated OA isoform in the regulation of early osteoblast 
differentiation.

Blocking the Secreted/Mature Glycosylated OA Protein 
Inhibits Late Osteoblast Differentiation

To investigate whether the secreted, mature, glycosylated, 
isoform of OA has a role in terminal osteoblast differentia-
tion and matrix mineralization, primary osteoblasts were 
cultured and treated with different concentrations of anti-OA 
antibody (OA-551) and terminated at day 21 for the mea-
surement of late stage osteoblast differentiation makers (Fig-
ure 7). In order to determine whether the effect of OA-551 
on late differentiation is due to a direct effect on cell prolif-
eration or on later stages of differentiation, cultures were 
treated starting on day 3, when osteoblasts are actively pro-
liferating, with different doses of OA-551, and parallel cul-
tures were treated with the same doses of OA-551 starting on 
day 11, when the osteoblasts are at the matrix maturation 
stage. Both cultures were terminated at day 21 for the mea-
surement of late stage osteoblast differentiation markers, 
such as nodule mineralization by von Kossa staining, cal-
cium deposition, and osteocalcin production (Figure 7).

When mineralization (percent area fraction of von Kossa 
staining) was quantifi ed in each treated and untreated condi-
tion, we found that anti-OA antibody treatment initiated at 
either day 3 or day 11 in culture showed a dramatic reduc-
tion in areas stained with von Kossa when compared to con-
trols (Figure 7Aa and Ab for presentation of one dose treat-

Figure 5. Regula-
tion of OA glyco-
sylation. Primary 
osteoblasts were 
cultured and treated 
with 10–6 M retin-
oic acid (RA) in 
the presence or 
absence of 1 �g/ml 
tunicamycin (TM) 
or TM only for 24 
hours prior termi-
nation on day 14. 
(A) Immunoblots 
showed increased 
expression of the 
mature/glycosy-
lated OA isoform 
of 115kDa and 
alkaline phos-
phatase glycoen-
zyme (ALP) of 58 
kDa and 67 kDa 
isoforms (used as 
positive control) compared to untreated controls (Con.). Tunicamy-
cin (TM) treatment inhibited glycosylation of both mature OA and 
ALP isoforms when compared to untreated controls. Treatment of 
osteoblast lysates with both RA and TM stimulates the glycosyla-
tion of the immature (58 kDa) and mature (67kDA) ALP isoforms, 
but only the mature OA (115 kDA) isoform. � actin was used as a 
loading control. (B and C) Densitometry of 3 immunoblots quanti-
fying the ratio of the glycosylated/mature ALP (B) and native/
immature ALP (C) isoforms over � actin. (D and E) Densitometry 
quantifying the ratio of the glycosylated/mature OA (D) and native/
immature OA (E) isoforms over � actin. (F–I) Incorporation of 
radiolabeled 14Cmannose and 35S-methionnine into OA. Primary 
osteoblasts were cultured for 3 days then treated with RA, TM, or 
RA and TM for 24 hours. Primary cultures were then switched to 
serum free medium that have either 14C-mannose (1�Ci/ml) or 
35S-methionine (1�Ci/ml) for 12 hours before termination. Fifty 
�g protein aliquots of cell lysates were immunoprecipitated with 
anti-OA antibody (OA-551). Incorporation of 14C-mannose and 
35S-methionine in OA protein were determined via scintillation 
counting. RA treatment increased 14C-mannose (F) and 35Smethio-
nine (G) incorporation into OA protein, while TM treatment 
reduced only 14C-mannose incorporation into OA protein (F). 
Another 50 �g protein aliquot of cell lysates were immunoprecipi-
tated with OA antibody and incubated with PNGase for 1 hour at 
37°C and the free 14C-mannose in the supernatant was counted. The 
ratio of 14C-mannose over 35Smethionine incorporation into OA 
protein and the free released 14C-mannose from OA protein was 
calculated and showed that RA treatment increased OA protein 
synthesis and glycosylation (H and I). Bars represent mean + SEM. 
*p < 0.05; **p < 0.01 when compared to untreated controls; 
�p < 0.01 when compared to TM treated cultures.
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ment started at day 3 and terminated at day 21). Anti-OA 
antibody treated cultures showed a decrease of 70% in per-
cent von Kossa area fraction staining (Figure 7Ac), as well 
as a signifi cant decrease in total number of nodules as well 
as mineralized nodules and nodule size by 54% on day 21 
(data not shown) compared to, non-immune IgY, control cul-
tures. Calcium deposition, a marker also refl ecting the matrix 
mineralization of late stage differentiated osteoblasts, 
increases in a temporal pattern with osteoblast culture dif-
ferentiation (Figure 7B). Treatment with different doses of 
anti-OA antibody (OA-551), started at day 3 or day 11, sig-
nifi cantly inhibited calcium deposition within the osteoblast 
cultures in a dose response manner (Figure 7Ca and Cb). In 
order to examine whether treatment with OA-551 had any 
effect on cell viability, cultures treated with different doses 
of anti-OA antibody starting at day 3 or day 11 were termi-
nated at days 5 and 21, respectively, for measurement of cell 
viability using the MTT assay. OA-551 treatment did not 
have a signifi cant effect on cell viability when compared to 
control (non-immune IgY) treated cultures (Figure 7Da and 
Db).

Osteocalcin, a secreted marker of terminally differenti-
ated osteoblasts, was also measured in the cell-matrix layer 

and in the conditioned medium. OA-551 treatment caused a 
signifi cant decreased in osteocalcin production within the 
cell matrix layer and the conditioned medium when com-
pared to control cultures (Figure 7Ea and Eb). Collectively, 
these data demonstrate a crucial role for the secreted isoform 
of OA in the regulation of terminal osteoblast differentiation 
and matrix mineralization.

Figure 6. Blocking the secreted/mature glycosylated OA pro-
tein inhibits osteoblast differentiation. Primary osteoblasts were 
cultured and treated with anti-OA antibody (OA-551) (40 �g/ml) 
with every medium change, prior to alkaline phosphatase (ALP) 
staining, on day 14. (Aa) Photomicrographs showed diminished 
ALP staining in cultures treated with anti-OA antibody compared 
to non-immune IgY treated controls. (Ab) Bioquantifi cation of 3 
experiments determined that percent area fraction of the fi eld occu-
pied by ALP staining was signifi cantly less with anti-OA antibody 
treatment. (B) Alkaline phosphatase activity in osteoblasts treated 
with anti-OA antibody for 14 days, was signifi cantly decreased 
compared to non-immune IgY treated controls. Measurement of 
mineralized nodule formation in osteoblasts treated with anti-OA 
antibody on day 17 (Ca and Cb). (Ca) Phase contrast photomicro-
graphs representative of three independent experiments. Nodules 
are smaller in size and lack minerals in cultures treated with anti-
OA antibody when compared to non-immune IgY (control) cul-
tures. (Cb–c) Quantifi cation of three independent experiments for 
total number of nodules/ well and average nodule size. Anti-OA 
antibody treated cultures showed a signifi cant decrease in total 
number of nodules (Cb) and average nodule size (Cc) when com-
pared to non-immune IgY (control) cultures. Bars represent mean + 
SEM. *p < 0.05 when compared to non-immune IgY controls.

Figure 7. Blocking the secreted/mature glycosylated OA pro-
tein inhibits osteoblast matrix mineralization. Primary osteo-
blasts were cultured and treated with anti-OA antibody (OA-551) 
(40 �g/ml) with every medium change, prior to von Kossa staining 
for matrix mineralization and light green counterstaining on day 
21. (A) Photomicrographs of culture wells (Aa) and phase contrast 
microscopy (Ab) of osteoblasts treated with either non-immune 
IgY (control) or anti-OA antibody. Von Kossa staining showed a 
decrease in matrix mineral deposition in cultures treated with anti-
OA antibody compared to non-immune IgY treated controls. (Ac) 
Bioquantifi cation of 3 experiments determined that percent area 
fraction of the fi eld occupied by von Kossa staining was signifi -
cantly less with anti-OA antibody treatment when compared to 
non-immune IgY treated control cultures. (B) Temporal pattern of 
calcium deposition in normal, untreated primary osteoblast culture 
matrix over time. Calcium deposition began around day 14 and 
increased during the period of terminal osteoblast differentiation. 
(C) Effect of different indicated doses of anti-OA antibody treat-
ment on osteoblast matrix mineralization. Treatment started at dif-
ferent time points, day 3 (Ca) and day 11 (Cb), and terminated at 
day 21 in culture. (D) MTT cell viability assay of parallel cultures 
described in C. Primary osteoblasts were cultured as described in C 
and treated with anti-OA antibodies starting at day 3 (Da) or day 11 
(Db). Both cultures were terminated at day 21 for the measure-
ments of cell viability using the MTT assay as described on the 
method section. (Ea and Eb) Osteocalcin production in osteoblasts 
in cell lysates (Ea) and conditioned medium (Eb). Anti-OA anti-
body treatment signifi cantly reduced osteocalcin production by 
osteoblasts when compared to non-immune IgY treated cultures. 
Bars represent mean + SEM of three independent experiments. 
**p < 0.01, ***p < 0.001 when compared to non-immune IgY con-
trols or zero in graphs.

Over-expression of OA Enhances Osteoblast 
Differentiation and Function

We next examined gain-of-function of OA on osteoblast 
differentiation and function. For this experiment, we utilized 
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the retrovirus pBABE system to over-express OA in osteo-
blasts using the MC3T3-E1 osteoblast-like cell line. Retro-
Max® retrovirus vector system is based on the pCL vector 
system developed by Naviaux et al.45 Cells were infected 
with either pBABE empty vector (pBABE-EV) used as 
 control or pBABE vector over-expressing OA protein 
(pBABE-OA). pBABE-OA infected cells demonstrated 
over-expression of both OA transcript and protein by approx-
imately 2.5-fold (Figure 8A and Ba). Densitometric analysis 
of Westerm blots of the OA protein showed that pBABE-OA 
infected cells over-expressed the mature isoform of OA by 
approximately 2-fold and the native isoform of OA by 
approximately 3-fold (Figure 8Bb and Bc) compared to con-
trol (pBABE-EV). We then fi rst examined whether over-
expression of OA alters osteoblast proliferation and viability. 
There was no signifi cant difference between the pBABEOA 
and the pBABE-EV cells versus untreated control (Figure 
8C). Next, we tested the effect of OA over-expression on 
early (alkaline phosphatase, ALP activity) and late (nodule 
mineralization, calcium deposition and osteocalcin produc-
tion) osteoblast differentiation markers. pBABE-OA cells 
exhibited a signifi cant increases in ALP activity when com-
pared to pBABE-EV and untreated controls (Figure 8D). 
Nodule mineralization as measured by von Kossa staining 
showed that pBABE-OA cells formed a signifi cantly greater 
number of mineralized nodules compared to the pBABE-EV 
control cells (Figure 8Ea and Eb). Over-expression of OA 
caused a signifi cant increase in calcium deposition (Figure 
8F) and osteocalcin production (Figure 8G). Collectively, 
these data suggest that over-expression of OA augments 
osteoblast differentiation and function.

The OA Mutant Mouse Displays Defective Osteoblast 
Differentiation Ex Vivo

A natural point mutation in the osteoactivin mouse gene in 
which a single nucleotide change introduced a stop codon 
leading to the generation of a truncated OA protein of only 
150 amino acids was originally identifi ed by our collabora-
tors8 (Figure 9A). The OA mutant mice develop pigmentary 
glaucoma7 and demonstrate enhanced macrophage func-
tion.25 Although the OA mutant mice are fertile and develop 
normally, we were interested in examining the ability of 
osteoblasts isolated from OA mutant mice to differentiate ex 
vivo. We fi rst confi rmed that the OA mutant mice have the 
point mutation (data not shown). We then evaluated the 
expression of the OA protein in primary cultures of osteo-
blasts established from OA mutant and wild-type mice, using 
Western blot analysis. Using an anti-OA antibody directed at 
the Nterminal end of the mature OA protein (OA-35), we 
could not unambiguously detect an OA protein in the mutant 
osteoblasts (data not shown). We next analyzed the localiza-
tion of the OA protein in osteoblasts isolated from OA 
mutant and wild-type mice. Immunofl uorescent analysis of 
OA protein in mutant osteoblasts using the OA-35 antibody 

Figure 8. Over-expression of OA Enhances Osteoblast Differ-
entiation and Function. MC3T3-E1 osteoblast cultures were sta-
bly infected with either pBABE-empty retroviral vector (pBABE-
EV) or retroviral vector over-expressing osteoactivin (pBABE-OA). 
Parallel uninfected cultures (No Tx) were used as control. Cultures 
were terminated at day 5 for the evaluations of OA gene (A) and 
protein (Ba) expression using qPCR and Western blot analysis, 
respectively. There was ~2.5 fold increase in OA protein levels in 
cells over-expressing OA when compared to cells infected with 
empty vector alone. (Bb and Bc) Densitometry of 3 immunoblots 
quantifying percent of the mature/glycosylated (115 kDa) (Bb), or 
the immature (65 kDa) isoforms (Bc) of OA protein as a ratio of � 
actin. Bars represent mean + SEM. *p < 0.05 when compared to 
cells infected with empty vector. (C) Un-infected (NoTx), stably 
infected (either pBABE-EV or pBABE-OA) MC3T3-E1 cells were 
cultured and terminated at day 5 for measurement of cell viability. 
There was no signifi cant difference among all culture conditions. 
(D) Un-infected (NoTx) or stably infected (either pBABE-EV or 
pBABE-OA) MC3T3-E1 cells were cultured and terminated at day 
14 for ALP measurement. pBABE-OA infected cells showed sig-
nifi cant increase in ALP activity when compared to either un-
infected (NoTx) or pBABE-EV infected cells. (E–G) Parallel cul-
tures were terminated at day 21 for the measurement of nodule 
formation and matrix mineralization. (E) Photomicrographs (40x 
magnifi cation) of culture wells (upper panel) and phase contrast 
(lower panel) of osteoblasts infected with either pBABE-EV or 
pBABE-OA. Von Kossa staining showed dramatic increased in 
matrix mineral deposition in cultures over-expressing OA when 
compared to pBABE-EV infected control cultures. (F) Bioquantifi -
cation of 3 independent experiments determined that percent area 
fraction of the fi eld occupied by von Kossa staining was signifi -
cantly increased in cells over-expressing OA (pBABE-OA) when 
compared control pBABE-EV infected cultures. (G) Calcium depo-
sition was signifi cantly increased in cells infected with pBABE-OA 
when compared to control cells infected with pBABE-EV or 
untreated. (H) Osteocalcin production in cell layer of osteoblasts 
was signifi cantly increased in cultures infected with pBABE-OA 
when compared to control cultures infected with pBABE-EV or 
untreated control (NoTx). Bars represent mean + SEM of three 
independent experiments. **p < 0.01, when compared to either NoTx 
or pBABE-EV. ***p < 0.001 when compared to pBABE-EV.
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showed that the OA protein was strictly localized to the peri-
nuclear cytoplasmic regions, in contrast to wild type osteo-
blasts where OA is also found in punctuated vesicle-like 
structures localized toward the peripheral cytoplasmic com-
partment (Figure 9B). These data suggest that the OA pro-
tein is not processed normally and is retained within the ER/
Golgi in OA mutant osteoblasts. We next examined OA 
mutant osteoblasts for their ability to differentiate ex vivo. 
Bone marrow stromal cells were isolated from OA mutant 
and wild-type new born mice and cultured for 14 and 21 
days. ALP activity and calcium deposition were measured as 
markers of early and late osteoblast differentiation and func-
tion, respectively. Both ALP activity and calcium deposition 
were dramatically reduced in OA mutant compared to wild-
type osteoblasts (Figure 9C and D). These data suggest that 
OA acts as positive regulator of osteoblastogenesis ex vivo 
and that absence of OA causes a cell autonomous defect in 
osteoblast differentiation and function.

Discussion

In the present study, we demonstrated that OA protein is 
expressed and secreted by osteoblasts in vitro. We also 
showed that osteoblasts expressed both the immature and 
mature/glycosylated isoforms of OA and that retinoic acid 
and tunicamycin can modulate the glycosylation of OA in 
osteoblasts and that osteoblasts secret the mature/glycosy-
lated isoform of OA. This isoform of OA plays a role in 
osteoblast differentiation and function. Osteoblasts express a 
mutant isoform of OA are defective in their differentiation 
ex vivo suggesting that OA has a positive cell autonomous 
effect on osteoblastogenesis in vivo.

Osteoactivin (OA) was initially identifi ed as a transmem-
brane type I glycoprotein nonmelanoma b (gpnmb) in low 
metastatic melanoma cell lines.4 OA was identifi ed by sev-
eral investigators in different species, mouse OA was identi-
fi ed in dendritic cells, termed cell heparan sulfate proteogly-
can integrin dependant ligand (DC-HIL). Human OA was 
identifi ed in hematopoietic cells, termed growth factor induc-
ible neurokinin (HGFIN). In bone, our group was the fi rst to 
identify OA1 in animal model of osteopetrosis. OA has not 
yet been designated to specifi c family of proteins; however, 
it has high homology to Pmel-17/gp100, a melanocytes spe-
cifi c protein46 and quail neuroretina, QNR-71 protein, all of 
which are type I transmembrane glycoprotein with secreted 
isoforms.40, 47

In this study, we characterized OA protein processing in 
osteoblasts and examined its role in osteoblast differentia-
tion and function using gain- and loss-of-function approaches. 
Data presented in this study showed that OA protein is 
expressed by primary osteoblasts in culture. The temporal 
pattern of OA expression during osteoblast differentiation in 
culture was examined and showed that OA expression was 
increased as osteoblast terminally differentiated. OA expres-
sion has been associated with differentiating cells of various 
types such as chondrocytes,48 denderitic cells,10 macro-
phages,34 myocytes,30 and osteoclasts (unpublished observa-
tions and personal communication with Dr. Mary Nakamura, 
University of California, San Francisco). Taken together, our 
data and others suggested that OA plays a role in cell 
differentiation.

Examination of OA protein sequence using different bio-
informatic resources revealed that OA protein is a type I 
transmembrane glycoprotein with a signal peptide, and three 
main domains, a long extracellular (luminal) domain (amino 
acid 23–500), short transmembrane domain (amino acids 
501–521) and the cytoplasmic domain (amino acids 
522–572). Previous reports suggest that the signal peptide 
sequence of other OA homology proteins such as; Pmel-17, 
determine their entry into the secretory pathway.49

Within the extracellular domain, there are three sub-
domains; the RGD domain, the polycystic kidney disease-
like domain (PKD) domain, and the proline rich repeat 
domain (PRRD). The RGD domain is only present in the 

Figure 9. Defective differentiation in OA mutant osteoblasts. 
(A) Schematic representation of the wild type OA (top) and the 
naturally occurring mutant OA (bottom) proteins. The mutant OA 
is generated by a premature stop codon mutation. (B) Immunofl uo-
rescent localization of OA in normal (wild-type) and OA mutant 
osteoblasts. Primary osteoblasts were isolated from normal and OA 
mutant mice and cultured for three days and stained with anti-OA 
antibody (OA-35) (red signal). Note the vesicular localization of 
OA in wild type osteoblasts in both perinuclear and peripheral area 
of the cytoplasm, while in OA mutant osteoblasts, OA is only local-
ized to the perinuclear areas. (C) Bone marrow stromal cells from 
normal and OA mutant mice were harvested as described in the 
method sections, cultured for 14 days and stained for alkaline phos-
phatase (ALP) activity. Photomicrographs of culture plate (Ca) or 
measurement of ALP activity (Cb). Mutant osteoblast cultures 
demonstrated a signifi cant decrease in ALP staining and activity 
compared to wild-type cultures. (D) Bone marrow stromal cells 
from normal and OA mutant mice were cultured for 28 days and 
stained with von Kossa for mineral deposition. Photomicrographs 
of phase contrast pictures (upper panel) (Da) or calcium measure-
ment (Db). Note lack of mineralization in cultures of mutant com-
pared to wild-type osteoblasts.
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N-terminus of moue and human but not in the rat OA. This 
domain has been shown to mediate the attachment of smooth 
blood vessels endothelial cell line (SVEC) via heparan sul-
fate proteoglycan-dependent mechanism.10 The PKD domain 
has an immunoglobulin-like folding structure.50 This domain 
is suggested to mediate protein-protein interaction and pro-
tein-carbohydrate interaction.51 The PRR domain has been 
linked to O-linked glycans of Pmel-17 and the formation of 
melanocyte organelle fi bers.37 To date, there is no studies 
been reported on the functions of different domains of OA in 
bone cells, however, recent studies using mutant OA lacking 
the PKD or the PRR domains and tagged to the IgG-Fc dem-
onstrated that the PDK domain with lesser extent, the PRR 
domain, are required for the inhibitory effect of OA, on T 
cell activation.9

The transmembrane domain of OA again has no clear 
function and yet to be determined by our group in osteo-
blasts, however, it seems that it plays a role in anchoring OA 
protein within the membrane. It is interesting however; that 
the cytoplasmic domain of OA consists of RGD domain only 
in the mouse and rat sequence, and the C-terminal domain 
also contains di-leucine motif in all species examined. This 
sequence has been reported to be important for protein sort-
ing of the rough endoplasmic reticulum, in two high homol-
ogy proteins to OA, Pmel-17 and QNR-71 and several other 
proteins.38, 40, 52, 53

Studying the subcellular localization of OA and its pro-
cessing will shed some light on its mechanism of action on 
bone cells. For this purpose, our cell fractionation results 
clearly showed that OA has two isoforms in bone cells. Both 
protein isoforms are made within the cytosol and only the 
mature isoform is localized to the membranous fraction. It is 
important to note that this fraction not only includes the 
plasma membrane but also all membrane proteins within dif-
ferent cellular compartments. We also presented immuno-
fl uorescent data where EGFP-tagged-OA in osteoblasts, 
these data suggested that the protein is made, and localized 
in vesicular-, endosomallike structures within the fi rst 24 
hours of expression, then; the protein moves toward the 
periphery and either anchored itself to the plasma membrane 
or become secreted. Similar to our results, Shikano et al., 
showed that in denderitic cells, OA is localized to vesicles-
like structures perinuclear as well as small vesicles scattered 
toward the periphery and present at low levels on the cell 
surface.10 Another study showed that subcellular localization 
of EGFP-tagged OA transfected into COS7 and HEK293 
cells. OA was localized to vesicular, endosomal-like struc-
tures and this localization was dispersed into the ER when 
the Golgi network was disrupted with BFA treatment. Brefel-
din A (BFA) is a fungal metabolite that blocks cytosolic coat 
protein complex (COP) function within Golgi compart-
ment.54, 55 Additional supporting evidence on OA subcellular 
localization came from the co-localization of OA with 
�-COP, cytosolic coat protein complex, a protein that is 
associated with membranous structure of the Golgi com-

plex.56–58 Subcellular localization of Pmel-17 in melanocytes 
is extensively studied by different groups.38, 59–61 Pmel-17 
accumulates in both multivesicular bodies (MVB) and in 
early endosomal like organelles involved in protein sorting 
to the endocytic and secretory pathways, respectively. Our 
group is in the process of characterizing in details the subcel-
lular localization of OA and its relationship to osteoblast 
function.

OA protein synthesis and stability in osteoblasts were also 
examined in this study using the pulse chase approach and 
found that OA protein is synthesized within the fi rst 5 min-
utes of chasing and both isoforms (immature and mature) are 
present after 30 minutes. Within an hour of chasing, most of 
the newly synthesized protein was decreased and only after 
2 hours, some of the protein was secreted. These data sug-
gested that the half life of OA protein in osteoblasts is short, 
thus, suggesting that the protein is unstable. Unlike OA, in 
melanocytes, pulse chase studies showed that Pmel-17 is 
more stable at least for the fi rst 4 hours (see below for pos-
sible explanations).

In this study, we also found that OA protein is heavily 
glycosylated by N-linked and Olinked glycans and that the 
secreted isoform of OA is the glycosylated/mature isoform 
of the protein. The fact that treatment of osteoblastic pro-
teins with different enzymes that modulate the N-and O- gly-
cans of OA did not trim all of the sugar modifi cations of the 
protein, i.e. we were unable to reduce the MW of OA protein 
to its native (65kDa) size. This is could be due to the time 
and or the amount of enzymes used in this study. Different 
patterns of OA glycosylation were suggested based on the 
cell type examined. Shikano et al., showed discrepancies in 
the molecular weight of mouse OA between its native size in 
XS52 denderitic cells and its recombinant form expressed in 
COS-1 cells and suggested that this heterogeneity in OA 
proteins may be produced as a result of differential N- and/
or O-glycosylation.10 Similar observations are recently 
reported using the same de-glycosylation enzymes to modu-
late the sugar modifi cations of Pmel-17 in melanocytes.35 
The same group reported that Pmel-17 is glycosylated dif-
ferently in the Golgi and sorted through the secretory path-
way. Using glycosylation-defi cient mutant cells revealed 
that Pmel-17 lacking the correct addition of sialic acid and 
galactose loses the ability to from fi brils, a critical compo-
nent of melanin biosynthesis.35

We went further to examine the regulation of the N-glycan 
modifi cation of OA protein in osteoblasts and found that 
retinoic acid (RA), and tunicamycin (TM), treatments stimu-
lates Nmannose incorporation and inhibits N-glycans of OA, 
respectively. RA has been reported to affect protein glycosy-
lation in vitro62 and in vivo.63, 64 It has also been reported that 
changes in cell surface sugar molecules as well as the activi-
ties of specifi c glycosyltransferases are altered during RA-
mediated differentiation of F9 cells.65–67 In this study, we 
showed that treatment of primary osteoblasts with RA 
increases the glycosylation of the mature isoform of OA and 
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this treatment was associated with increased osteoblast dif-
ferentiation and function marked by increased ALP activity 
and matrix mineralization (data not shown). Tunicamycin on 
the other hand, inhibited the glycosylation of the mature OA 
isoform and this treatment was also correlated with decreased 
osteoblast differentiation and function, demonstrated by dra-
matic reduction of differentiation markers such as; ALP 
activity and calcium deposition (data not shown). Collec-
tively, these results probably refl ect an overall modulation of 
osteoblast differentiation and function due to modulation of 
OA glycosylation. However, we can not exclude the possi-
bility that other glycoproteins in osteoblasts such as, ALP 
and bone morphogenetic proteins,43, 68 may also be modifi ed 
by the treatment with RA and TM.

The role of RA in mediating protein glycosylation and 
function has been previously reported, where oligosaccha-
ride chains of fi bronectin have decreased uptake of sugars 
from vitamin A defi cient hepatocytes, was observed and this 
decrease was reversed by adding RA at physiological 
concentration.63

The role of the secreted, glycosylated isoform of OA in 
osteoblast differentiation was evident by the effect of anti-
OA antibody treatment in osteoblast cultures. Treatment 
with anti-OA antibody (OA-551) neutralizes the constitu-
tively produced OA by osteoblasts and showed a dramatic 
decrease in markers of osteoblast differentiation and func-
tion in a dose-dependent manner. Recent studies by our labo-
ratory also showed that transfection of OA-551 into osteo-
blasts signifi cantly reduced osteoblast differentiation and 
function.20 It is important to note that OA-551 antibody was 
raised against a sequence that spans the sorting signal in the 
cterminal domain of OA. This suggests that the antibody 
blocks the sorting, processing and secretion of OA by osteo-
blasts and ultimately inhibits osteoblast differentiation and 
function.

Glycosylation of protein has major effect on its biological 
activity,69 such as in case of BMP-1. BMP-1 is a glycosy-
lated metalloproteinase that is important for the synthesis of 
a normal extracellular matrix because it cleaves type I pro-
collagen as well as other precursor proteins. Recombinant 
BMP-1 molecules lacking all N-linked glycosylation sites 
were not secreted in the media suggesting that glycosylation 
of BMP-1 is important for secretion and stability of the 
protein.68

In addition, it has been shown that treatment of mamma-
lian heart and skeletal muscle cells with RA causes time and 
concentration dependant increase of the specifi c activity of 
alkaline phosphatase through glycosylation of ALP protein 
which is important for its insertion into the plasma mem-
brane and so its function.70 When TM was used to inhibit 
protein Nglycosylation, ALP activity was declined.43

Carbohydrate chains of glycoprotein modulate a wide 
range of cellular events, including development and differ-
entiation.71 The strength of integrin binding that mediate cell 
adhesion, migration and differentiation to defi ned peptide 

sequence was dependant on the status of glycosylation of 
integrin proteins.72 Also, Adhesion of NIH3T3 cells to 
fi bronectin was increased in the presence of RA that cause 
alteration in the amounts and types of oligosaccharides of 
the glycoprotein on the cell surface.73

The effect of OA-551 treatment on osteoblast differentia-
tion was supported by the effect of gain-of-function of OA in 
osteoblasts. Over-expression of OA stimulated markers of 
osteoblast-differentiation and function. These data suggest 
that OA has a crucial function in the regulation of osteoblast 
differentiation.

The role of OA in osteoblast differentiation and function 
in vivo was further investigated using a mouse model with a 
natural mutation in the OA gene causing a premature stop 
codon that results in the generation of a truncated OA pro-
tein.7, 8, 32, 33 These mice develop an eye phenotype with iris 
pigmentary dispersion (IPD) and iris stromal atrophy (ISA) 
(see below for other phenotypes). They also have increased 
macrophage function.34 In this study we examined the ability 
of bone marrow stromal cells isolated from OA mutant mice 
to differentiate into osteoblasts. We found that osteoblast dif-
ferentiation was impaired in OA mutant compared to wild-
type mice. These data suggest that OA acts as a positive 
regulator of osteoblastogenesis in vivo. Further characteriza-
tion of the skeletal phenotype of these mice warrants further 
investigations. The fact that mutant OA mice produce trun-
cated OA protein that is lacking most of the structural 
domains suggested that the truncated OA is retained within 
the endoplasmic reticulum (ER) resulting in defective pro-
tein processing, glycosylation, traffi cking, and secretion in 
osteoblasts. Increased traffi cking of OA to lysosomes and/or 
proteasomal degradation could also be occurring in OA 
mutant osteoblasts. However, these speculations require fur-
ther investigation. Similar fi ndings were demonstrated in the 
mouse sliver mutant where Pmel-17, a family member to 
OA, is truncated at the C-terminal domain, leading to protein 
retention in the ER and defective protein processing, glyco-
sylation, traffi cking and function in melanocytes resulting in 
a defective coat color and depletion of hair follicle melano-
cytes with age.74, 75 Another example has been reported for 
the human Crouzon craniosynostosis syndrome involving 
aberrant development of the craniofacial skeleton,76 is asso-
ciated with an FGFR2 mutation that results in ER retention, 
diminished glycosylation and increased degradation in 
osteoblasts.77

OA protein has maximal expression during last stage of 
osteoblast differentiation (Figure 3) and using anti-OA anti-
body (Ab-551) in vitro showed inhibition of osteoblast dif-
ferentiation and function.20 This stage is important during 
normal bone growth and during fracture repair process where 
osteoblasts are responsible for the production of new bone 
matrix proteins during bone remodeling.78

The mechanism by which OA regulates osteoblast differ-
entiation and function could be direct by regulating specifi c 
signaling pathways that stimulate the regulation of osteo-
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blast differentiation and function. Another possibility of the 
effect of OA on osteoblasts could be explained by the recent 
study reported by our group where OA acts as a downstream 
mediator of BMP-2 effects in osteoblasts. Loss-of-function 
or gain-of-function of OA could either decrease or enhance 
the function of endogenous BMP-2 produced by osteoblasts, 
receptively.23

Collectively, in this study we showed that OA acts as ana-
bolic factors where it regulates osteoblast differentiation and 
function in vitro. Further studies are warranted to determined 
the mechanism by which OA regulate osteoblast differentia-
tion and bone formation.

Identifi cation of such bone anabolic agents that have 
potential therapeutic applications would be benefi cial for 
local (as in fracture repair or localized osteopenia) and/or 
systemic diseases (as in generalized osteoporosis).
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Conclusion: The results of neurocognitive testing indi-
cate that concussed collegiate athletes with a previous 
history of two or more concussions took longer to recover 
on verbal memory and reaction time than athletes without 
a previous history of concussion. 
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Introduction

Sports-related concussion continues to warrant attention 
from sports medicine professionals. There are approximately 
300,000 sport-related concussions reported each year.1 An 
athlete who has suffered a concussion is at a three to six 
times greater risk for suffering a second concussion.2–5 Long-
term neurocognitive impairments are rarely associated with 
a single concussion, however multiple concussions have 
shown detrimental effects on athletes participating in box-
ing,6 men’s ice hockey,7 and men’s soccer.8 Research fi nd-
ings on the cumulative effect of multiple concussions are 
equivocal with respect to signifi cant lingering effects after 
injury. Furthermore, the majority of research on multiple 
concussions has been retrospective, using post-test only 
designs. 

Several researchers have suggested that the cumulative 
effects of repeated concussions can have long-term conse-
quences.5, 9–13 Specifi cally, Guskiewicz et al.9 found that an 
onset of dementia related symptoms may be a result of repet-
itive concussions in professional football players. In another 
study by Guskiewicz et al.,5 collegiate football players with 
a history of three or more concussions were at a three times 
greater risk for suffering another concussion compared to 
athletes with no prior history of concussion. The proposed 
lingering or lasting effects from concussion have also been 
found in high school populations.13 Iverson et al.13 reported 
that high school athletes with a history of three or more con-
cussions presented more symptoms and a signifi cantly lower 
memory performance on neurocognitive testing at baseline 
than athletes with no previous history of concussion. In addi-
tion, Moser et al.12 found that high school athletes with a 
history of two or more concussions demonstrated similar 

Abstract

Context: Athletes who participate in sports are at an 
inherent risk for sustaining concussions. Research exam-
ining the long-term consequences of sport-related con-
cussion has been inconsistent in demonstrating lingering 
neurocognitive decrements that may be associated with a 
previous history of concussion. 

Objective: To determine the relationship between 
 concussion history and post-concussion neurocognitive 
performance and symptoms in collegiate athletes.

Design: A repeated measures design.
Setting: Multicenter analysis of collegiate athletes. 
Patients or Other Participants: Fifty-seven concussed 

collegiate athletes (36 no history of concussion, 21 his-
tory of two or more concussions).

Interventions: The intervention consisted of a baseline 
neurocognitive test. Subjects who sustained a concussion 
were administered two follow-up tests at Day 1 and Day 
5 post-injury. The independent variables were history of 
concussion (no history of concussion, two or more con-
cussions) and time (baseline, Day 1 post-concussion, Day 
5 post-concussion).

Main Outcome Measure(s): All subjects were admin-
ister an Immediate Post-Concussion Assessment and 
Cognitive Testing (ImPACT) neurocognitive test battery 
which measured verbal memory, visual memory, reaction 
time, visual processing speed, and 22 concussion symp-
tom inventory.

Results: Results revealed a signifi cant within-subjects 
effect (time) on ImPACT performance (p < .001), a 
between-subjects multivariate effect of group (p < .001), 
and a signifi cant group-by-time interaction (p = .034). 
Athletes with a previous history of concussion performed 
signifi cantly worse on verbal memory (p = .01) and 
reaction time (p = .023) when compared to athletes who 
did not report a previous concussion at Day 5 post-
concussion. There were no signifi cant group differences 
at Day 5 post-injury on visual memory (p = .167), pro-
cessing speed (p = .179), and total concussion symptoms 
(p = .87). 
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cognitive performance when compared to high school ath-
letes who had sustained a concussion in the past week. These 
results suggest that prior history of concussion may be asso-
ciated with a prolonged recovery following subsequent con-
cussions. Furthermore, these fi ndings are consistent with 
previous research that suggest athletes with a history of three 
or more concussions showed decreased memory perfor-
mance,2 a greater number of post-concussion symptoms dur-
ing baseline testing,14 and three or four on-fi eld markers.15 

Several research efforts have examined the possible lin-
gering effects of multiple concussions using subjects of dif-
ferent ages (i.e., high school and college) and the number of 
previous head injuries that have included one, two, or three 
concussions.5, 12, 13 Wall et al.16 examined cognitive perfor-
mance in jockeys with a previous history of concussion com-
pared to those with no previous history of concussion. After 
a three-month recovery period, jockeys with a history of sus-
taining concussions performed worse than their counterparts 
with no history of previous concussion on neurocognitive 
testing. In addition, younger jockeys with a history of con-
cussion exhibited lower neurocognitive performance com-
pared to older jockeys. This suggests that having a history of 
concussion may place an athlete at risk for developing long-
term sequelae associated with post-concussion syndrome, 
and that younger athletes may be more vulnerable to long-
term effects.

While the majority of current research demonstrates detri-
mental outcomes in athletes who have a prior history of con-
cussion, there have also been studies that have demonstrated 
opposite fi ndings. Iverson et al.17 found that high school ath-
letes with a history of two or more concussions demonstrated 
similar performance on processing speed and attention when 
compared to recently concussed athletes (i.e., within one 
week of injury). The researchers reported there were no sig-
nifi cant effects for either of the groups across verbal mem-
ory, visual memory, reaction time, processing speed, and 
post-concussion symptom totals. Brogilo et al.18 examined 
baseline computerized neurocognitive performance of col-
legiate athletes with a history of zero, one, two, or three pre-
vious concussions. This study reported no between-group 
differences on computerized neurocognitive test perfor-
mance, which contrasts with previous research that suggests 
there may be lingering cognitive defi cits from previous con-
cussion.5, 9–13, 19 However, Broglio et al.18 did not examine the 
infl uence of concussion history on neurocognitive perfor-
mance immediately following a concussion. 

There is considerable debate among sports medicine pro-
fessionals regarding diagnosis of and safe return-to-play 
guidelines following a concussion. To support the on-fi eld 
diagnoses, computerized neurocognitive testing has become 
widely utilized as an objective method for determining subtle 
cognitive changes associated with post-concussion ath-
letes.20, 21 Although normative data exists for using neurocog-
nitive testing without a baseline, it is highly recommended 
that baseline testing is administered in order for athletes to 

serve as their own control to be used for comparing baseline 
and post-concussion data.20 

The majority of researchers examining the effect of history 
on concussion have limited their scope to football players2, 3 
and/or high school athletes.2, 13 Furthermore, few studies 
have been conducted that examine neurocognitive defi cits in 
athletes with a history of two or more concussions, or in 
 collegiate athletes from a variety of sports. Therefore, the 
purpose of the present study was to investigate whether 
 concussed collegiate athletes with a history of two or more 
concussions demonstrate neurocognitive impairments when 
compared to concussed athletes with no previous history of 
concussion. 

Methods

A repeated measures design was used to compare baseline 
and post-concussion neurocognitive scores and post-concus-
sion symptoms. The independent variables were history of 
concussion (no history of concussion, two or more concus-
sions) and time (baseline, Day 1 post-concussion, Day 5 
post-concussion). The dependent variables were verbal mem-
ory, visual memory, reaction time, visual processing speed, 
and individual and total concussion related symptoms.

Subjects 

Participants comprising the sample were collegiate ath-
letes from fi ve northeastern universities participating in 
men’s and women’s basketball, soccer, lacrosse, and men’s 
baseball, football, wrestling, and women’s gymnastics, soft-
ball, volleyball, and cheerleading. The athletes selected for 
this study were practicing and competing during the 
2002–2003 and 2003–2004 academic season. A total of 57 
athletes sustained a concussion during the 2-year study (see 
Table 1). There were 36 athletes in the control group (20.55 
± 1.54 years, 167.41 ± 7.49 cm, 76.8 ± 16.17 kg.) and 21 
who had a history of two or more concussions (21.10 ± 1.69 
years, 169.19 ± 8.10 cm, 75.43 ± 11.02 kg.). Athletes with a 
history of one concussion were excluded from this study due 
to a small sample size of adequate data. 

Table 1. Sport by Sex Information on Previous History 
of Concussions (N = 57)

Sport
No Previous
Concussion

Two or More
Previous Concussions

Women’s Soccer 4 2
Men’s Soccer 3 3
Women’s Basketball 4 2
Men’s Basketball 2 2
Women’s Gymnastics 3 2
Women’s Lacrosse 2 0
Men’s Lacrosse 3 2
Football 5 4
Wrestling 3 2
Women’s Volleyball 1 1
Baseball 1 1
Cheerleading 3 0
Softball 2 0
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Instrumentation

The Quality Standards Subcommittee of the American 
Academy of Neurology (AAN) describes a cerebral concus-
sion as an altered mental state that may or may not include 
loss of consciousness.22 In this study, the AAN Grading scale 
criterion was used by physicians and certifi ed athletic train-
ers to assess athletes who suffered a concussion.

 The Immediate Post-Concussion Assessment Cognitive 
Testing (ImPACT) version 2.0 (NeuroHealth System, LLC, 
Pittsburgh, PA) computer software program was used to 
assess neurocognitive function and concussion symptoms in 
this study. This program consists of six neurocognitive tests 
that evaluate attention, verbal recognition memory, visual 
working memory, visual processing speed, reaction time, 
numerical sequencing ability, and learning. These six neu-
rocognitive tests yield four “composite” scores in the areas 
of verbal memory, visual memory, reaction time, and pro-
cessing speed. Using reliable change indices, repeated 
administrations over a 2-week period revealed no practice 
effects.23 In another study, Iverson et al.24 reported one-week 
test-retest reliability coeffi cients as follows: 0.70 for verbal 
memory, 0.67 for visual memory, 0.79 for reaction time, and 
0.86 for processing speed; within-subject comparisons 
revealed signifi cant test-retest differences for only the pro-
cessing speed composite scores. Schatz and colleagues25 
documented a combined sensitivity of 81.9% for ImPACT 
indices and total symptom score, and a specifi city of 89.4%; 
positive likelihood ratio was approximately 8:1 and negative 
likelihood ratio was 2:1.25 

Testing Procedures

Approval for the study and use of human subjects was 
granted from each participating university’s Institutional 
Review Board. Likewise, permission was obtained from all 
team physicians, athletic directors, athletes, and certifi ed 
athletic trainers at each participating institution. Each athlete 
was explained all test procedures and then completed the 
ImPACT neurocognitive test battery in a computer labora-
tory at their own university during preseason for baseline, 
Day 1 post-concussion, and Days 5 post-concussion.

Data Analysis

 The ImPACT yields composite scores for verbal memory, 
visual memory, visual processing speed, and reaction time. 
A higher score by the athlete on verbal and visual memory, 
and processing speed indicates better performance. Verbal 
and visual memory scores are presented as a percentage of 
100 and processing speed as a number composite score. A 
lower score on reaction time indicates better performance. 
The ImPACT also yields individual scores for concussion 
symptoms. Athletes were required to indicate if they were 
experiencing any of the 22 concussion symptoms at the times 
of their post-concussion testing. Concussion symptoms were 
rated on a 6-point Likert scale, with zero indicating not expe-

riencing and fi ve indicating severe. The scores are also 
summed to refl ect a total symptom score. 

A Chi-Square using Fisher’s Exact Test was performed on 
concussion severity by history of concussion. A 3x2 mixed-
factoral design MANOVA was conducted with time (base-
line, one day, fi ve days) and group (no history of concussion, 
two or more concussions) as the factors and the ImPACT 
indices as the dependent variables. A MANOVA was con-
ducted on all concussion symptoms across days and groups. 
The statistical signifi cance level was set at P ≤ .05 for ImPACT 
indices and concussion symptoms. All analyses were con-
ducted using SPSS version 15.1 (SPSS Inc, Chicago, IL).

Results

A total of 57 athletes sustained a concussion during the 
two-year study. On average all athletes were post-tested 1.2 
days and 5.1 days after sustaining a concussion. Of the 36 
concussed athletes who reported no previous history of con-
cussion, 29 suffered a Grade I, four had a Grade II, and three 
sustained a Grade III concussion. The group of previously 
concussed athletes (i.e., history of concussion) included 15 
athletes who sustained a Grade I, one athlete sustained a 
Grade II, and fi ve athletes that sustained a Grade III concus-
sion. A Chi-Square using Fisher’s Exact Test revealed that 
athletes with a history of concussion did not have a greater 
likelihood of sustaining a more severe concussion (i.e., 
Grade II or III concussion) compared to a Grade I concus-
sion (X2

(2) = 5.02; p = 1.0). In terms of on-fi eld markers, fi ve 
athletes with a history of two or more concussions (23.8%) 
and three athletes with no prior history of concussion (8.3%) 
suffered loss of consciousness. Six athletes with a history of 
two or more concussions (28.6%) and four athletes with no 
prior history of concussion (11.1%) reported both retrograde 
and anterograde amnesia following injury. 

There was no violation to the assumption of covariance 
matrix homogeneity in the data (M = 96.47, F(78,5675.08) = .911, 
p = .698). Wilks’ Lambda revealed a multivariate within-
subjects effect (time) on ImPACT performance (� = .559, 
F(2,54) = 4.73; p < .001). Wilks’ Lambda indicated a between-
subjects multivariate effect of group (� = .709, F(1,55) = 5.35; 
p < .001), and a signifi cant group-by-time interaction (� = 
.720, F(2,54) = 2.33; p = .034). 

Univariate post-hoc analyses were conducted at Day 1 and 
Day 5 post-concussion to determine between group differ-
ences on neurocognitive function. Results revealed no sig-
nifi cant differences between the two concussion groups one 
day after incurring a concussion (p = .34). However, there 
were signifi cant differences at Day 5 post-concussion 
between the two groups. More specifi cally, athletes with a 
history of two or more concussions demonstrated a signifi -
cantly lower verbal memory score (p = .01) and slower reac-
tion time (p = .023) when compared to athletes who did not 
have a history of concussion (see Table 2). Results did not 
indicate any signifi cant group differences at Day 5 post-
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Within group comparisons for athletes with a history of 
two or more concussions revealed signifi cantly worse verbal 
memory (p = .002), visual memory (p < .001), processing 
speed (p = .001), and reaction time (p < .001) one day post-
injury compared to their baseline scores. Similarly, within 
group comparisons for athletes who did not report a previous 
history of concussion revealed signifi cantly lower scores for 
verbal memory (p = .01), visual memory (p < .001), process-
ing speed (p < .001), and reaction time (p < .001) at Day 1 
following a concussion compared to their baseline scores. 
All athletes with a previous history of concussion signifi -
cantly improved by Day 5 post-injury compared to Day 1 
post-injury on verbal memory (p = .001), visual memory 
(p < .001), processing speed (p < .001), and reaction time 
(p < .001). All athletes with no previous history of concus-
sion signifi cantly improved at Day 5 post-injury compared 
to Day 1 post injury for verbal memory (p = .002), visual 
memory (p < .001), processing speed (p < .001), and reac-
tion time (p < .001). In addition, all athletes in both groups 
signifi cantly improved back to their baseline scores at Day 5 
post-concussion in all ImPACT measures and total concus-
sion symptoms. 

Table 3 contains the means and standard deviations of all 
22 concussion symptoms at baseline, Day 1 post-test, and 
Day 5 post-test. Multivariate assessment of symptoms across 
days and groups revealed no signifi cant differences between 
the groups (� = .636, F(1,55) = .886; p = .622), within-
subjects effect (time) (� = .157, F(2,54) = 1.63; p = .171), 

or group-by-time interaction (� = .224, F(2,54) = 1.046; 
p = .493). 

Reliable Change Indices (RCI) were calculated to deter-
mine clinically signifi cant decreases at Day 1 and Day 5. 
The use of RCI’s are well documented and a discussion of 
application and implementation of RCI’s using ImPACT was 
recently published by Iverson and colleagues.23 At Day 1 
post-injury, 81% of athletes with a history of concussion had 
at least one reliable decline in reaction time (n = 17), 57% in 
processing speed (n = 12), 52% in verbal memory (n = 11), 
and 48% in visual memory (n = 10). At Day 1 post-injury, 
56% of athletes with no history of concussion had at least 
one reliable decline in processing speed (n = 20), 50% in 
reaction time (n = 18), 44% in visual memory (n = 16), and 
39% in verbal memory (n = 14). At Day 5, 57% of athletes 
with a history of concussion had at least one reliable decline 
in both reaction time (n = 12) and verbal memory (n = 12), 
48% in processing speed (n = 10), and 29% in visual mem-
ory (n = 6). At Day 5, 31% of athletes with no history of 
concussion had at least one reliable decline in processing 
speed (n = 11), 22% in visual memory (n = 8), 14% in reac-
tion time (n = 5), and 11% in verbal memory (n = 4).

Discussion

While research continues to examine how history of con-
cussion relates to lasting neurocognitive effects, the current 
study adds evidence that indicates there may be areas of con-
cern regarding recovery and neurocognitive performance. 
The purpose of this study was to examine the potential 
effects that history of concussion may have on recovery in 
concussed collegiate athletes. The overall fi ndings of this 
study suggest that collegiate athletes who report a history of 
concussion may take longer to recover following concussion 
on neurocognitive measures of verbal memory and reaction 
time when compared to athletes with no history of concus-
sion. More specifi cally, athletes with a history of concussion 
were signifi cantly impaired in verbal memory and reaction 
time at Day 5 post-concussion when compared to their base-
line. In addition, RCI’s were calculated to determine clinical 
interpretation of change in neurocognitive performance. A 
larger percentage of athletes with a history of concussion 
were found to have at least one reliable decline in reaction 
time and verbal memory compared to athletes with no previ-
ous history of concussion at Day 5 post-injury. 

These fi ndings add to the literature that suggests that there 
may be neurocognitive defi cits in athletes who report a his-
tory of concussion.13 In a study examining collegiate football 
players, Guskiewicz et al.5 indicated that a history of three of 
more concussions may place an athlete at a higher risk of 
incurring a concussion in the same season. Furthermore, 
Guskiewicz et al.5 suggest that athletes with multiple con-
cussions may take longer to recover from subsequent con-
cussions. Iverson et al.13 found that athletes with a history of 
concussion exhibited a signifi cant decrease in memory, and 

Table 2. ImPACT Scores Comparing Baseline to Five Days 
Post-Concussion for Athletes with No Previous History 
of Concussion and Athletes with Two or More Previous 

 Concussions (n = 57)

ImPACT Index
No Previous 
Concussion

2 or More
Previous Concussions P

Verbal Memory
 Baseline  .87 (.10) .89 (.10)
 Day 1  .80 (.11) .81 (.09)
 Day 5  .88 (.08) .81 (.09) .01*

Reaction Time
 Baseline  .53 (.06) .53 (.07)
 Day 1  .60 (.05) .63 (.08)
 Day 5  .52 (.06) .60 (.07) .023*

Visual Memory  
 Baseline  .78 (.12) .74 (.13) 
 Day 1  .64 (.11) .71 (.12)
 Day 5  .74 (.13) .72 (.11) .167

Processing Speed
 Baseline 39.86 (5.82) 39.50 (6.97)
 Day 1 32.37 (7.96) 33.29 (6.32)
 Day 5 37.64 (7.03) 37.26 (7.00) .179

*Signifi cant at the .05 level for between groups at fi ve days post-concussion.

injury on visual memory (p = .167) and processing speed 
(p = .179). 
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Table 3. All Concussion Symptoms by History of Concussion (n = 57)

Symptom History of Concussion Mean (SD) Baseline Mean (SD) Day 1 Mean (SD) Day 5

Headache No Previous .67 (1.06) 1.86 (1.6) 1.25 (.72)
2 or More .62 (.87) 2.56 (1.4) 1.73 (1.01)

Nausea No Previous .31 (.82) .71(.85) .03 (.67)
2 or More 0 (0) 1.11(1.2) .05 (.78)

Vomit No Previous 0 (0) .05 (.21) .25 (.84)
2 or More 0 (0) .28(.66) .83 (1.04)

Balance Problems No Previous 0 (0) .85 (1.25) .25 (.55)
2 or More .11 (.40) 1.28 (1.5) .10 (.43)

Dizziness No Previous .14 (.35) 1.19 (1.40)  .29 (.72)
2 or More .25 (.64) 1.75 (1.46) .39 (.80)

Fatigue No Previous 1.14 (1.5) 1.75 (1.79) .65 (.90)
2 or More .81 (1.25) 2.19 (1.78) .95 (.71)

Trouble Falling Asleep No Previous .72 (1.1) .97 (1.6) .15 (.62)
2 or More .43 (1.03) .57 (1.3) .56 (.74)

Sleeping More than Usual No Previous .28 (.74) .91 (1.6) .61 (.59)
2 or More .38 (.86) .57 (1.03) .47 (.32)

Sleeping Less than Usual No Previous .05 (.21) .81 (1.6) .10 (.41)
2 or More .56 (.97) .57 (1.39) .16 (.32)

Drowsiness No Previous .69 (1.14)  1.94 (1.7) .63 (81)
2 or More .71 (1.10) 2.19 (2.1) .93 (.67)

Sensitive to Light No Previous .44 (.87) .67 (.85) .25 (.54)
2 or More .33 (.97) 1.78 (1.8) .10 (42)

Sensitive to Noise No Previous .19 (.75) .86 (1.4) .52 (.76)
2 or More .10 (.31) 1.31 (1.83) .78 (.65)

Irritability No Previous .44 (.88) 1.08 (1.66) .68 (.64)
2 or More .71 (1.3) 1.05 (1.68) .85 (.50)

Sadness No Previous .14 (1.02) .50 (.87) .15 (.60)
2 or More .39 (1.05) .43 (1.16) .33 (.69)

Nervousness No Previous .14 (.35) .75 (1.2) .09 (91)
2 or More .72 (1.34 .33 (.79) .12 (1.04)

Feeling More Emotional No Previous .53 (.97) .56 (1.13) .51 (.84)
2 or More .19 (.60) .52 (1.12) .72 (.75)

Numbness No Previous .25 (.94) .44 (1.05) .05 (.15)
2 or More 0 (0) .10 (.30) .07 (21)

Feeling Slowed Down No Previous .53 (.88) 2.03 (1.89) .41 (.34)
2 or More .38 (.97) 1.95 (1.94) .45 (.41)

Feeling Mentally Foggy No Previous .56 (.97) 2.06 (1.85) .39 (.80)
2 or More .29 (.90) 1.95 (1.66) .29 (.72)

Diffi culty Concentrating No Previous .24 (.70) 1.67 (1.56) .44 (.82)
2 or More .83 (1.2) 1.97 (1.89) .51 (1.03)

Diffi culty Remembering No Previous .50 (1.02) 1.29 (1.48) .35 (.59)
2 or More .24 (.77) 1.08 (1.42) .48 (.66)

Visual Problems No Previous .25 (.65) 1.11 (1.58) .09 (.26)
2 or More 0 (0) .67 (.97) .18 (.35)

Total Symptoms No Previous 10.38 (9.49) 22.08 (17.8) 6.40 (6.8)
2 or More 5.9 (7.67) 25.91 (21.05) 5.30 (7.0)

were more likely to demonstrate a major drop in memory 
performance than athletes with no previous concussion two 
days following injury. However, at fi ve-days post-injury, 
Iverson et al.13 found no differences in neurocognitive func-
tion between the two groups of athletes. These fi ndings dif-
fer from the current study’s results that report a difference in 
verbal memory and reaction time at Day 5 post-concussion 
between athletes who had a previous history of concussion 
and athletes with no previous history of concussion. 

Recent research has identifi ed an emerging pattern of neu-
rocognitive decrements that commonly occur in the days fol-
lowing a concussion. These impairments include visual-
motor reaction time, memory, and attention.26–28 The current 
study’s fi ndings of verbal memory and reaction time impair-
ments in athletes with a history of concussion at Day 5 post-
injury add to this emerging pattern. A possible explanation 
for these verbal memory and reaction time impairments in 
athletes with a history of concussion may be due to increased 
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glycolysis which leads to increased lactate production fol-
lowing a subsequent head injury.29 This increase in lactate 
production following brain injury may lead to secondary 
ischemic injury which may predispose the brain to repeat 
injury.30 Furthermore, animal studies have shown decreased 
cerebral blood fl ow up to 10 days following a concussion.31 
Although only shown in animal models, this decreased cere-
bral blood fl ow that results from incurring a concussion, may 
be a mechanism that predisposes athletes with a history of 
concussion to take longer to recovery and/or further injury. 
However, these results have not yet been tested in human 
models and need further investigation.

In contrast to fi ndings in the present study, Macciocchi 
et al.27 found no cumulative effects in athletes who sustained 
two Grade I concussions greater than two weeks apart. How-
ever, a low sample size (n = 24) may have limited their 
ability to obtain statistical signifi cance in their study. Collie 
et al.32 examined baseline neurocognitive performance in 
professional athletes with a previous history of concussion. 
No differences were found in cognitive function on measures 
of memory, motor function, decision making, attention, and 
learning. A similar study by Broglio and colleagues18 also 
reported no difference in baseline neurocognitive function in 
athletes with a previous history of concussion. However, 
these studies did not examine neurocognitive performance in 
athletes recovering from a concussion. 

Sports medicine professionals often rely on symptom 
reporting of the concussed athlete. A study by Gaetz et al.14 
reported that junior ice hockey players who had a history of 
three or more concussions demonstrate a greater number of 
post-concussion symptoms than those without a history of 
concussion. However, in this study, concussed athletes did 
not demonstrate differences between groups on concussion 
symptoms even though they were still exhibiting neurocog-
nitive impairments on reaction time and verbal memory. In a 
study by Kampen et al.,33 19% of athletes did not report con-
cussion symptoms, however, these concussed athletes did 
exhibit neurocognitive impairments two days post-injury. A 
possible explanation may be due to athletes trying to mini-
mize their symptoms so they can continue to participate in 
practice or competition. Another explanation may be due to 
athletes not being fully aware of their concussion symptoms, 
thus not reporting them to the certifi ed athletic trainer or 
team physician. Therefore, it is important that a concussed 
athlete not be returned to practice or competition until he or 
she is symptom free and returns to their baseline neurocog-
nitive test scores. Furthermore, these fi ndings concur with 
Kampen et al.33 that suggest neurocognitive testing is a valu-
able tool to use in conjunction with reported symptoms 
increasing the accuracy in making safe return-to-play 
decisions. 

The existing research that has examined the history of 
concussion and its infl uence on concussion outcomes have 
largely focused on football, soccer, and ice hockey. Our 
study examined athletes who incurred multiple concussions 

across a variety of collegiate sports including both male and 
female collegiate athletes. The majority of the sports played 
by both males and females had a fairly equal distribution of 
concussions between sexes. Unfortunately, statistical analy-
ses could not be conducted on sex due to insuffi cient sample 
size. Considering sex differences and concussion history 
may warrant future attention as females have been found to 
demonstrate more severe declines in measures of reaction 
time and more total symptoms following a concussion when 
compared to males.34 Therefore, future studies should com-
pare neurocognitive effects of multiple concussions between 
sports and between sexes. Further research is also needed on 
time of year of previous concussion and how sports medi-
cine professionals manage concussions in relation to the 
time the athlete suffered a concussion. 

There are certain limitations of the current study that 
should be addressed. First, concussion history data were 
self-reported. It was impossible to verify medical records to 
establish if a concussion was diagnosed by a physician. Sec-
ond, many concussions go unreported and unrecognized by 
certifi ed athletic trainers and physicians. Third, athletes self-
reported their concussion symptoms and may have been 
motivated to minimize or under-report their symptoms to 
continue sport participation. Therefore, sports medicine pro-
fessionals should continue with follow-up testing, and 
closely monitor those athletes still displaying neurocognitive 
impairments before returning them to the playing fi eld.35 
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ing open shoulder surgery in the repair of rotator cuff tears.
Prior to the common usage of arthroscopic repair on rota-

tor cuff tears, subscapularis tendon tears were not frequently 
found. The growing use of this procedure, however, has 
made these tears much more easily recognized by Ortho-
paedic Surgeons. Kim and McFarland found that 19% of 
their patients who underwent arthroscopic repair of the rota-
tor cuff had at least partial tears of the subscapularis tendon.8 
Another study by Bennett found that 27% of their patients 
had subscapularis tendon tears that were found through 
arthroscopy.2 As arthroscopy continues to increase the dis-
covery of subscapularis tendon tears, it is important to fur-
ther study these tears.

The subscapularis tendon can present with a wide variety 
of pathologies. Among these are isolated tears, partial-
thickness tears, anterosuperior tears with or without the 
involvement a supraspinatus tear, complete rotator cuff alvu-
sion and rotator interval lesions involving instability of the 
long head of the triceps.9 While non-surgical treatment can 
provide improvement, often times surgical intervention is 
needed. Open shoulder surgery has shown to have the poten-
tial of leading to atrophy and fatty infi ltration of the sub-
scapularis, thus leading to increased subscapularis dysfunc-
tion.11 It has also been found that arthroscopy does not violate 
the subscapularis musculotendinous unit and as a result does 
not compromise the muscle’s function or integrity.11 As a 
result, arthroscopy has shown to be a superior technique in 
repairing general rotator cuff repairs, as well as locating and 
repairing subscapularis tendon tears specifi cally. The goal of 
this study is to confi rm the overall clinical benefi ts of 
arthroscopic repair of the subscapularis tendon.

Materials and Methods

Demographics

Approval from the Institutional Review Board for a retro-
spective, prospective study was fi rst obtained. Between Jan-
uary 2004 and July 2006, the senior author (JDK IV) per-
formed 36 arthroscopic rotator cuff repairs that involved 
subscapularis tendon repairs. These patients had their charts, 
operative reports and arthroscopic pictures reviewed retro-
spectively. The data collected from these sources, which 
included the patient’s age, date of surgery, size of tear and 
other rotator cuff tears also found during surgery, was entered 

Abstract

Purpose: To study the results of arthroscopic repair of 
the subscapularis tendon.

Methods: A retrospective study was performed on 
patients who had undergone arthroscopic repair of the 
subscapularis tendon. Patients were evaluated with the 
UCLA Shoulder Assessment Score and American Shoul-
der & Elbow Surgeons (ASES) Shoulder Scale question-
naires. Bear-Hug, Lift-Off and Napoleon (belly-press) 
tests were also used in evaluation. Data was all used to 
determine clinical results of arthroscopic subscapularis 
tendon repair. Patients were evaluated at a minimum of 
one year post-op.

Results: Senior author performed thirty-six arthroscopic 
subscapularis tendon repairs between January 2004 and 
July 2006. Twenty-two patients were available for follow-
up. The pre-operative mean UCLA and ASES scores were 
9.0 and 7.9 respectively. The post-operative mean UCLA 
and ASES scores were 29.8 and 26.0 respectively. Fifteen 
of the twenty-two patients recorded post-operative UCLA 
scores that fell into the “good” or “excellent” range. All 
twenty-two patients recorded that they felt “satisfi ed and 
better” after the surgery. Ten of the twenty-two patients 
had perfect scores of 30 for the ASES scale. 

Conclusions: All patients recorded improvements in 
both the UCLA and ASES scales. Patients that undergo 
arthroscopic subscapularis tendon repair can have suc-
cessful outcomes at a minimum one year post-op.

Introduction

Arthroscopic repair of rotator cuff tears has been increas-
ing in popularity in recent years among Orthopaedic Sur-
geons. Among the reasons that this trend is occurring is due 
to several benefi ts involved with the minimal invasiveness of 
arthroscopy, including same day surgery and decreased 
recovery time. Arthroscopic rotator cuff repair also provides 
better pain relief, better post-operative mobility and higher 
patient satisfaction when compared to the previously used 
open shoulder surgery.3 Additionally, a majority of patients 
needing shoulder surgery would prefer to undergo arthro-
scopic repair as opposed to open shoulder repair.12 As a 
result, over the past two decades arthroscopy has been replac-
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into a database for analysis. The size of the tear was recorded 
as either fraying, half torn, largely torn or massively torn. 
This was based upon the discretionary recordings of the 
senior author (JDK IV) during the surgeries. Ages were 
recorded as at the time of the surgery. Patients were asked 
during the physical examination about the method and tim-
ing of their injury as well as which their dominant arm was. 
Injury methods that occurred slowly over time were recorded 
as “degenerative.” Post-operative times were calculated as 
the time between surgery and the physical examination. Of 
the 36 patients that had undergone arthroscopic rotator cuff 
repair, 22 were available for a follow up evaluation at a mini-
mum one year post-op. 

Questionnaires

Patients were fi rst asked to fi ll out the UCLA Shoulder 
Form (Table 1) and American Shoulder and Elbow Surgeons 
(ASES) Shoulder Score (Table 2). In the case of the ASES 
Shoulder Score, only the “ASES Patient Self-Evaluation: 
Activity of Daily Living Questionnaire” section was used. 
These scores underwent a data analysis to compare them to 
their corresponding pre-operative scores. The pre-operative 
scores for the UCLA Shoulder Form and ASES Shoulder 
Score were then compared to their respective post-operative 
scores.

Table 1. UCLA Shoulder Assessment Score

Pain
__1__Present all of the time and unbearable; strong medication frequently 
__2__Present all of the time but bearable: strong medication occasionally 
__4__ None or little at rest, present during light activities; salicylates 

frequently 
__6__ Present during heavy or particular activities only; salicylates 

occasionally 
__8__Occasional and slight 
__10_None 

Function
__1__Unable to use limb 
__2__Only light activities possible 
__4__Able to do light housework or most activities of daily living 
__6__ Most housework, shopping, and driving possible; able to do hair and 

dress and undress, including fastening brassiere 
__8__Slight restrictions only; able to work above shoulder level
__10_Normal activities 

Active Forward Flexion
__5__150° or more 
__4__120° to 149° 
__3__90° to 119° 
__2__45° to 89° 
__1__30° to 44° 
__0__Less than 30° 

Strength of Forward Flexion
__5__Grade 5 (normal) 
__4__Grade 4 (good) 
__3__Grade 3 (fair) 
__2__Grade 2 (poor) 
__1__Grade 1 (muscle contraction) 
__0__Grade 0 (nothing) 

Satisfaction of the patient (post-op only)
__5__Satisfi ed and better 
__0__Not satisfi ed and worse 

Excellent: 34–35  Good: 29–33  Poor: <29

Table 2. American Shoulder & Elbow Surgeons 
Scoring System

ASES Patient Self-Evaluation of Daily Living Questionnaire

0 = unable to do
1 = very diffi cult to do
2 = somewhat diffi cult
3 = not diffi cult

Activity

 1. Put on a coat 0  1  2  3
 2. Sleep on your painful or affected side 0  1  2  3
 3. Wash back or do up bra in back 0  1  2  3
 4. Manage toileting 0  1  2  3
 5. Comb hair 0  1  2  3 
 6. Reach a high shelf 0  1  2  3
 7. Lift 10 lbs above the shoulder 0  1  2  3
 8. Throw a ball overhand 0  1  2  3
 9. Do usual work 0  1  2  3
10. Do usual sport 0  1  2  3

Physical Examination

Patients then underwent a three point physical examina-
tion to determine the overall strength of the surgically 
repaired subscapularis muscle. The examinations were con-
ducted by the senior author (JDK IV). The fi rst part of this 
exam, the Bear-Hug Test, checks for small tears of the sub-
scapularis tendon. It consists of the patient putting their sur-
gically repaired extremity at 45 degrees of forward fl exion 
while placing their palm on the opposite shoulder. The phy-
sician then applies an external rotational force the patient’s 
wrist while the patient attempts to keep their initial position 
via resisted internal rotation. If the patient is unable to do 
this or shows weakness while attempting to do this, the test 
is then deemed as positive.1, 4 The second portion of the 
physical exam is the Napoleon Test (a.k.a. Belly-Press Test). 
In this test, the patient places the palm of the affected extrem-
ity immediately below the xiphoid process. The patient then 
presses their palm in against their abdomen while keeping 
their elbow in the coronal plane. The test is deemed positive 
if the patient shows the inability to keep their elbow in the 
coronal plane or if the patient shows compensatory wrist-
fl exion.6 The third and fi nal portion of the exam is the Lift-
Off Test. This test consists of the patient placing the dorsum 
of their surgically repaired extremity on the lower lumbar 
section of the back. The patient then attempts to actively life 
their hand off of their back. If the patient is unable to do this, 
the test is deemed positive.7

Results

UCLA shoulder scores improved from a pre-operative 
mean of 9.0 to a post-operative mean of 29.8. All 22 patients 
had a pre-operative score that fell into the “poor” category. 
Post-operatively, however, 14% of patients recorded “excel-
lent” scores, 55% recorded “good scores” and 32% recorded 
“poor” scores. 86% of patients recorded either occasional or 
no pain post-operatively. 73% recorded that they were able 
to resume normal function with slight or no restrictions. All 
patients could actively forward fl ex their surgically repaired 
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shoulder to at least 90°, with 86% able to actively fl ex to 
120° or more and 59% able to actively fl ex to 150° or more. 
23% reported poor or worse strength of forward fl exion, 
while 77% reported good or normal strength of forward fl ex-
ion. 14% of patients had perfect UCLA scores of 35. All 22 
patients had improvements in their UCLA scores and 
recorded that they were satisfi ed with the treatment and that 
their shoulder has improved.

ASES Scoring System scores improved from a pre-opera-
tive average of 7.9 to a post-operative average of 26.0. All 
patients had improvements in their ASES scores. Patients 
had the most trouble with washing their back, reaching a 
high shelf and lifting 10 lbs above their shoulder. Only 59% 
of patients recorded “not diffi cult” for each of these three 
categories. Patients had the least trouble with putting on a 
coat and managing toilet. 82% of patients recorded “not 

Table 3

Patient Age R/L Dom. Arm
Time Before 

Surgery
Post-Op 

Time
Method of 

Injury Tear Size Other Tears

1 53 R R 6 months 16 months Fall Massive None

2 38 R R 3 months 14 months Fall Large Supraspinatus, 
Infraspinatus

3 75 R R 24 months 25 months Fall Large Supraspinatus, 
Infraspinatus

4 59 R R 5 months 15 months Fall Large None

5 62 R R 24 months 17 months Degenerative Upper 1/2 None

6 67 R R 24 months 32 months Fall Upper 1/2 Supraspinatus, 
Infraspinatus

7 65 R R 24 months 27 months Degenerative Fraying None

8 62 R R 13 months 33 months Pulled Shoul. Large Supraspinatus, 
Infraspinatus

9 65 R L 12 months 22 months Throwing Upper 1/2 Supraspinatus

10 50 R R 1 month 12 months Fall Large None

11 59 L R 2 months 35 months Fall Upper 1/2 Supraspinatus, 
Infraspinatus

12 53 R R 2 months 15 months Fall Large Supraspinatus, 
Infraspinatus

13 59 L R 2 months 21 months Degenerative Fraying Supraspinatus

14 60 L R 4 months 12 months Lifting Fraying Supraspinatus, 
Infraspinatus

15 53 R L 1 month 38 months Fall Fraying Supraspinatus, 
Infraspinatus

16 54 R R 24 months 25 months Lifting Lower 1/2 Supraspinatus

17 75 R R 2 months 13 months Lifting Massive Supraspinatus, 
Infraspinatus

18 57 L L 4 months 24 months Reaching Up Upper 1/2 Supraspinatus

19 72 R R 6 months 21 months Dislocation Large Supraspinatus, 
Infraspinatus

20 55 R R 4 months 33 months Fall Upper 1/2 Supraspinatus

21 53 R R 3 months 42 months Fall Upper 1/2 Supraspinatus, 
Infraspinatus

22 75 R R 10 months 13 months Fall Massive Infraspinatus

 diffi cult” to putting on a coat, while the remaining 18% 
recorded “somewhat diffi cult.” 91% recorded “not diffi cult” 
to managing toilet, with 5% recording “somewhat diffi cult” 
and “very diffi cult” each. 45% of patients had perfect post-
operative ASES scores of 30. 

The Bear-Hug test was recorded as positive on just 9.1% 
of patients. The Napoleon test (Belly-Press test) was also 
recorded as positive on 9.1% of patients while the Lift-Off 
test was positive on 14% of patients. No patient was positive 
on all three tests; however, three patients were positive on 
two different tests. Patient 3 was positive on the Bear-Hug 
and Lift-Off tests but negative on the Napoleon test. Patient 
4 was positive on only the Lift-Off test. Patient 8 was posi-
tive on both the Lift-Off and Napoleon tests, but negative on 
the Bear-Hug test while Patient 19 was positive for the Bear-
Hug and Napoleon tests but negative for the Lift-Off test. All 
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Table 4

Patient # Pre-Op UCLA Post-Op UCLA Pre-Op ASES Post-Op ASES Bear-Hug Lift-Off Napoleon

 1 10 25  9 23 – – –
 2  7 30  9 28 – – –
 3  8 27  2 17 + + –
 4 11 27 10 25 – + –
 5  6 31  8 30 – – –
 6  7 33 14 28 – – –
 7  8 30  8 30 – – –
 8  8 31  6 30 – + +
 9 13 35 12 30 – – –
10  2 27  0 21 – – –
11 12 28  8 27 – – –
12  9 33 12 26 – – –
13 11 30  2  9 – – –
14 19 30  9 26 – – –
15 10 15  1 17 – – –
16  4 35  1 30 – – –
17 11 32  9 30 – – –
18  6 33  3 30 – – –
19 12 27 25 30 + – +
20  2 35  0 30 – – –
21  2 33 10 30 – – –
22  2 29 21 24 – – –

other patients were negative for all three tests. The two 
patients who were positive for the Bear-Hug test averaged 
post-operative UCLA and ASES scores of 27 and 23.5 
respectively. These were lower than the overall post-
operative UCLA and ASES scores of the entire group which 
were 29.8 and 26.0 respectively. The three patients with pos-
itive Lift-Off tests also averaged lowered post-operative 
UCLA and ASES scores, 28.3 and 24 respectively. The two 
patients with positive Napoleon tests averaged post-
operative UCLA and ASES scores of 29 and 30 respectively. 

The dominant shoulder was also the surgically repaired 
shoulder in 17 of the 22 patients. All fi ve patients who injured 
their non-dominant shoulder had negative results for all three 
physical tests. However the 17 patients with injuries to their 
dominant shoulder had an overall increase in their average 
UCLA scores from 6.8 pre-operatively to 30.5 post-opera-
tively. This is a greater increase than the non-dominant 
shoulder patients who had their average UCLA score increase 
from 13.0 pre-operatively to 27.6 post-operatively. The dom-
inant shoulder patient also increased their average ASES 
scores from 8.4 pre-operatively to 27.2 post-operatively. 
This was also higher than the non-dominant patients who 
had their ASES score increase from a pre-operative average 
of 6.4 to a post-operative average of 21.8. 

Seventeen of the 22 patients also had repair of at least one 
other rotator cuff tendon during the arthroscopy. Among 
those 17 patients, 11 had both the supraspinatus and infraspi-
natus also repaired. Included in these 11 patients were all 
three patients that had positives for at least two strength tests. 
These patients also averaged post-operative UCLA and 
ASES scores of 29.8 and 26.0 respectively. Each was similar 
to the overall post-operative averages. 5 patients had only the 
supraspinatus repaired in addition to the subscapularis. All 5 

of these patients were negative for all three strength tests. 
They also had an average a post-operative average of 33.6 
for the UCLA score and 25.8 for the ASES score. Only 1 
patient had just the infraspinatus and subscapularis repaired. 
This patient was negative for all three strength tests and 
recorded a post-operative UCLA score of 29 and ASES of 
24. Among the fi ve patients that had no other rotator cuff 
repair, only Patient 4 was positive for any of the strength 
tests (Lift-Off only). These patients had a post-operative 
UCLA average of 28 and ASES average of 25.8.

Massive tears were described in 3 of the 22 total patients. 
None of these patients were positive for any of the three 
strength tests. They averaged 28.7 on the UCLA scale and 
25.7 on the ASES scale post-operatively. Seven patients were 
described as having large tears. All four patients who had 
any positive strength tests had large tears. They also aver-
aged post-operative scores of 28.9 on the UCLA and 25.3 on 
the ASES scale. Seven patients had tears of the upper half of 
the subscapularis tendon. Among these, none had any posi-
tive strength tests and had a post-operative UCLA average of 
32.6 and ASES average of 29.3. Both of these were above 
their corresponding overall averages. Only one patient had a 
lower half tear of the subscapularis tendon. That patient had 
perfect post-operative UCLA and ASES scores of 35 and 30 
respectively. The remaining four patients had fraying of the 
subscapularis tendon. They had low post-operative averages 
of 26.3 for the UCLA scale and 20.5 for the ASES scale.

Patient ages ranged from 38 to 75 with a mean of 60.1. 
The time between the patient’s actual injury and surgery 
ranged from 1 to 24 months with a mean of 9.1 months. 
Additionally, the time between surgery and the physical 
examination ranged from 12 to 42 months with a mean of 
22.3 months. Among the 22 patients examined, 12 sustained 
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their injuries from a fall, 4 had their injuries occur over time, 
3 occurred while lifting items, 1 occurred during a disloca-
tion, 1 occurred while pulling an object and 1 occurred while 
reaching up for an object. 

Discussion

This study addresses the clinical results of arthroscopic 
repair on subscapularis tendons. The growing popularity of 
arthroscopy in rotator cuff repairs has led many Orthopaedic 
Surgeons to better identify subscapularis tendon tears.8, 2 
Additionally, arthroscopy has also shown to have better 
results in repairing rotator cuff injuries than did the previ-
ously used open-shoulder surgical technique.11 As a result, it 
is important to continually evaluate the levels of success that 
are being reached with arthroscopic repairs of the subscapu-
laris tendon. 

Patients in this study generally had excellent results. All 
22 patients showed improved post-operative UCLA and 
ASES scores. Additionally, according the post-operative 
UCLA scores, all 22 patients also claimed to be feeling “sat-
isfi ed and better.” 14% of patients reported perfect UCLA 
scores, while 68% fell into the categories of “good” or 
“excellent” according the UCLA scale’s grading chart. The 
remaining 32% did, however, fall into the “poor” category, 
but these patients still showed improved scores from their 
pre-operative scores. 45% of patients recorded perfect post-
operative ASES scores as well. In additional all 22 patients 
showed post-operative improvement in their ASES scores. 
The results of these two surveys suggest that shoulder func-
tion and range of motion can be improved through 
arthroscopic repair of the subscapularis tendon.

Only 18% of patients recorded a positive for any of the 
three strength tests used in this study. No patients recorded 
positives for all three tests. In fact, 82% of patients showed 
negative all of three tests. 91% of patients reported negative 
Bear-Hug tests. 

The Napoleon test also came out negative in 91% of 
patients. 86% of patients were found to have negative Lift-
Off tests as well. This suggests that arthroscopic repair can 
improve the overall strength of a damaged subscapularis 
tendon.

Patients also showed higher increases in their UCLA and 
ASES scores when the surgically repaired shoulder was their 
dominant shoulder. In fact the average post-operative UCLA 

score among patients that had their dominant shoulder surgi-
cally repaired was 30.5, which falls under the “good” cate-
gory according the UCLA grading scale. Patients who had 
their non-dominant shoulder repaired averaged 27.2, which 
falls into the “poor” category, on their post-operative UCLA 
scores. 

Conclusion

This study has demonstrated that arthroscopy can be suc-
cessful in improving the range of motion and function of 
shoulders in which the subscapularis tendon has been torn. 
In addition, it also demonstrates that arthroscopy can be used 
as a way to successfully restore strength to the subscapularis 
tendon. 
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The current prevention strategy for DVT in TJR is multi-
modal (mechanical/pharmacological) postoperative prophy-
laxis to both reduce the stasis and coagubility of the patient’s 
blood. The typical pharmacological treatment generally 
includes either warfarin, a low-molecular-weight heparin 
such as enoxaparin, or aspirin.1, 2 For mechanical prophy-
laxis elastic compression stockings are typically worn on 
both lower limbs and movement of the surgically repaired 
limb is initiated shortly after surgery.1 At Temple University 
Hospital, the standard care for DVT prophylaxis is to use 
Warfarin with an INR of between 1.5 and 2.5 bridged with 
Lovenox (enoxaparin) which is combined with pneumatic 
compression and early limb movement. We attempted to 
determine whether or not using intraoperative heparin at the 
most thrombophyllic time will lower the incidence of DVT 
thus lowering the chances that a patient will develop a life 
threatening PE. 

The results of previous studies have been inconsistent as 
to whether or not intraoperative heparin is effective in reduc-
ing the incidence of DVT. Furthermore, there have been dif-
ferences in administration of heparin as well as differences 
in other DVT prophylactics used in addition to intraopera-
tive heparin. Also there remains the possibility that there are 
differences in effectiveness of heparin between patients who 
have undergone THA and TKA. These are reasons for evalu-
ating the use of intraoperative heparin. The purpose of this 
study is to further evaluate whether or not using intraopera-
tive heparin is effective by evaluating outcomes of its use in 
both TKA and THA.

Methods

For the purpose of this retrospective study, after gaining 
IRB approval, patient charts were reviewed from patients 
who underwent TJR between October, 2005 and May 31, 
2007 at both Temple University Hospital and Northeastern 
Hospital with the goal of assessing the outcomes of patients 
who underwent surgery with either intraoperative heparin or 
with standard DVT prophylaxis. Patients undergoing surgery 

Abstract

Deep Venous Thrombosis remains a common compli-
cation in Total Joint Arthroplasty even as anticoagulative 
treatment has become more aggressive. Heparin has been 
used intraoperatively at Temple University Hospital by a 
single surgeon since 2004 while other surgeons at Temple 
use more traditional prophylactic therapy including war-
farin and enoxaparin. The surgeon using intraoperative 
heparin still uses postoperative prophylaxis also. Patient 
charts from patients undergoing THA and TKA either 
with intraoperative heparin added to standard prophylaxis 
or with standard prophylaxis alone were examined for 
occurrence of DVT. No statistical signifi cant difference 
was observed in the incidence of DVT between patients 
receiving standard postoperative coagulation as compared 
to those also given intraoperative heparin. Also, the inci-
dence of DVT was lower in THA compared to TKA 
regardless of what anticoagulant therapy was used. It 
appears that a dose of 1000 U intraoperative heparin does 
not improve anticoagulative therapy in TJR. 

Introduction

Deep venous thrombosis (DVT) has been reported as the 
most common complication in Total Joint Replacement 
(TJR). Without prophylactic treatment, the incidence of 
DVT in total hip arthroplasty (THA) has been reported to be 
between 40% and 70%.1 And for total knee arthroplasty 
(TKA) the incidence of DVT has been reported as high as 
88% after surgery.2 Thrombosis in the venous system is a 
risk for ischemia to local tissue but more critically has the 
potential to become a pulmonary embolus (PE), a potentially 
life threatening complication. Even with standard prophy-
lactic treatment PE remains the most common cause of death 
after THA.3 

Venous thrombosis occurs primarily because of one or 
more of the following three reasons: blood stasis, injury to 
the endothelial lining of blood vessels or hypercoagulation.1 
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with intraoperative heparin still received standard DVT pro-
phylaxis postoperatively. A total of 411 procedures were 
identifi ed as TJR of which 209 were performed with the use 
of intraoperative heparin and 201 used standard postopera-
tive anticoagulation prophylaxis alone. Each patient who 
received intraoperative heparin received 1000 U either prior 
to defl ation of the tourniquet in TKA or prior to reaming of 
the femoral canal in THA. These are moments during the 
surgery that have been identifi ed as being the most thrombo-
phyllic. If it was a bilateral TKA or THA then doses of 1000 
U of heparin were given at the appropriate times for both 
sides being operated on. Each of the procedures in which 
intraoperative heparin was used were all performed by a 
single surgeon, Easwaran Balasubramanian, at Temple Uni-
versity Hospital or Northeastern Hospital.

For both study and control groups, we recorded what type 
of anesthesia was used; the age, weight and height of the 
patient; what procedure was performed; the length of sur-
gery; the tourniquet time for TKA; and outcome measure-
ments. Outcome measurements included any complications 
(PE, hemorrhage, bleeding, infection, myocardial infarction, 
stroke) the patient might have suffered and also the results of 
a Doppler Ultrasound indicating whether or not the patient 
had a DVT identifi ed. The Doppler Ultrasound was per-
formed before the patient was discharged. Also if a DVT was 
suspected at a later time a Doppler was performed and this 
was recorded. In addition, for the study group, the heparin 
amount and time of administration was recorded. The inci-
dence of DVT was compared between patients who received 
intraoperative heparin and those that did not. We also looked 
to see if there was any difference in the effects of intraopera-
tive heparin between TKA and THA. 

Patients

Data from a total of 263 patient charts of patients who 
underwent total joint arthroplasty either at Temple Univer-
sity Hospital or Northeastern Hospital was included in this 
study. Patients were not included if the results of Doppler 
Ultrasound could not be found. The average age of all per-
sons having total joint arthroplasty and who did not have 
heparin administered intraoperatively was 64.2 years and the 
average age of those persons receiving intraoperative hepa-
rin was 63.6 years. The average BMI of patients in the intra-
operative heparin group and the non intraoperative group 
was 31 and 33 respectively.

Results

The results show that there is no signifi cant difference in 
the incidence of DVT between groups of patients receiving 
intraoperative heparin as compared to those receiving stan-
dard anticoagulant prophylaxis. This can be seen on Figure 1 
which shows the only statistically signifi cant factors affect-
ing the incidence of DVT were the Hospital where the sur-

gery was performed and the type of surgery performed (THA 
vs. TKA). 

The percentage of patients in which a DVT was identifi ed 
is illustrated on Figure 2. There were 33 (21%) out of 155 
patients who were reported to having a DVT in the intraop-
erative heparin group. In the standard prophylactic group 16 
(15%) out of 108 patients were identifi ed as having a DVT. 
For THA patients who received intraoperative heparin 5 
(11%) out of 45 had a DVT identifi ed by Doppler ultrasound. 
This compared to 2 (8%) out of 26 persons having under-
gone THA with standard anticoagulant prophylaxis with an 
identifi ed DVT. For TKA patients who received intraopera-
tive heparin 29 (26%) out of 110 had an identifi ed DVT. This 
compared to 14 (18%) out of 78 persons who had a TKA 
with standard anticoagulant prophylaxis in which there was 
an identifi ed DVT. 

 There is also little difference between the incidences of 
above the knee DVT post TKA in both surgical groups with 
the incidence for both approaching 3%. The incidence of 
above the knee DVT post THA was higher in the intraopera-
tive group (6%) compared to patients who received standard 
anticoagulant prophylaxis (0%). However, no statistical dif-
ference was observed. It should be mentioned that there were 
only two (8%) post THA DVT’s identifi ed in the standard 
prophylactic group. The incidence of above the knee DVT is 
shown on Figure 3.

There was no difference in the ages of persons with or 
without a DVT in the intraoperative heparin group with the 
average age of those with a DVT and this can be seen on 
Figure 4. However, there was a slight difference in the ages 
of persons with a DVT in the standard prophylactic group 
with the average age of a person with an identifi ed DVT 
being 69.5 years compared to 63.3 years for those with no 
identifi able DVT. 

While there was statistical difference in the incidence of 
DVT between procedure types (p = 0.02) intraoperative hep-
arin seems to have no clinical apparent affect in either proce-
dure type. Although patients that received heparin had an 
average surgery length of 100 minutes vs. 172 minutes in the 
non intraoperative heparin group, there was no change in the 
incidence of DVT seen associated with length of surgery 
(p = 0.08).

There were few complications in either group other than 
venous thrombosis. It should be mentioned that no patients 
died from complications with surgery. The complications in 
the group who received intraoperative heparin included 2 
patients with pulmonary emboli, 1 patient with pulmonary 
edema, 2 patients with anemia, one person with persistent 
wound drainage and one patient with a wound hematoma. The 
complications in the group receiving standard prophylactic 
care included one patient with persistent wound drainage, one 
patient with a right sided stroke involving the posterior and 
middle cerebral arteries, one patient with seizure like activity, 
and one person with a mild myocardial infarction.
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Figure 1. Outcome = DVT, Univariate analysis

Figure 2. Incidence of DVT in total hip vs. total knee with and 
without intraoperative heparin.

Figure 3. Incidence of above the knee DVT in THA and TKA for 
both patients receiving intraoperative heparin and those receiving 
standard prophylaxis. 

Figure 4. Average age of persons with and without a DVT in both 
the intraoperative heparin and standard prophylaxis groups.

Discussion

DVT prophylaxis has changed since the late 1980s and 
early 1990s when it was common to administer aspirin post-
operatively as the sole DVT prophylactic treatment. Current 
standard care at most places is to use either warfarin or a 
LMWH in addition to pneumatic compression and very early 
limb movement postoperatively. The use of aspirin alone has 
been abandoned by most physicians although some do use 
aspirin combined with pneumatic compression and early 
limb movement. 

Several studies at the Hospital for Special Surgery indi-
cate that using heparin intraoperatively reduced the inci-
dence of DVT and associated PE signifi cantly.1, 3–5 These 
studies however, compared the incidence of DVT when 
using heparin to a control group given aspirin postopera-
tively. Thrombogenesis has been reported to be most active 
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in THA during surgery on the femur, when several of the 
femoral vessels become obstructed because of the extreme 
fl exion and rotation of the femur.5–7 For Total Hip Arthro-
plasty (THA), Sharrock et al. demonstrated that the greatest 
risk for activation of the clotting cascade occurs during the 
insertion of the femoral component of the hip replacement.5

Previous studies have shown intraoperative heparin to show 
promise in decreasing the incidence of DVT. Heparin works 
by increasing the activity of antithrombin III which is a natural 
neutralizer for various coagulative factors in the coagulation 
cascade (Factors IIa, VIIa, IXa, Xa, and Xia — see Figure 5). 

Factor IIa is thrombin so thrombin-antithrombin complexes 
are the result of antithrombin III’s activity. Fibrinopeptide A, 
prothrombin F1-2, D-dimer and thrombin-antithrombin 
complexes have all been shown to signifi cantly elevate after 
reaming of the femoral canal in THA.5 Sharrock et al. showed 
intraoperative heparin to be effective in lowering fi brinopep-
tide A and prothrombin F1+2 during surgery.3 Fibrinopep-
tide A is a marker for the rate of conversion of fi brinogen to 
fi brin by thrombin and prothrombin F1+2 is an index for 
thrombin generation. Sharrock et al. also reported, in a sepa-
rate study, a signifi cant drop in DVT using a fi xed dose 

Figure 5. Coagulation Cascade. Heparin potentiates the activity of Antithrombin III which inhibits the formation of Factors IIa, VIIa, IXa, 
Xa, and XIa. ( http://www.frca.co.uk/article.aspx?articleid=100805)
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 regimen (multiple doses) of Heparin intraoperatively when 
compared to their control group.1 Only 8% of patients that 
received heparin were found to have DVT compared with 
24% of patients in the control group.1

In our study, we were not able to show any reduction in 
incidence of DVT using intraoperative heparin as opposed to 
the standard prophylactic care. It appears that the combina-
tion of initial enoxaparin and prolonged warfarin with an 
INR goal of between 1.5 and 2.5 seem to reduce the inci-
dence of DVT to a point that adding intraoperative heparin 
has no clinically observed benefi ts. The more recent studies 
using intraoperative heparin have tended to show this also. 

While it is notable that the incidence of DVT is lower in 
THA compared to TKA there was no statistical difference 
due to the use of intraoperative heparin so this is merely a 
byproduct of the procedure being performed. 

And though earlier studies have shown promise with intra-
operative heparin there are some later studies that have 
shown little benefi t to adding intraoperative heparin to DVT 
prophylaxis. Mant et al. reported no signifi cant improve-
ments using intraoperative heparin over using a postopera-
tive low-molecular-weight heparin (enoxaparin) for total 
TKA patients.8 Also a study by Westrich et al. showed no 
signifi cant benefi ts using intraoperative heparin in addition 
to postoperative aspirin and pneumatic foot compression in 
TKA.2 In a separate study by Westrich et al. the effects of 
intraoperative heparin were assessed by measuring DVT 
using Magnetic Resonance Venography (MRV).9 Their 
results showed lower ipsilateral femoral DVT in patients 
receiving intraoperative heparin.9 However, overall there 
was no statistically signifi cant difference in the incidence of 
DVT in patients receiving heparin and patients in the control 
group, with patients receiving intraoperative heparin having 
a slightly higher incidence of pelvic thrombi.9 This could be 
evidence that thrombi form later in the deep pelvic veins 
than in the deep femoral veins.

The reason that our study may have shown no reduction in 
the incidence of DVTs using intraoperative heparin may be 
due that warfarin and/or enoxaparin already signifi cantly 
reduce the incidence of DVT when compared to aspirin or 
no DVT prophylaxis. In addition patients begin movement 
of the limb early and begin physical therapy almost immedi-
ately postoperatively. Intraoperative heparin at this dosage 
seems to offer no benefi t over the standard DVT prophylac-
tic treatment. Heparin has a relatively short half-life, about 
90 minutes, and so the benefi ts of heparin as an anticoagu-
lant are only realized at the most thrombophyllic time of sur-
gery. This may indicate that reducing pro-thrombic factors 

during surgery has little to no effect on clotting potential that 
remains later postoperatively. 

Conclusions

Our study seems to be more in line with some of the later 
research that has been done relating to intraoperative heparin 
use. The move to more aggressive postoperative anticoagu-
lation therapy appears to have decreased the incidence to a 
point that the effect of adding intraoperative heparin has no 
observable effects. It is possible that a higher dose of intra-
operative heparin could have an effect as some of the earlier 
studies used variable amounts of heparin and showed 
increased response with higher doses but this may come at a 
cost with increased risks from higher doses of heparin. 
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most benefi cial for the treatment of intertrochanteric hip 
fracture stabilization. 

Proposed advantages of an IM device are a smaller inci-
sion, lower blood loss, and a shorter operating time.5, 6 The 
development of IM nails for intertrochanteric hip fracture 
fi xation offer the theoretical benefi ts of improved load trans-
fer due to the medial location of the implant, a shorter lever 
arm, reduced blood loss, and shorter operative time.4, 11 First 
generation IM nails demonstrated a higher complication rate 
when compared to compression screws and were sparingly 
used.7, 9 Subsequent revisions in surgical techniques and 
alterations in the IM nail structure reduced complica-
tions, and some authors now recommend its use in clinical 
 practice.8, 10–12 

The use of hip fracture stabilization implants is frequently 
discussed in current literature. Olson stated that the overall 
goal of internal fi xation is to achieve solid bone healing, 
restore length and alignment of the affected limb, and to pre-
serve limb function.13 Determining the best implant to treat 
hip fractures would be a great benefi t to the medical and 
elderly communities. Bone quality, fragment geometry, frac-
ture reduction, implant design, and choice of implant are the 
fi ve variables which Kaufer believes determines the strength 
of the fracture implant assembly.14 While bone quality and 
fragment geometry are not controlled by the physician, frac-
ture reduction and implant choice and design are crucial 
aspects that the surgeon controls. Determining the best 
implant for stabilization can have a direct effect on the clini-
cal outcome of a hip fracture patient. 

Our goal was to retrospectively perform a multivariable 
analysis to examine the “gold standard” DHS four-hole fi xa-
tion plate procedure and compare it with the newer IM 
implants. This study’s main objective was to determine 
which implant had the best clinical results and lowest com-
plication rates for the fi xation of intertrochanteric hip 
fractures. 

Materials and Methods

This study was a retrospective analysis of patients who 
sustained an intertrochanteric hip fracture which required 

Abstract

Determining the best surgical hip stabilization proce-
dure which decreases complication rates is a currently 
debated topic in the literature. A retrospective analysis of 
patients who underwent either a 4-hole fi xation plate with 
dynamic hip screw (DHS) or intramedullary nail (IM) 
stabilization by the Department of Orthopaedic Surgery 
at Temple University Hospital and Northeastern Hospital 
was performed. One-hundred and forty-one patients from 
June 2003 through January 2006 were analyzed with 
regard to postoperative complications and time until ini-
tial weight bearing. There was no signifi cant difference in 
complication rates (p = 0.4366) or weight bearing (p = 
0.8426) between the two procedures. For both proce-
dures, blood loss (p = 0.0325) was a signifi cant factor in 
contributing to postoperative wound infections. A history 
of heart disease (p = 0.0422) and ASA level (p = 0.0383) 
were found to increase the postoperative time until weight 
bearing. Surgeons should evaluate each patient on an 
individual basis and consider the increased risks when 
deciding on which hip stabilization procedure to 
perform.

Introduction

Hip fracture is one of the most prevalent osteoporotic 
fractures in the elderly population and can be a very serious 
medical condition.1, 3 For nearly fi ve decades, the dynamic 
hip screw and fi xation plate has remained the most preferred 
and common implant for treatment of intertrochanteric hip 
fracture stabilization.2 Schumpelick and Jantzen fi rst reported 
using a DHS with a two-hole fi xation plate in the early 
1950s.1 It is unclear when or why a transition to a four-hole 
fi xation plate evolved, but this implant is currently consid-
ered the gold standard for intertrochanteric hip fracture sta-
bilization. Continuing advancements and the goal to reduce 
complication rates have recently led to the development of 
newer implants. Such innovations as intramedullary (IM) 
devices, have led to debates over which implants are the 
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surgical stabilization with either a DHS and fi xation plate or 
IM nailing. Following IRB approval, 117 patient charts from 
Temple University Hospital from June 2003–January 2006 
were reviewed. The operative reports, discharge notes, anes-
thesia reports, and history/physical therapy progress notes 
were reviewed using the Alpha Systems computer program. 
Other postoperative clinical follow up documents used for 
this study were retrieved from the orthopaedic medical 
records department. Twenty-four surgical hip stabilization 
patients were reviewed through Alpha Systems from North-
eastern Hospital from the time period of September 
2005–January 2006.

Age, sex, body mass index (BMI), blood loss, airway 
sedation assessment (ASA) classifi cation, length of hospital 
stay, and operating time for each patient were determined. 
Incision length for each procedure was recorded from the 
operative reports. In addition to the entry point incision for 
the IM nail, there are two small incisions for the lag screw 
and the locking screw. Co-morbidities, postoperative time 
until weight bearing, and complications were also recorded. 
Weight bearing was determined by reviewing post operative 
history/physical therapy progress notes to determine the fi rst 
time the patient was reported standing or walking. Co-
morbidities included hypertension, osteoporosis, arthritis, 
diabetes, renal and liver and heart disease, cancer, and his-
tory or presence of stroke or heart disorder (congestive heart 
failure and history of myocardial infarction). Postoperative 
complications included; implant hardware failure, infection, 
deep venous thrombosis (DVT), and pulmonary embolism.

Univariate and multivariable linear and logistic regression 
with stepwise selection were used to evaluate predictors of 
each outcome. Each potential risk factor was evaluated alone 
and in combination (blood loss, complication, time to weight 
bearing, etc.). Statistically signifi cant factors (p < 0.05) indi-
cate increase (or decrease) in the outcome variable being 
tested. 

Results

One hundred forty-one patients (average age = 67.24 
years) were involved in this study, 79 were female (56.03%) 
and 62 male (43.97%). The average age for males and 
females were 59.24 and 75.04 years, respectively. Thirty-
eight underwent a hip stabilization procedure involving a 
DHS 4-hole fi xation plate and 103 had the implantation of an 
IM device. There were 20 complications in 16 patients with 
an overall patient complication rate of 11.35%. 

Complication rates for the 4-hole fi xation plate and the IM 
nail procedures were 7.89% and 12.62% (p = 0.4366) respec-
tively (see Table 1 and Figure 1). The IM procedure had 5 
wound infections (4.85%) and the DHS 4 hole fi xation plate 
had 0 wound infections (p = 0.9574) [61% power]. There 
were 6 IM procedure complications (5.83%) caused by hard-
ware failure and 2 DHS hardware complication failures 
(5.26%) (p = 0.4505). A pulmonary embolism occurred in 
one patient who received an IM device. 

One patient had a myocardial infarction postoperatively 
(IM procedure patient). Four patients in the IM nail category 
had a DVT (3.88%) versus one patient in the DHS group 
(2.63%) (p = 0.9290) (see Table 2 and Figure 2).

Our results demonstrated no signifi cant difference between 
the two procedures in blood loss (p = 0.4217), operative time 
(p = 0.2020), initial time to weight bearing (p = 0.8426), 
hardware failure (p = 0.4505), DVT (p = 0.9290), myocar-
dial infarction (p = 0.9572), infection (p = 0.9574), or pul-
monary embolism (p = 0.9572) (see Table 2). A statistical 
signifi cance was found with incision size. The 4-hole fi xa-
tion plate had an average 3.675 cm larger incision per proce-
dure than the IM nail (p < 0.0001). 

Table 1. Overall Patient Procedures, Sex, and Complications

Patients Overall %

Male  62 43.97
Female  79 56.03

IM Nail 103 73.05
4 Hole DHS  38 27.95

Complications  16 11.35

Figure 1. Total patients in each procedure and complications.

Table 2. Procedure Comparison

4 Hole
DHS

IM
Nail

Both
Procedures

Total %
Complication

Total Patients 38 103 141 n/a

Complications 3 17 20 n/a

Wound Infections 0 5 5 3.55

Hardware Failures 2 6 8 5.67

DVT 1 4 5 3.55

Pulmonary Embolus 0 1 1 0.71

Heart Attack 0 1 1 0.71

Blood Loss (ml) 
Avg. per procedure

217.30 275.57 n/a n/a

OR Time (minutes) 
Avg. per procedure

89.46 103.89 n/a n/a
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Using univariate analysis of blood loss, we found no sta-
tistical difference between procedures (p = 0.422). Statisti-
cally signifi cant predictors for blood loss using the combined 
group were operative time and incision size. For each minute 
increase in the operating room, blood loss increased 1.56 ml 
(p = 0.0347). Each centimeter increase in incision size 
resulted in an 18.20 ml increase in blood loss (p = 0.0498).

Using the combined group, incision size was a statisti-
cally signifi cant predictor of operative time. For each centi-
meter increase in incision size, the operating room time 
increased by 3.977 minutes (p = 0.0351).

With reference to co-morbidities, a history of a heart dis-
ease (p = 0.0422) and the ASA level (p = 0.0383) were sig-
nifi cant predictors of time to weight bearing. The presence 
of heart disease increased time to weight bearing by 1.389 
days. For each increase in ASA level, the postoperative time 
to weight bearing increased approximately one day (0.918 
days). 

Statistically signifi cant predictors of a postoperative infec-
tion were blood loss (p = 0.0325), renal disease (p = 0.0255), 
and arthritis (p = 0.00780). A multivariate analysis with step-
wise selection showed that the two most important predic-
tors of a postoperative infection were arthritis (p = 0.00840) 
and blood loss (p = 0.0230). A patient’s risk of infection 
increased by 0.50% (odds ratio = 1.005, CI = 1.001, 1.010) 
for each ml of blood loss during surgery. 

Discussion

Our study showed no signifi cant difference in complica-
tion rates between IM and 4-hole DHS procedures (p = 
0.4366). The 4-hole DHS had a signifi cantly larger incision 
size (p < 0.0001), but this did not lead to a signifi cant increase 
in blood loss compared to the IM nail. Our outcome was 

similar to the study performed by Patel A., et al. with respect 
to no signifi cant increase in operating time or complication 
rates between procedures.15

 Determining which procedure to use for hip stabilization 
of intertrochanteric fractures should be evaluated by the phy-
sician on a patient to patient basis. There are several predic-
tors which the physician must consider when performing 
these procedures in order to minimize the risk of complica-
tion. Postoperative time until weight bearing time signifi -
cantly increased with the presence of heart disease (p = 
0.0422) and high ASA values (p = 0.0383). Operative time 
and incision size should be minimized as much as possible 
when performing surgical hip stabilization. Increases in 
operative time (p = 0.0347) and incision size (p = 0.0498) 
signifi cantly increase blood loss, which can lead to increased 
postoperative wound infections (p = 0.0230). Our data sup-
ports studies in the literature which conclude that selecting 
the procedure in which the surgeon feels the most confi dent 
can help reduce complications.14, 15 Reduction in complica-
tions can occur since the surgeon will be more effi cient, 
which will result in decreased operating time and blood 
loss. 

Our data suggests a clinical trend toward increased infec-
tions with the IM nail procedure, but this difference was not 
statistically signifi cant (p = 0.9574). This study achieved 
61% power and needed 107 patients in each procedure group 
in order for the differences to be statistically signifi cant. 
With suffi cient statistical power, future studies should focus 
on possible etiologies for this increase. 

It was diffi cult to obtain retrospective follow up data for a 
majority of these patients. For this reason, our study focused 
on the surgical complications reported until the patient was 
discharged. A future study perform a longitudinal analysis of 

Figure 2. Flowchart of complications.
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a larger group of patients in order to analyze the time until 
complete recovery and estimate infection rates with greater 
power.

Conclusions

Our study demonstrated no signifi cant difference between 
complication rates and time until weight bearing for the IM 
nail and 4-hole DHS procedure. In considering complica-
tions, blood loss and OR time should be minimized as much 
as possible to decrease wound infections. Time until weight 
bearing is affected by a history of heart disease and a high 
ASA level. Further investigation is required to determine the 
signifi cance of the clinical trend toward increased IM nail 
wound infections. Surgeons should evaluate each patient 
individually and choose the procedure in which they feel 
most comfortable when performing a hip stabilization. 
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dependence of articular cartilage integrity on surrounding 
structures in the knee it is clinically important to understand 
the context in which such relationships exist. The age-related 
effects of oxidative stress may be the fi rst step in the mecha-
nism of partial delamination injury, which leads to chondro-
cyte apoptosis and the deterioration of extracellular matrix. 
Therefore, aging patients with associated injury and struc-
tural instability in the knee are expected to be at great risk for 
PACDI. 

Gaining a greater understanding of the clinical associa-
tions between aging and PACDI will be of value in injury 
prevention and the refi nement of specifi c treatment regi-
mens. Effective management of future research in treatment 
options applicable to partial delamination injuries will 
require a thorough understanding of the types of patients 
who stand to benefi t from such innovations. Thus, the inci-
dence of PACDI in the knee remains a critical element of 
understanding required for the effective management of 
patient care and clinical research. This study delineates the 
incidence and contributing factors of partial cartilage delam-
ination injuries (PACDI) in the knee and provides insight 
into potential mechanisms of injury. 

Methods

This retrospective study evaluated 873 patients between 
the ages 15 and 93 that had undergone knee arthroscopy at 
Temple University Hospital from April 2003 to December 
2006. Patients were determined to require arthroscopy fol-
lowing evaluation and likely diagnosis of tibiofemoral joint 
injury by the attending physician. 

Defi ning the Partial Articular Cartilage Delamination 
Injury (PACDI)

Patient operative reports were reviewed and cartilage inju-
ries were classifi ed on a four grade scale based on the Outer-
bridge classifi cation system.7, 8 Grade 1 cartilage degenera-
tion was assigned to chondral injuries described as minimal 
or mild by the operating surgeon. Cartilage injury, which 
included fraying or fi brillation of superfi cial chondral layers 
were assigned Grade 2. Damage of articular cartilage which 
penetrated to the deep chondral layers was designated Grade 
3. Osteochondral injuries in which all layers of cartilage 
were removed from the underlying subchondral bone were 

Abstract

Objective: Partial articular cartilage delamination 
injuries (PACDI) are a common fi nding during knee 
arthroscopy. Clinical observation has revealed a distinct 
increase in presentation of partial delamination injuries in 
patients greater than 37 years of age. This study delin-
eates the incidence and contributing factors of partial car-
tilage delamination injuries in the knee and provides 
insight into potential mechanisms of injury.

Methods: Post-operative reports of patients, ages 15 to 
93, who have undergone knee arthroscopy at Temple Uni-
versity Hospital from April 2003 to December 2006 were 
reviewed. Those presenting with cartilage injuries were 
further evaluated for the presence or absence of partial 
delamination. Relevant correlating factors were analyzed 
for strength of contribution to the incitement of partial 
delamination injury.

Results: Review of post-operative reports demon-
strated a diagnosis of articular cartilage pathology in 
62.4% of all arthroscopies. PACDI was discovered in 
17.4% of patients. Age, race (African-American vs. non-
African-American) and tobacco use were identifi ed as 
signifi cant risk factors for PACDI. 

Conclusions: Clinical observations regarding the onset 
of PACDI presentation in patients aged 37 and greater 
was validated. Analysis of relevant incidence and contrib-
uting factors suggests a signifi cant relationship between 
age-related changes in the molecular and cellular compo-
sition of articular cartilage and PACDI.

Introduction

Partial articular cartilage delamination injuries (PACDI) 
are poorly defi ned and have the potential to produce long-
term disability in active patients. Clinical observation has 
indicated an age-related dependence on the incidence of 
PACDI in the knee. Such observations invariably raise ques-
tions regarding the incidence and contributing factors of car-
tilage delamination injuries. The intimate association of 
chondral lesions with various concomitant knee injuries has 
been validated.1–3 Biomechanical, biochemical and physio-
logical factors have also been included as prevalent contribu-
tors to cartilage injury.4–6 As we continue to identify the 
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characterized as Grade 4 injuries. PACDI was defi ned as an 
injury that included the splitting and removal of cartilage 
layers without the exposure of subchondral bone. In delami-
nation the damaged cartilage characteristically displays an 
“orange peel” morphology in which the separated cartilage 
layers hang free in the synovial space. As a result, only oper-
ative reports that noted the presence of grade 2 or 3 injuries 
could be included as a positive diagnosis of PACDI. In the 
event that an operative report did not defi ne the apparent car-
tilage injury, a grade level was assigned based on intraopera-
tive arthroscopic images. The operative reports were also the 
primary source of information for patient demographic, 
medical and social information. 

evaluation. The average age of arthroscopy patients without 
any noted articular cartilage defect was 34 years. Patients 
presenting with PACDI were an average of 48 years (Fig. 3c) 
old while patients presenting with non-delamination articu-
lar cartilage injuries (NDACI) were an average age of 45 
(Fig. 3b). There proved to be signifi cant variation in the rela-
tive age of onset dependant on the type of injury incurred. 
Relative to the hypothesized baseline of 37 years 13.8% of 
PACDI, 26.1% of NDACI and 60.4% of non-articular 
(meniscal/ligamentous) cartilage injuries consisted of patients 
under the age of 37 (Table 2).

A large majority of PACDI were located on the medial 
femoral condyle (77%). A similar but smaller percentage 
(67.5%) of NDACI were also found on the medial femoral 
condyle. In contrast, delamination and non-delamination 
patients were just as likely to present with an injury on the 
lateral femoral condyle. Similar results were found for inju-
ries located on the patella, which made up a greater propor-
tion of the injuries than those in the lateral femoral condyle. 
Non-delamination patients were more likely to present with 
an injury located on the medial and lateral tibial plateau than 
those with partial delamination (Table 2). 

A large number of patients presenting with articular carti-
lage injuries were also found to suffer comorbid pathologies 
including meniscus and ACL damage. Medial meniscus 
damage was the most common comorbidity noted in all 
patients with articular cartilage injuries. A greater proportion 
of delamination patients (72.4%) were concomitantly diag-
nosed with a medial meniscus injury during arthroscopy 
than non-delamination patients (62.1%). However, lateral 
meniscus damage accompanied delamination and non-
delamination injuries at a relatively equal rate. ACL damage 
was not a common fi nding with articular cartilage injuries 
appearing in less than 10% of both delamination and non-
delamination patients. In contrast, more than 40% of all 
patients presenting without articular cartilage injury were 
diagnosed with ACL damage (Table 2).

Patient race (African American vs. non-African Ameri-
can) revealed a strong relationship with PACDI (p < 0.0001). 
Regarding patients with noted articular cartilage injuries 
African Americans were found to have 2.34 times the risk of 
delamination compared to non-African Americans in this 
study. Slightly greater than one fourth (27.5%) of all arthros-
copy patients reviewed were African American. Of all 
patients presenting with NDACI 26.1% were African Ameri-
can, however, a signifi cantly greater proportion of patients 
with PACDI (46.1%) were African American (Table 2).

Body composition does appear to play a role as a predictor 
of cartilage injury; however, its relationship to partial delam-
ination is unclear. Nearly 43% of patients with NDACI and a 
similar percentage of patients with PACDI were categorized 
as obese (BMI ≥ 30). In contrast, only 21% of all patients 
without articular cartilage injuries were obese. However, 
among patients with articular cartilage injuries the propor-
tion of overweight patients (BMI 25 to 29.9) with and with-
out delamination did not vary signifi cantly (Table 2). 

Table 1. Articular Cartilage Injury Grading System Based on 
the Outerbridge Method of Chondral Injury Classifi cation7, 8

Grading Characteristics

Grade I • Minimal/mild chondral injury
•  Minor fi brillation or softening of articular cartilage

Grade II •  Mild to severe fraying, fi brillation or delamination 
of chondral layers

•  Damage isolated to the outermost chondral layers 
(superfi cial/transitional zones) 

Grade III
 (Delamination)

•  Chondral erosion or delamination extending to the 
deep layer of articular cartilage

•  Separation/“orange peeling” of cartilage layers 
without subchondral exposure

Grade IV • Osteochondral injuries
•  Complete erosion of all chondral layers leading to 

the exposure of subchondral bone

Determining the Relative Angle of Anatomical Axis 
in the Tibiofemoral Joint

The relative tibiofemoral angle for each injured knee joint 
was calculated using the PACS Radiographic imaging sys-
tem at Temple University Hospital. Radiographs examined 
approximated the distal 1/3 of the femur to the proximal 1/3 
of the tibia. Only weight bearing AP standing or erect images 
were used. The physiologic tibiofemoral angle was calcu-
lated to compare each patient’s knee to the average 5° to 7° 
valgus variation. A 90° reference angle was produced at the 
center of the knee joint by placing a line perpendicular to the 
approximated mechanical axis of the tibia. The femoral shaft 
center was calculated at the most proximal level possible. 
The femoral anatomic axis was inferred by a line drawn from 
the base of the 90° reference angle to the femoral shaft cen-
ter. The incident angle between the reference line and the 
femoral anatomical axis was recorded as the relative 
tibiofemoral axis.

Results

Partial articular cartilage delamination injury (PACDI) 
was discovered in 17.4% of all knees explored arthroscopi-
cally. Cartilage pathology of any nature, including delamina-
tion, was noted in 62.4% of all patients during arthroscopic 
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The relative tibiofemoral axis was statistically not a strong 
predictor for partial delamination injury; however, certain 
differences between patient groups were noticed. An average 
of 4.1° valgus was calculated for all patients included in the 
study whose relative tibiofemoral axis was determined. 
Those with partial delamination injuries showed an average 
of 3.7° valgus, a hypothesized outcome, although not statis-
tically signifi cant. An average relative tibiofemoral angle 
was consistently found to be slightly more varus than normal 
when patients were compared by gender. Males proved to 
have a more varus average tibiofemoral angle (3.7°) than 
women (4.6°), however, despite such variation male and 
female patients reported with delamination injuries at rela-
tively equal frequencies. Men and women with PACDI 
reported average relative tibiofemoral angles that were more 
varus than those with NDACI (Table 3). 

Table 2. Statistical Analysis Based on Patient 
Categorization by Injury Type

Patient Category
by Injury Type Number

Percentage 
(%) P-Value

Partial Delamination (n = 152)
 Under age 37 21 13.8
 Injury location
  Medial femoral condyle 117 77 0.036
  Lateral femoral condyle 45 29.6 1.000
  Medial tibia 36 23.7 0.038
  Lateral tibia 29 19.1 0.418
  Patella 63 41.5 0.845
 Comorbidity
  Medial meniscus 110 72.4 0.028
  Lateral meniscus 32 21.1 0.498
  ACL 8  5.1 0.122
 Race
  African American 70 46.1 <.0001
  Non-African American 82 53.9
 BMI
  Obese (≥30) 66 43.4 0.064
  Overweight (25–29.9) 61 40.1 0.195
 Medication
  Any medication 130 85.5 0.033
  Anti-Infl ammatory 76 50 0.104
 Tobacco Use
  Past or current users 61 40.1 0.014

Non-Delamination (n = 394)
 Under age 37 103 26.1
 Injury location
  Medial femoral condyle 266 67.5
  Lateral femoral condyle 116 29.4
  Medial tibia 129 32.7
  Lateral tibia 88 22.3
  Patella 158 40
 Comorbidity
  Medial meniscus 245 62.1
  Lateral meniscus 95 24.1
  ACL 38  9.6
 Race
  African American 103 26.1
  Non-African American 291 73.9
 BMI
  Obese (≥30) 166 42.1
  Overweight (25–29.9) 133 33.8
 Medication
  Any medication 303 76.9
  Anti-infl ammatory 166 42.1
 Tobacco Use
  Past or current users 114 28.9

No Articular Cartilage Injury 
 (n = 328)
 Under age 37 198 60.4
 Type of injury
  Medial meniscus 205 62.5
  Lateral meniscus 97 29.6
  ACL 136 41.5
 Race
  African American 67 20.4
  Non-African American 261 79.6
 BMI
  Obese (≥30) 70 21.3
  Overweight (25–29.9) 127 38.7
 Medication
  Any medication 203 61.9
  Anti-Infl ammatory 116 35.4
 Tobacco Use
  Past or current users 81 24.7

Table 3. Relative Tibiofemoral Axis

Patient Category 
by Injury Type

Relative Tibiofemoral Angle 
(° Valgus)

All Patients 
 Total (n=294) 4.1
 Men (n=167) 3.7
 Women (n=127) 4.6

Partial Delamination
 Total (n=64) 3.7
 Men (n=31) 3.1
 Women (n=33) 4.2

Non-Delamination
 Total (n=147) 4.3
 Men (n=82) 3.7
 Women (n=65) 5.1

No Articular Cartilage Injury
 Total (n=85) 4.1
 Men (n=55) 4.0
 Women (n=30) 4.4

The prior use of anti-infl ammatory medications as reported 
by the patient history at presentation to the hospital is a 
potential contributor to delamination injury. Patient groups 
with delamination were more likely (50%) than those with 
non-delamination injuries (42.1%) to have reported previous 
use of anti-infl ammatory medication. Furthermore, when the 
patient groups were compared based on the prior use of any 
type of medication (including anti-infl ammatory) partial 
delamination patients (85.5%) were signifi cantly more likely 
to have been previously medicated than non-delamination 
injury patients (76.9%). 

Tobacco use proved to be a signifi cant risk factor for 
the onset of PACDI in the knee (p < 0.013). Patients who 
reported the current and past use of tobacco were found to 
have nearly two times the risk of delamination compared to 
non-smokers. A signifi cantly greater proportion of delami-
nation patients were smokers (40.1%) compared to non-
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delamination patients (28.9%) and those who did not present 
with articular cartilage pathology (24.7%). 

Discussion

Articular cartilage lesions, including partial and full-
thickness delamination, are a common fi nding during knee 
arthroscopy.9, 10 Partial articular cartilage delamination inju-
ries (PACDI) include the splitting and removal of chondral 
layers (“orange peel) without the exposure of subchondral 
bone. Articular cartilage repair is complicated by the tissue’s 
avascular nature and poor ability to reconstitute original 
matrix composition following injury.11 An array of surgical 
treatment options have been developed including debride-
ment, radiofrequency energy probes, microfracture, osteo-
chondral autograft and allograft transplantation and autolo-
gous chondrocyte implantation.12 As current treatments are 
unable to produce repair cartilage with normal structure 
future methods aim to utilize growth factor administration 
and tissue engineering techniques.12 Due to the poor effi cacy 
of currently available treatment options PACDI have the 
potential to produce long-term disability in patients. The 
goal of this study is to defi ne PACDI and develop a potential 
mechanism of injury based on the incidence and relevant 
contributing factors. 

The primary hypothesis of this study points to age-related 
changes in chondrocyte senescence and apoptosis as a poten-
tial mechanism of PACDI. The ability of articular cartilage 
to maintain it’s integrity against loading and shearing forces 
in the knee is derived from its molecular and cellular compo-
sition.11 Resistance to forces associated with everyday activi-
ties relies on the uniform composition of articular cartilage 
constituents including water, collagen, proteoglycans, gly-
coproteins and chondrocytes. Healthy cartilage ascertains its 
form and tensile strength from its collagen fi brillar mesh-
work and collagen fi ber cross-linking while proteoglycans 
provide cartilage with the ability to resist compressive 
forces.11 Chondrocytes assume a dynamic role in both the 
general and fi ne-tuned construction of cartilage matrix. We 
suggest that the predisposition for partial delamination injury 
arises from a loss of a uniform matrix density due to the age-
related changes involving chondrocyte senescence and apop-
tosis. As loading and shearing forces are transmitted across 
the articular cartilage matrix partial delamination occurs as 
force distribution is interrupted in those regions, which no 
longer contain structurally and metabolically viable chon-
drocytes. This study has revealed that age is one of several 
contributing factors related to the incidence of PACDI. Fur-
ther analysis of the relationships between these contributing 
factors indicates that aging and biomechanical instability are 
major aspects of PACDI in the knee. Subsequently, each 
contributing factor will be discussed in the context of the 
potential age-related changes in articular cartilage of the 
tibiofemoral joint. 

The tibiofemoral axis was considered a potential risk fac-
tor for PACDI due to its relationship to the localization of 
weight-bearing and loading forces in the knee.13 For a nor-
mal valgus tibiofemoral angulation of 5° to 7° the force load 
distribution within the knee joint is predominantly medial 
indicating a propensity for medial compartment injuries.13 A 
tibiofemoral angle deviating from the normal valgus angula-
tion will redistribute load across the knee joint. An exagger-
ated valgus angulation will distribute a greater than normal 
amount of load on the lateral compartment while in a varus 
deformity the load on the medial compartment rapidly 
approaches 100% of the total load in the knee.13 Based on the 
biological and physiological nature of partial delamination 
as viewed during arthroscopy shear forces were considered a 
relevant parameter leading to the induction of this type of 
injury. Therefore, the tibiofemoral angle was expected to 
correlate with the location and potential for delamination 
injury. The relative tibiofemoral axis calculated in this study 
can only be considered an approximation since the radio-
graphic images did not permit the inclusion of the mechani-
cal axis of the tibia. Furthermore, the femoral head was not 
visible preventing exact depiction of the femoral anatomic 
axis. However, localization of weight-bearing forces in the 
knee were well approximated since a relative tibiofemoral 
angle could be determined from patient radiographs (Figure 
2). Articular cartilage injury in the knee has already been 
shown to occur most commonly in the medial femoral con-
dyle, consistent with the fi ndings of this study.9 Therefore, 
the relative tibiofemoral angle for PACDI patients was 
expected to be on average less valgus than those without 
delamination injuries. Although the variations in tibiofemo-
ral angle were not statistically signifi cant a consistent aver-
age valgus deviation was noted (Table 3). While the relative 
tibiofemoral axis was suspected to play a more functional 
role in predicting delamination injury there were inherent 
fl aws associated with its calculation. However, despite the 
limitations, the noted consistencies warrant further investi-
gation into this matter under more stringent experimental 
controls. 

The presentation of pathology concomitant with articular 
cartilage damage was a common fi nding in this study. Such 
associations have been noted previously and were an 
expected outcome.1–3 The signifi cance of comorbid pathol-
ogy lies in what these relationships indicate regarding the 
mechanism of PACDI. Medial meniscus damage was the 
most consistent injury noted along with all articular cartilage 
pathology (Table 2). Although the nature of meniscal dam-
age was not a focus of this study, age-related variations in 
degenerative versus non-degenerative meniscus tears have 
been defi ned.1 The average age of articular cartilage injury 
(46.3 years) closely follows that of patients with degenera-
tive meniscal injuries (45.5 years).1 The relationship between 
articular cartilage pathology and the relative time course of 
degenerative changes in meniscus damage indicate a depen-
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dence of articular cartilage integrity on that of the meniscus 
tissue. The onset of meniscus damage and resulting exposure 
of adjacent articular cartilage to relatively increased loading 
and shearing forces may predispose the incitement of carti-
lage damage including partial delamination. However, such 
relationships do not imply that partial delamination is the 
result of continual erosion down to the deep layers of articu-
lar cartilage in these newly exposed areas following menis-
cal damage. Through arthroscopic imaging PACDI show an 
“orange peel” morphology displaying well-defi ned boarder 
of superfi cial articular cartilage with an abrupt loss of super-
fi cial and transitional zones and the subsequent exposure of 
the deep zone (Figure 1c). This description of injury implies 
a type of damage, which is characteristically the result of 
sudden impact involving shear forces concentrated on a 
weakened region of cartilage. Therefore, factors contribut-
ing to the structural weakening of articular cartilage, such as 
age-related changes, were suspected among the most proba-

Figure 1. (A) Cartilage fi brillation and fraying indicating a grade I–II injury. (B) Grade III chondral erosion without delamination. (C) Grade 
III partial cartilage delamination injury. (D) Grade IV cartilage erosion revealing exposed subchondral bone.

ble risk factors involved in predisposing patients to delami-
nation injuries.

Articular cartilage undergoes a number of biochemical 
changes during aging that lead to the increased risk of joint 
injury. Articular cartilage pathology is often defi ned though 
grading systems suggesting the progression of a single 
mechanism of injury to greater severity. Unfortunately, the 
unique nature of PACDI has caused its defi nition to often be 
restricted to the terms of the grading systems rather than 
gaining distinction as a specifi c type of injury. Nonetheless, 
each type of cartilage injury may represent variations in the 
manifestation of age-related changes. Fibrillation, including 
the mild splitting and fraying of the superfi cial cartilage lay-
ers, is indicative of cyclic loading and frictional deteriora-
tion.11 Without therapeutic intervention fi brillation may 
progress to deeper layers of cartilage and ultimately to the 
subchondral bone. Fibrillation may be well localized but 
often does not maintain consistency in depth. This type of 

A B

C D



83

Temple University Journal of Orthopaedic Surgery & Sports Medicine, Spring 2008

Figure 2. Standing AP radiograph of a right knee joint illustrating 
construction of the relative tibiofemoral angle.

pathological progression does not appear to account for 
PACDI due to their well-defi ned boarders and uniform expo-
sure of deep layers. Thus, it is suggested that PACDI relies 
heavily on the isolated degeneration of cellular and molecu-
lar constituents prior to experiencing the mechanical shear-
ing forces in the knee that ultimately result in injury. 

Chondrocytes, which are responsible for the synthesis and 
maintenance of the extracellular matrix throughout life, are a 
vital component in the degenerative processes involved in 
articular cartilage aging. The decline in chondrocyte num-
bers with age has been correlated with the increased fre-
quency of fi brillation in cartilage of the femur.14 Due to the 
lack of macrophages and the isolation of individual or small 
groups of chondrocytes in articular cartilage it is likely that 
apoptotic bodies eventually release their contents.11, 14 As a 
result, constituents such as proteases released from the apop-
totic bodies may be responsible for the deterioration of 
the surrounding extracellular matrix.14 As deep layer extra-
cellular matrix surrounding apoptotic chondrocytes begins 
to weaken the cartilage may become predisposed to 
delamination. 

The process by which aging effects chondrocyte apoptosis 
is potentially linked to the accumulation of oxidative stress. 
Human articular cartilage chondrocytes actively produce 
reactive oxygen species (ROS), which are capable of induc-

Age Distribution:

 Group N Mean Std Dev Minimum  Maximum

 I 152 48.17 11.73 18.00 74.00
 II 393 45.57 14.40 15.00 93.00
 III 328 33.53 14.44 16.00 86.00

Figure 3. Age distribution organized by patient group. Patient groups 
are defi ned by injury type: (A) Group I: non-articular cartilage 
(meniscal/ligamentous) injury, (B) Group II: non-delamination 
articular cartilage injury (NDACI), (C) Group III: partial articular 
cartilage delamination injury (PACDI).

(B) Group II: NDACI

(C) Group III: PACDI

(A) Group I: Meniscal/Ligamentous

ing cellular apoptosis.15 Cellular defenses against oxidative 
stress and free radical production include antioxidants such 
as oxidized glutathione and glutathione reductase. Studies 
indicate that the ratio of oxidized glutathione to reduced 
forms is greater in old versus young chondrocytes, indicat-
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ing that older articular cartilage is predisposed to damage by 
ROS.15 Smoking, which was found to be a signifi cant risk 
factor for delamination, has been indicated as a contributor 
to oxidative stress and the increase in carbon monoxide lev-
els leading to tissue hypoxia in articular cartilage.16

In conclusion, this study has indicated that signifi cant risk 
factors for partial articular cartilage delamination injury 
(PACDI) in the knee include age, smoking and race. Of the 
873 arthroscopic procedures reviewed 17.4% of patients 
were found to have a partial delamination injury. A possible 
mechanism of injury includes the localized deterioration of 
cartilage extracellular matrix following chondrocyte senes-
cence and apoptosis due to the cumulative effects of oxida-
tive stress on articular cartilage. The development of oxida-
tive stresses by age-related changes in combination with 
tobacco use may signifi cantly predispose patients to PACDI. 
This study has validated the clinical observation that there is 
a distinct increase in presentation of PACDI for patients 
greater than 37 years of age.
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cast immobilization for six weeks, weight-bearing cast and/
or rest, and management consisting of ORIF and/or bone 
grafting; 3) differences regarding return to activity between 
conservative management consisting of non-weight-bearing 
cast mobilization for six weeks, weight- bearing cast and/or 
rest, and surgical management; and; 4) complication rates 
for conservative and surgical treatment.

The stress fracture of the tarsal navicular was fi rst 
described in humans in a 1970 case study by Towne et al.1 
Early studies showed that it was a rare injury, accounting for 
only .7 to 2.4 percent of all stress fractures.2 As awareness of 
the injury has increased, so have the reported number of 
cases, with tarsal navicular stress fractures currently repre-
senting up to 14 percent of stress fractures in some series.3–5

In 1982, a retrospective study of 21 cases demonstrated 
that both uncomplicated, partial stress fractures and non-
displaced, complete stress fractures of the tarsal navicular 
heal with conservative treatment.10 Conservative treatment 
consisted of non-weight-bearing cast immobilization for 
6–8 weeks, followed by gradual weight-bearing in a boot for 
2–6 weeks until pain free. The effectiveness of this treatment 
has been reaffi rmed by several subsequently published stud-
ies.6, 9 It appears however that current management of this 
injury more frequently utilizes surgical intervention both as 
a fi rst line treatment or following failed treatment with 
weight-bearing conservative management due to pressure on 
both the athlete and the physician to have the athlete more 
quickly return to competition.7, 8 Saxena et al., in 2000, sug-
gested that surgical intervention will decrease the amount of 
time for an athlete to return to their activity level prior to 
injury.12 The most recently reported data by Saxena et al. in 
2006 contradicts this, demonstrating there is no signifi cant 
difference between surgical and conservative management.11 
In 1992, Khan et al. reported that non-weight-bearing cast 
treatment compares favorably with surgical treatment fol-
lowing failed weight-bearing treatment.6 A meta-analysis of 
previously reported outcomes of conservative and surgical 
management of tarsal navicular stress fracture studies may 
clarify the issue. 

Materials and Methods

A systematic review of the published literature of tarsal 
navicular stress fractures was conducted. We searched 
MEDLINE through Ovid, PubMed, ScienceDirect, and 

Abstract

Objective: The purpose of this paper is to provide a 
statistical analysis of previously reported tarsal navicular 
stress fracture studies regarding the outcome and effec-
tiveness of conservative and surgical management. 

Methods: A systematic review of the published litera-
ture was conducted utilizing MEDLINE through Ovid, 
PubMed, ScienceDirect, and EBSCOhost. Case reports 
of studies that provided the type of tarsal navicular stress 
fracture, i.e. complete or incomplete, type of treatment, 
result of that treatment, and the amount of time required 
to return to full activity were selected for analysis. Using 
a Mixed Generalized Linear Model with study as a ran-
dom effect and treatment as a fi xed effect, cases were 
separated and compared based on three different types of 
treatment: Conservative, weight-bearing permitted 
(WBR); Conservative, non weight-bearing (NWB); and 
Surgical treatment. The outcome of the treatment was 
recorded as either successful or unsuccessful based on 
radiographic and/or clinical healing of the fracture and 
time from onset of treatment to return to activity.

Results: There is no statistically signifi cant difference 
between NWB conservative treatment and surgical treat-
ment regarding outcome (P = .6441). WBR as a conserva-
tive treatment was shown to be signifi cantly less effective 
than either NWB or surgical treatment (P < 0.0001).

Conclusion: Non-weight-bearing conservative man-
agement should be considered the standard of care for 
tarsal navicular stress fractures. Our study suggests that 
patients are undergoing unnecessary surgical manage-
ment for these injuries.

Introduction

The purpose of this paper is to provide a systemic review 
and meta-analysis of previously reported tarsal navicular 
stress fracture (TNSF) studies regarding the outcome effec-
tiveness of conservative and surgical management by evalu-
ating four parameters: 1) the success rate and time of return 
to activity when incomplete and complete tarsal navicular 
stress fractures are managed with cast immobilization for six 
weeks or surgery; 2) the success rate for management of tar-
sal navicular stress fractures utilizing non-weight-bearing 

Supervised by the 
Offi ce of Clinical Trials
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EBSCOhost Reseach Database. The following search terms 
were entered and modifi ed according to the requirement of 
each database: “tarsal navicular” and “stress fracture” or 
“injury;” and “treatment” or “surgery” or “management.” In 
addition, we consulted reference lists. There were no restric-
tions on date of publication, publication status, or language. 
The search generated 31 articles, with 21 reports of 19 dif-
ferent trials. 

The data is presented as three subsets depending on 
parameter documentation. Subset I included studies that, in 
addition to fracture types and outcomes, reported details of 
patient history and imaging fi ndings. Subset II included 
studies that documented fracture types, successful/unsuc-
cessful outcomes, and time to return to activity. Subset III 
included reports limited to documentation of fracture type 
and successful/unsuccessful outcomes.

Case reports or series that provided the type of stress frac-
ture (complete or incomplete), type of treatment, result of 
that treatment, the amount of time required to return to full 
activity, and complications were selected. For purposes of 
analysis, the type of stress fractures reported were classifi ed 
as either “incomplete,” or “complete,” based upon the radio-
graphic and/or imaging information provided. The outcome 
of the treatment was considered “unsuccessful” if the patient: 
1) continued to have pain following the end of treatment; 2) 
was unable to return to their previous sporting level; or 3) 
experienced a recurrence of the fracture. A “successful” out-
come was one in which the patient was pain free, able to 
return to previous activity level, and did not have recurrence 
of the fracture. 

The cases were separated into three groups based on the 
type of treatment: 1) conservative, weight-bearing permit-
ted; 2) conservative, non weight-bearing; and 3) surgical 
treatment. The cases were classifi ed based upon whether or 
not the treatment modality was the initial treatment, or sec-
ondary treatment following a failed initial therapy. The 
majority of cases with failed initial therapy involved weight-
bearing, therefore our analysis primarily compares non 
weight-bearing conservative treatment with surgical inter-
vention. The outcome was recorded as either successful or 
unsuccessful, based on the stated criteria. Sources of varia-
tion within and among the groups examined include: type of 
fracture, time elapsed until onset of treatment; type of treat-
ment; age; and gender. Statistical analysis was performed 
using a mixed generalized linear model with study analyzed 
as a random effect (assumes heterogeneity among studies) 
and treatment, fracture type, age and sex as fi xed effects. The 
9 SAS v9.1 statistical software (SAS institute, Cary NC) was 
used for all analyses. ANOVA and Fisher’s exact test was 
calculated for comparisons using a two-tailed p value sig-
nifi cance level of ≤0.05. 

Results

Two hundred and eighty-one tarsal navicular stress frac-
tures were identifi ed in the peer review literature and included 
in this analysis. 

Subset I

In subset I, seventeen trials with 120 cases that met the 
inclusion criteria were analyzed. As described, the cases 
were separated into three groups, and the mixed generalized 
linear model was used to examine random effect. It was 
determined that of the variations examined, only the type of 
treatment was statistically signifi cant regarding a successful 
outcome (P = .0002). The data indicates the propensity of 
tarsal navicular stress fractures to respond to treatment was 
independent of fracture type, i.e. partial vs. complete. Fifty 
incomplete fractures and twelve complete fractures were 
treated conservatively, compared to thirteen incomplete frac-
tures and twelve complete fractures treated surgically. The 
type of fracture was not a statistically signifi cant when 
 comparing NWB-conservative and surgical treatment with 
regards to a successful outcome (P = 0.994) (Table 2).

Comparing the modes of treatment there was no statisti-
cally signifi cant difference between NWB Conservative 
treatment and Surgery (P = 0.6441). There was a statistically 
signifi cant difference between WBR conservative treatment, 
and NWB conservative (P = 0.0001) and surgical treatment 
(P = 0.0003) (Table 1).

Table 1. Differences of Treatment Least Square Means

Treatment 1 Treatment 2 P

NWB SURG 0.6441
NWB WBR <0.0001
SURG WBR 0.0003

Analysis of Subset I data further determined the outcomes 
(fracture healing) were not statistically different compar-
ing fracture type (P = 0.9943), time of onset of treatment 
(P = 0.7008), age of patient (P = 0.3323) or sex of patient 
(P = 0.1255) (Table 2).

Table 2. Analysis of Subset I

Effect F Value P

Fracture Type 0.00 0.9943
Onset of Treatment 0.15 0.7008
Type of Treatment 9.25 0.0002
Age 0.95 0.3323
Sex 2.39 0.1255

Subset II

Having demonstrated that the type of fracture was not a 
statistically signifi cant variable regarding success of out-
come, a more comprehensive data analysis was performed 
incorporating other published studies which provided statis-
tical summaries of fracture healing and time to return to 
activity outcomes. Data analysis included outcome success 
and return to activity for two-hundred fi fty tarsal navicular 
stress fractures reported in the literature between 1970 and 
2005. Seventy of the seventy-three fractures (96%) initially 
treated with non-weight-bearing cast immobilization for 6 
weeks had a successful outcome with return to activity on an 



87

Temple University Journal of Orthopaedic Surgery & Sports Medicine, Spring 2008

average 4.9 months. Only forty-one of the ninety-two 
(44.5%) initially treated with weight-bearing rest and/or cast 
immobilization experienced a successful outcome with 
return to activity on an average 5.7 months. Fifty-four of 
sixty-six fractures (82%) initially treated surgically had a 
successful outcome with return to activity on an average 5.2 
months (Tables 3 and 4).

We further analyzed and compared the effectiveness of 
non-weight-bearing treatment with surgical intervention as 
secondary treatment modalities followed failed weight-
bearing management. The same sources of variation were 
examined as for the cases of initial treatment. Again, there 
was no statistically signifi cant difference between the treat-
ment methods (P = 0.5783) (Table 5).

Subset III 

Potter et al. reported 32 fractures in 26 subjects. Treat-
ment outcomes were not statistically signifi cant for pain (P = 
0.984) or function (P = 0.170) between non-weight-bearing 
cast immobilization and surgical fi xation.31 

Analysis of Secondary Treatment

We further analyzed and compared the effectiveness of 
non weight-bearing treatment with surgical intervention as 

secondary treatment modalities followed failed weight-
bearing management. The same sources of variation were 
examined as for the cases of initial treatment. Again, there 
was no statistically signifi cant difference between the treat-
ment methods (P = .5783) (Table 5). 

Discussion

There is strong evidence supporting the effectiveness of 
proper conservative management for both partial and non-
displaced, complete stress fractures of the tarsal navicular. 
Case series or reports from Ostlie,24 Alfred,23 Murray,22 
Towne,1 Goergen,14 Ariyoshi,15 Miller,28 and Ting13 all 
reported a 100% success rate when non-weight-bearing 
management of at least six weeks was utilized. The data also 
strongly reaffi rms that weight-bearing rest or limited activity 
as a conservative treatment often leads to an unsuccessful 
outcome, including: delayed or non-union, re-fracture, frac-
ture progression, or recurrence of symptoms.1, 6–8, 10, 16, 27 

In 1982, Torg et al., in a multi-institutional study, analyzed 
twenty-one stress fractures of the tarsal navicular bone in 
nineteen patients with particular reference to the clinical and 
radiographic characteristics, the results of treatment, and the 
complications associated with the fracture.10 In addition, 

Table 3. Summary of Subset I and Subset II Reports and Success of Various Initial Treatment Modalities

Torg
1982
21

Fitch
1989
22

Kahn
1992
86

Bojanic
1997
18

Saxena
2000
22

Saxena
2006
19

Burne
2005
20

Others*
30

Totals
250

NWB/cast
6 wks

10/10 19/22 18/18 6/6 2/2 15/15 70/73
96%

NWB/cast
<6 wks

9/13 4/5 4/4 17/22
77%

WBR 2/9 13/18 9/34 8/13 8/13 1/5 41/92
45%

Surgery** 2/2 12/16 12/20 9/9 13/13 6/6 54/66
82%

** “Others” include authors: Ostlie, Alfred, Murray, Goergen, Ariyoshi, Miller, Gordon, Ting, Towne, Dennis, and Roper.
**Surgery includes ORIF and/or bone grafting, and ossicle excision.

Table 4. Summary of Subset I and Subset II Reports on Average Time to Return Activity in Months

Torg
1982
21 

Fitch
1989
22

Kahn
1992
86

Bojanic
1997
18

Saxena
2000
22

Saxena
2006
19

Burne
2005
20

Others*
23

Totals
250

NWB/cast
6 wks

3.9 5.6 6 4 5.7 4.9

NWB/cast
<6 wks

3.7 4.2 3.7

WBR 5.5 10 5.8 4.3 3 5.7

Surgery** 6 8 5.4 3.1 3.7 4.9 5.2

**“Others” include authors: Ostlie, Alfred, Murray, Goergen, Ariyoshi, Miller, Gordon, Ting, Towne, Dennis, and Roper.
**Surgery includes ORIF, bone grafting, and ossicle excision.
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microangiographic studies were done on fi ve fresh human 
cadaver specimens to determine the vascular patterns pecu-
liar to the tarsal navicular bone.

The fractures occurred predominantly in young male ath-
letes (mean age 21.8 years). Because routine radiographs 
failed to show the fracture, or showed it diagnosis ranged 
less than one month to thirty-eight months (mean interval, 
7.2 months). For fourteen of the twenty-one lesions, radio-
nuclide bone scans were needed to locate the abnormality in 
the tarsal navicular and for seventeen, anteroposterior tomo-
grams made with the dorsum of the foot parallel to the diag-
nosis of fracture (in fourteen) or to evaluate further the stage 
of healing (in three).

The characteristic fracture was oriented in the sagittal 
plane and located in the central one-third of the bone, and 
was either partial or complete. Initially, nineteen fractures 
were treated conservatively and two were treated surgically. 
Treatment included immobilization in a non-weight-bearing 
cast for six to eight weeks for ten fractures; immobilization 
in a weight-bearing cast for four; limitation of activity with 
continued weight-bearing for fi ve; open reduction and inter-
nal fi xation for one acute displaced fracture; and an autoge-
nous bone graft for one non-union. All ten fractures that 
were initially treated in non-weight-bearing casts healed 
without complications. Seven of the nine patients whose 
fractures were treated by limitation of activity but continued 
weight-bearing or by immobilization in a weight-bearing 
cast were unable to resume vigorous activity after that treat-
ment because of pain associated with delayed union, non-
union, or recurrence of the fracture.

In 1989, Fitch et al. reported on the management of thirty-
seven stress fractures of the tarsal navicular.8 Thirteen of the 
eighteen fractures treated with either plaster immobilization 
or rest with continued weight-bearing received a satisfactory 
result with resumption of activities on an average of ten 
months. They reported successful outcomes with twelve of 
the sixteen fractures treated surgically with an average return 
to activities of eight months. After reviewing the results of 
Torg et al., the paper stated that they now treat recent frac-
tures with eight to ten weeks of non-weight-bearing in a cast. 

However, Fitch et al. still consider autogenous bone graft as 
the treatment of choice for complete fracture and those that 
develop a medullary cyst. 

In 1992, Kahn et al. reported on the outcomes of conser-
vative and surgical management of eighty-six navicular 
stress fractures of athletes.6 Nineteen of twenty-two patients 
(86%) who had initial non-weight-bearing cast immobiliza-
tion returned to sports activities on an average 5.6 months as 
compared to only twelve of the forty patients (30%) who 
initially had continued weight-bearing with limited activity 
with an average return to activity time of 9.3 months. They 
also reported a successful outcome for 5 of the 6 patients 
(83%) who initially underwent surgical treatment with aver-
age return to activities of 3.8 months. It should be noted that 
two of these patients simply had small ossicles removed, 
with no reported fracture. As a secondary treatment follow-
ing failed weight-bearing conservative management, 9 of the 
10 patients (90%) treated with non weight-bearing cast 
immobilization healed in comparison to 13 of the 21 patients 
(61%) who underwent surgery. These results led the authors 
to conclude that non-weight-bearing cast immobilization is 
the treatment of choice for tarsal navicular stress fractures, 
and that this treatment also compares favorably with surgical 
treatment in patients who present after failed weight-bearing 
treatment.

In 1997, Bojanic reported on eighteen tarsal navicular 
stress fractures treated with a non-weight-bearing short leg 
cast for six to eight weeks, all of whom returned to resump-
tion of full athletic activities on the average of six months.26

Saxena et al. reported two series, one consisting of twenty-
two navicular stress fractures, nine of which underwent 
ORIF with average return to activity of 3.1 months (range 
1.5–5 months).11, 12 Thirteen patients were treated conserva-
tively with a weight-bearing regiment and eight of the thir-
teen fractures had favorable outcome with a return to activity 
of 4.3 months (range 2–13 months). Five of the 13 had an 
unsatisfactory outcome and surgery was recommended for 
both incomplete and complete fractures as well as those with 
cystic changes and sclerosis. 

In 2006, Saxena11 presented a second series of nineteen 
fractures in athletes. Six who where treated successfully in a 
non-weight-bearing plaster cast with an average return to 
activities at 4 months and thirteen of who were treated by 
ORIF with an average return to activity in 4.1 months. Com-
bining the fi ndings of these two series, twenty-three have 
had surgery and eighteen were treated non-operatively. The 
difference in return to activity between the treatment groups 
was not statistically signifi cant, and they concluded that tar-
sal navicular stress fractures take four months to heal with 
non-operative or operative treatment.

In 2005, Burne et al. reported on twenty tarsal navicular 
stress fractures and observed that “the published recommen-
dation of minimum of six weeks non-weight-bearing cast 
treatment does not appear to be translated into clinical man-
agement; few patients seem to receive this treatment today.”7 

Table 5. Results of Secondary Treatment Following Failure 
of Initial Weight Bearing Rest/Cast Management

Treat-
ment Variable N Mean

Std. 
Dev. Min. Max.

NWB Age 3 17.6 4.04 14 22
Onset Tx* 3 6 7.0 1 14
Weeks in Cast/Boot 3 4.6 1.2 4 6
Time to Full Activity 
 Return**

3 7.6 3.5 4 11

SURG Age 18 23.5 8.0 15 45
Onset Tx* 18 4.27 6.1 — 24
Weeks in Cast/Boot 17 16.8 13.4 2 44
Time to Full Activity 
 Return**

17 6.82 1.8 3 8

 *The number of months from the time of injury to the onset of treatment.
**The number of months it took the patient to return to full activity.
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Burne et al. found that the clinical outcome of alternative 
therapies were inferior to that which is reported for cast 
immobilization. They also stated that “there is limited evi-
dence to support surgical intervention as a fi rst line of man-
agement” and suggest that the large variance in different 
surgical approaches “may refl ect a lack of consistently satis-
factory outcomes.” They also noted that tarsal navicular 
stress fractures prevented almost half of the participants in 
their study from returning to sports at their previous level. 

In 2004, Lee and Anderson published a case report in 
which they observed that “because most injuries occur in the 
dedicated athlete, prolonged conservative treatment options 
may be unsatisfactory.”25 They reported a case of a twenty-
eight year old professional football player, who spent two 
weeks in non-weight-bearing cast, in whom surgical inter-
vention was under taken because of his high demand and his 
“desire to return to professional level as soon as possible.” 
Also to be noted, to justify the cause of surgical intervention, 
they have misinterpreted Kahn’s data stating that the average 
return to activity was 3.8 months, when actually it was 5.4 
months, the same as the 5.6 months return to activity for 
non-weight-bearing cast immobilization for six weeks.

Worthy of note was Ronald Quirk, MD’s Presidential 
Guest Lecture to the North American Foot and Ankle in 1998 
when he stated that “all patients, no matter how long their 
history, are to be placed for six weeks on crutches and a 
below knee non-weight-bearing cast. This has been success-
ful even in several patients who previously failed surgery.” 
He also pointed out that post operative complications include 
non-union, recurrence of a fracture, and progress and partial 
fracture to complete fracture.30

The recent literature suggests that patients are undergoing 
surgery or are receiving weight-bearing conservative man-
agement as a fi rst line treatment option with the expectation 
that they will return to their activity more quickly.7, 11, 12 
Although surgical treatment seems increasingly common, it 
remains largely underreported in the literature. It is the con-
tention of the authors that many patients are undergoing 
unnecessary surgical management for these injuries. 

Conclusion

There is no statistically signifi cant difference between 
non-weight-bearing conservative management and surgical 
fi xation regarding successful outcome (P = 0.6441) or time 
to return to activity. It is concluded that conservative non-
weight-bearing management is the standard of care for ini-
tial treatment of both partial and complete stress fractures of 
the tarsal navicular. 

References

 1. Towne LC, Blazina ME, Cozen LN. Fatigue fracture of the navicular. 
J Bone Joint Surg Am 1970; 52:376–8.

 2. Coris EE, Lombardo JA. Tarsal navicular stress fractures. Am Fam Phy-
sician 2003; 67:85–90.

 3. Khan KM, Brukner PD, Keanney C, Fuller PJ, Bradshaw CJ, Kiss ZS. 
Tarsal navicular stress fracture in athletes. Sports Med. 1994; 17: 
65–76.

 4. Brukner P, Bradshaw C, Khan KM, White S, Crossley K. Stress frac-
tures: A review of 180 cases. Clin J. Sports Med. 1996; 6:85–9.

 5. Bennel KL, Malcolm SA, Thomas SA, Wark JD, Brukner PD. The inci-
dence and distribution of stress fractures in competitive track and fi eld 
athletes. A twelve-month prospective study. Am J Sports Med. 1996; 
24; 211–7.

 6. Khan KM, Fuller PJ, Brukner PD, Kearney C, Burry HC. Outcome of 
conservative and surgical management of navicular stress fracture in 
athletes: Eighty-six cases proven with computerized tomography. Am J 
Sports Med. 1992; 20; 657–666.

 7. Burne SG, Mahoney CM, Forster BB, Koehle MS, Taunton JE, Khan 
KM. Tarsal navicular stress injury: long-term outcome and clinicoradi-
ological correlation using both computed tomography and magnetic 
resonance imaging. Am J Sports Med. 2005; 33; 1875–1881.

 8. Fitch KD, Blackwell JB, Gilmour WN. Operation for non-union of 
stress fractures of the tarsal navicular. J Bone Joint Surg [Br] 1989; 
71-B: 105–110.

 9. Hulkko A, Orava S, Peltokallio P, Tulikoura I, Walden M. Stress frac-
ture of the navicular bone: Nine cases in athletes. Acta Orthop Scand. 
1985; 56: 503–5.

10. Torg JS, Pavlov H, Cooley LH, et al. Stress fractures of the tarsal navic-
ular: A retrospective review of twenty-one cases. J Bone Joint Surg 
[Am]. 1982; 64-A; 700–12.

11. Saxena A, Fullem B. Navicular stress fractures: A prospective study on 
athletes. Foot Ankle Int. 2006; 27(11): 917–21.

12. Saxena A, Fullem B, Hannaford D. Results of treatment of 22 navicular 
stress fractures: A new proposed radiographic classifi cation system. 
J Foot Ankle Surg. 2000; 39:96–103.

13. Ting A, King W, Yocum L, Antonelli D, Moynes D, Kerlan R, Jobe F, 
Wong L, Bertolli J. Stress fractures of the tarsal navicular in long-
distance runners. Clinics in Sports Medicine 1988: Vol. 7, No. 1; 89–101.

14. Goergen TG, Venn-Watson EA, Rossman DJ, Resnick D, Gerber KH. 
Tarsal navicular stress fractures in runners. Am J Roentgenol 1981;
136:201–3.

15. Ariyoshi M, Nagata K, Kubo M, Sonoda K, Yamada Y, Akashi H, Sato 
S. MRI monitoring of tarsal navicular stress fracture healing: A case 
report. Kurume Medical Journal 1998; 45:223–225.

16. Dennis L, Lombardi CM. Stress fracture of the tarsal navicular: Two 
unusual case reports. J Foot Surg. 1988; Nov-Dec; 27(6):511–4.

17. Roper RB, Parks RM, Haas M. Fixation of a tarsal navicular stress frac-
ture: A case report. J Am Podiatr Med Assoc. 1986; Sep; 76(9):521–4.

18. Hunter, LY. Stress fracture of the tarsal navicular: More frequent than 
we realize? Am J Sports Med. 1981; 9:217–219.

19. Kiss ZS, Khan KM, Fuller PJ. Stress fractures of the tarsal navicular 
bone: CT fi ndings in 55 cases. Am J Roentgenol 1993; 160:111–115.

20. Choi LE, Chou LB. Surgical treatment of tarsal navicular stress frac-
tures. Oper Tech Sports Med 2006; 14:248–251.

21. Coughlin, MJ. tarsal navicular stress fractures. Techniques in Foot and 
Ankle Surgery. 2002; 1(2):112–122.

22. Murray SR, Reeder M, Ward T, Udermann BE. Navicular stress frac-
tures in identical twin runners: high risk fractures required structured 
treatment. Physician and Sports Medicine. 2005; Jan 33(1):28–33.

23. Alfred RH, Belhobek G, Bergfeld JA. stress fracture of the tarsal navic-
ular: A case report. Am J Sports Med. 1992; 20:766–8.

24. Ostlie DK, Simons SM. Tarsal navicular stress fracture in a young 
 athlete: case report with clinical, radiological, and pathophysiologic 
correlations. J Am Board Fam Pract. 2001; 14:381–5.

25. Lee S, Anderson RB. Stress fracture of the tarsal navicular. Foot Ankle 
Clin N Am. 2004; 9:85–104. 

26. Bojanic I, Pecina MM. Algorithm for non-operative treatment of partial 
tarsal navicular stress fractures in athletes. Rev Chir Orthop Repara-
trice Appar Mot. 1997; 82(2):133–8.

27. Helstad PE, Ringstrom JB, Erdmann BB, Jacobs PM, Julsrud ME. 
Bilateral stress fractures of the tarsal navicular with associated avascu-
lar necrosis in a pole vaulter. J Am Podiatr Med Assoc. 1996; Nov. 
86(11):551–4.

28. Miller JW, Poulos PC. Fatigue stress fracture of the tarsal navicular: A 
case report. J Am Podiatr Med Assoc. 1985; Aug. 75(8):437–9.

29. Gordon GM, Solar J. Tarsal navicular stress fracture. J Am Podiatr Med 
Assoc. 1985; Jul. 75(7):363–6.

30. Quirk, R. Stress fractures of the navicular: President’s guest lecture. 
Foot Ankle Int. 1998; Jul. 19(7): 494–6.

31. Potter, NJ, Brukner PD, Makdissi M, Crossley K, Kiss ZS. Navicular 
Stress Fractures: Outcomes of surgical and conservative management. 
Br J Sports Med. 2006; Aug. 40(8):692–695.



90

Medical Student Research Project

Gunshot Extremity Fractures with Neurologic Injury
OMAR BEIDAS, BS,1 JOHN PARRON, MD,2 HEATHER KULP, BSN, MPH,3 

JOANNE DONNELLY,2 SAQIB REHMAN, MD2

1School of Medicine, 2Department of Orthopaedic Surgery, 3Department of Surgery, 
Temple University, Philadelphia, PA

Finally, the TUH Pennsylvania Trauma Systems Founda-
tion (PTSF) database was searched using Report Wrighter 
(Digital Innovations) using the ICD-9 codes (both diagnosis 
codes and E-codes) for gunshot wounds, neuropathy, nerve 
injuries, and extremity fractures. 

Various demographics were recorded for each patient: 
age, gender, race, and date of injury. In addition, injury-
related information such as wound location; number of 
wounds; injury severity score (ISS). Finally, other pertinent 
information was noted including but not limited to patient 
history and complications.

All patients were sent a letter with return envelope via 
postal mail in order to follow-up with their condition since 
their accident date. If patients agreed to return to the hospital 
to fi ll out questionnaires, they were contacted to set up an 
appointment. At that time, they signed consent forms and 
fi lled a questionnaire regarding their post-injury status the 
short musculoskeletal function assessment (sMFA) to deter-
mine the current health status of each patient in the study.21, 22 
Nerve recovery was determined according to the widely used 
and accepted Medical Research Council Grading System for 
Nerve Recovery.

Results

Results from all three sources (hospital medical records, 
orthopaedic database, trauma database) were cross-referenced. 
The hospital medical record search identifi ed thirty-six 
patients: 14 with upper extremity open wounds, 13 with 
upper extremity open fractures, 8 with lower extremity open 
wounds, and 1 with lower extremity open fractures. Since 
there were some duplicate patients, the fi nal list came out to 
29 patients. The orthopaedic database identifi ed 453 patients 
during this same period, 27 of which also had peripheral 
nerve injury. The PTSF database search identifi ed a total of 
28 patients from the same time period. Amongst the three 
sources, patients found on more than one list were 
eliminated. 

During the study period, a total of 1851 patients aged 18 
and older were admitted with gunshot injuries. Of these, 895 
(46%) involved at least one extremity and 382 (21%) had 
concomitant fractures. A total of 74 patients were identifi ed 
as having gunshot injuries to the extremities with neurologi-

Introduction

Greater than 30,000 fatal and 70,000 non-fatal injuries 
result from fi rearms each year in the US.1 The number of 
civilian deaths in the US due to gunshot injuries is greater 
than the combined total of US soldiers killed in all the wars 
ever fought.2 With the increasing numbers of civilian gun-
shot injuries it is becoming increasingly important for sur-
geons to understand the complications that may accompany 
them. Orthopaedic injuries from gunshot wounds with bone, 
vascular, muscle, joint, or soft tissue involvement has been 
thoroughly studied.9–15, 18 The incidence and prognosis for 
neurologic injury from civilian low velocity gunshot wounds 
is not well documented. Furthermore, risk factors for neuro-
logical injury and poor outcomes have not been well-identi-
fi ed. The purpose of this study is to determine the incidence 
of gunshot wounds to the extremities with concomitant neu-
rological injury and whether or not fractures are risk factors 
for neurologic injury. It is our hypothesis that neurologic 
injuries are more likely to occur with concomitant fracture 
and that neurologic function typically recovers in these 
patients. 

Materials and Methods

The study was conducted at Temple University Hospital 
(TUH), an urban level 1 trauma center with a high volume of 
low velocity civilian gunshot injuries. Medical records were 
reviewed during the period between January 2002 and June 
2007. Three methods were used to identify patients with 
gunshot injuries to the extremities (with and without frac-
tures) with peripheral neurological injury.

Four separate hospital medical record searches were per-
formed with the following criteria: (1) upper extremity gun-
shot wounds with nerve injury; (2) upper extremity gunshot 
wounds with nerve injury and open fractures; (3) lower 
extremity gunshot wounds with nerve injury, and (4) lower 
extremity gunshot wounds with nerve injury and open 
fractures. 

An orthopaedic inpatient database was utilized to retrieve 
additional records. Using the search term “GSW,” patients 
with gunshot injuries were identifi ed. These were then 
reviewed and patients with concomitant neurological injury 
were identifi ed. 

Supervised by the 
Offi ce of Clinical Trials
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cal injuries. Of these patients 53 (72%) patients had at least 
one accompanying bone fracture and 15 (20%) patients suf-
fered additional vascular injury, with eleven (15%) of those 
having both types of injuries. Over this fi ve-year period, we 
therefore report a 14% incidence of gunshot extremity frac-
tures resulting in neurologic injuries. Neurologic injury from 
gunshot injuries to the extremities without fractures, on the 
other hand, occurred with an incidence of only 4%. 

Patient questionnaires (sMFA) and clinical evaluation 
(Medical Research Council Grading) are ongoing at this 
time and not completed.

Discussion

Firearms are the leading cause of death for Americans 
between the ages of 15 and 24, second only to unintentional 
injuries. As the number of fi rearms in the US passes 300 mil-
lion, or almost half the total fi rearms worldwide, our emer-
gency departments are receiving more and more patients 
with injuries infl icted by these dangerous weapons. Studies 
have shown that possession of a fi rearm increases the chances 
of being murdered by 41 percent for every individual in the 
household4 and 22 times more likely to be shot with a gun in 
the household.6

Most urban gunshot violence is due to low velocity hand-
guns. Handguns account for one third of the fi rearms amongst 
civilians in the US but are the cause of more than two-thirds 
of gun-related deaths,5 highlighting the need for the medical 
community to be familiar with the prognosis and nature of 
gunshot injuries. The City of Philadelphia sees an average of 
more than one gun-related fatality each day and a crime rate 
almost three times the national average.7, 8 It is imperative 
that orthopedic surgeons be aware of these fi ndings as Brown 
et al. reported that gunshot injuries consume a large portion 
of orthopedic resources: 24% of all admissions, 14% of all 
surgery cases, 15% of all fractures requiring surgical inter-
vention, 26% of all trauma cases, 32% of inpatient days, and 
33% of the average daily census at certain urban trauma 
centers.20

Neurologic damage from projectile missiles can occur 
due to blast effect or less commonly due to physical disrup-
tion of the nerve itself. However, neurologic injury can also 
occur with fractures typically due to stretch injury resulting 
in neurapraxia. Sunderland showed in 1972 that in military 
gunshot injuries, 25% of these injuries resulted in neurologic 
injury.17 Furthermore, he documented that peripheral nerve 
injuries recovered in 68% of these patients. However, this 
phenomenon has not been well described in civilian gunshot 
injuries despite its relative common occurrence in urban 
trauma centers. Furthermore, it can be speculated that since 
nerve injury is more likely to occur in the presence of skel-
etal instability, gunshot fractures should have a higher rate of 
neurologic injuries than gunshot injuries to the extremities 
without fractures. Indeed, we demonstrated an incidence of 
neurologic injury in 14% of patients who had a gunshot 

extremity fracture compared with 4% of patients with gun-
shot injuries to the extremities. We can conclude that frac-
tures are a risk factor for neurologic injury in patients with 
civilian gunshot violence to the extremities. Unfortunately, 
we have not yet completed our patient follow-up and are not 
able to report on the rate and degree of neurologic recovery 
or patient outcomes. Nevertheless, the retrospective data 
from this study highlights this increased risk and the impor-
tance of careful neurologic examination upon presentation.
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We report a novel way of performing a mini-incision com-
partment fasciotomy of the leg using an endoscopic vein har-
vester. This allows for endoscopic visualization of the fas-
ciotomy as well as cauterization, rather than sharp dissection 
of tissue. 

The endoscope used in our case was the Datascope Clear-
Guide System (Datascope Corporation, Montvale, NJ). This 
endoscopic instrument is commonly used for the harvesting 
of GSV grafts during CABG surgeries. It consists of an 
endoscope with a clear plastic hemi dome superiorly at its 
tip. The fl oor of the tip of the endoscope is free and allows 
for working in the tissues with the use of the ClearGuide 
Precision Bipolar electrocautery. The endoscope has a pistol 
shaped handle at its end that allows for easy maneuverability 
(Figure 1). The electrocautery is held with the opposite hand. 
It functions for both electrocautery as well as cutting. The 
bipolar instrument has a notched tip with a blade that can be 
extended into the notch. Electrocautery is applied through 
the blade which is one pole of the bipolar electrodes. The 
end of the bipolar instrument is also an alligator jaw which is 
used to apply cautery to any vessels not cauterized by the 
blade. The endoscope allows for working space underneath 
its dome with the tip of the electrocautery in the middle. 

Carbon dioxide gas is delivered through a port in the 
endoscope retractor at 2–3 liters of fl ow. The gas clears fog 

Abstract

Exertional compartment syndrome of the leg is a con-
dition in which an individual can have signs and symp-
toms, such as pain, swelling, tightness, from transiently 
elevated intracompartmental pressures of the leg. The 
condition may require fasciotomies in order to prevent 
recurrent symptoms with activities. Fasciotomies can be 
performed with the use of mini-incisions, which can 
decrease the morbidity of the surgery, but may risk injury 
to neurovascular structures due to compromised visual-
ization. We report a novel way of performing a mini-inci-
sion compartment fasciotomy of the leg using an endo-
scopic vein harvester. 

A standard mini-incision was made during surgery. 
However, the fasciotomy was able to be performed under 
endoscopic visualization at all times with the use of the 
endoscope and electrocautery. Postoperatively the patient 
had no signs of neurovascular damage from the surgery. 
Our patient was able to return to running at approximately 
two weeks. We believe that a lower extremity fasciotomy 
using an endoscopic vein harvester is promising in that 
direct visualization is afforded and bleeding is minimized 
with electrocautery.

Introduction

The mini-incision compartment fasciotomy of the leg is 
usually undertaken for the treatment of exertional or exercise-
induced compartment syndrome. This procedure entails 
making a small incision laterally on the leg for the relief of 
the anterior and lateral compartments. Occasionally, a medial 
incision is also utilized for relief of the less common poste-
rior exertional compartment syndrome. Once the lateral inci-
sion is made, the intermuscular septum is identifi ed. Small 
incisions are made anterior and posterior to the septum on 
each of the compartments. These fasciotomy incisions are 
then normally extended proximally and distally with either a 
fasciotome or scissors. The cuts are usually made blindly, 
relying completely on anatomical knowledge for the avoid-
ance of the neurovascular structures. In addition, they do not 
allow for the control of bleeding in the case of a transection 
of a vessel. Figure 1
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and plume from the operative fi eld created by the cautery 
bipolar blade.

Case

The patient is a 17-year-old female avid soccer player 
who complained of pain to bilateral lower legs with exertion. 
Radiographs and a bone scan were negative for fractures. 
Compartment pressures measured in the offi ce suggested 
exertional compartment syndrome. A mini-incision anterior 
and lateral compartment fasciotomy was planned and proper 
consents were obtained.

After induction of general anesthesia, tourniquets were 
placed in both lower extremities. The lower extremities were 
prepped and draped in the usual sterile fashion. A 4-centimeter 
(cm) longitudinal incision was made at the upper and mid-
third junction of the lateral leg midway between the lateral 
crest of the tibia and the fi bula. The anterior intermuscular 
septum was palpated and the incision was attempted to be 
centered over this area. Dissection with the Metzenbaums 
was done down to the fascia. The intermuscular septum was 
visually identifi ed. Right angle retractors were used to facili-
tate visualization of the fascia. A #15 blade was then used to 
make a small transverse incision at the anterior and lateral 
compartment, each incision about 1 cm away from the sep-
tum. The vein harvesting endoscope was then introduced 
into the wound (Figure 2). A subcutaneous dissection plane 
was created while directing the endoscope in the direction of 
the great toe distally (Figure 3). Dissection of the anterior 
muscular fascia was then performed under direct visualiza-
tion via the endoscope monitor (Figure 4). By transillumi-
nation through the subcutaneous tissue and the skin, the 
location of the endoscope edge was easily visualized from 
the outside of the leg. Hemostasis was achieved by the 
extended blade or by applying the endoscopic bipolar for-
ceps. Once the fascia was satisfactorily opened distally and 
hemostasis assured, the endoscope was the introduced proxi-
mally while aiming it towards Gerdy’s tubercle. In a similar 
fashion, the lateral compartment was then released using the 
same skin incision. The lateral fasciotomy was undertaken 
by dissecting distally with the endoscope and endoscopic 
electrocautery while aiming the instruments towards the cal-
caneus. Once a satisfactory fasciotomy was achieved dis-
tally, the endoscope was redirected proximally while aiming 
it towards the fi bular head but staying 4 cm distal to it.

The skin wounds were irrigated and closed in layers. The 
subcutaneous tissue was approximated with a braided 
absorbable suture and at the skin with a subcuticular non-
absorbable suture. Compression dressings were placed. 
Once awake, the superfi cial and deep peroneal nerves were 
examined to be intact. The patient was discharged home on 
aspirin for deep venous thrombosis prophylaxis.

At 2 weeks postoperative, the patient was already engag-
ing in light running. Figure 5 shows her left leg scar at 6 
weeks after the operation. At this time, full unrestricted 
sports activity was permitted.

Figure 2. The endoscope is introduced through the mini-incision 
over the anterior intermuscular septum.

Figure 3. The endoscope is advanced in the direction of the assis-
tant’s thumb, towards the great toe, while dissecting the anterior 
compartment of the leg.

Figure 4. The endoscope is advanced while maintaining visualiza-
tion of the fascia as well as any nearby neurovascular structures.
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Discussion

We report the use of an endoscopic vessel harvester for the 
performance of a mini-incision compartment fasciotomy of 
the leg. While this instrument is commonly used in the fi eld 
of cardiothoracic surgery, no report in the literature shows its 
use in the performance of a lower leg compartment fas-
ciotomy. Recent papers in the literature have reported on 
similar endoscopic fasciotomies for exertional compartment 
syndrome using standard arthroscopes. In some of the reports 
with larger case numbers, Fontes and group present a retro-
spective review of 41 forearm decompressions for chronic 
exertional compartment syndrome of the forearm.1 They 
reported on four complications — two hematomas and two 
lateral epicondylitis, with no adverse long-term effects. More 
specifi c to the lower extremity, several reports in the litera-
ture have discussed the use of the arthroscope in the perfor-
mance of endoscopic-assisted lower extremity fasciotomy in 
both cadaveric specimens and patients.

In 1999, Ota and group described a technique to release 
the anterior fascia using a transparent outer tube from Uni-
versal Subcutaneous Endoscope (Biomet, Warsaw, IN) and a 
4.0 mm arthroscope.2 This allowed for visualization of the 
working tissue. The fascial cut was performed with the use 
of a retrograde arthroscopic blade. They reported a success-
ful result.

In 2002, Leversedge et al.3 performed anterior and lateral 
compartment fasciotomies in 14 matched, fresh-frozen, 
cadaveric specimens using a 30 degree endoscope, Metzen-
baum scissors, and an endoscopic retractor. Their study ini-

tially began with a single 4-cm incision at the mid level of 
the leg and over the anterior intermuscular septum. Due to 
diffi culty with visualization and unpredictable effectiveness 
of the compartment release, their study was modifi ed to 
incorporate a two-incision method. Despite their abandon-
ment of a single-incision for the release of both anterior and 
lateral compartments, they reported no nerve, vascular, or 
muscular injuries to any of the single-incision specimens. In 
addition, they reported no nerve, muscle, or vascular injuries 
during the course of endoscopic fasciotomies using the two-
incision technique. Their only two complications were 
related to a soft tissue mass on one specimen, allowing only 
an incomplete lateral compartment release, and an avulsion 
of the intermediate dorsal cutaneous branch of the superfi -
cial peroneal nerve, which the authors believed was caused 
by retractor placement rather than the endoscopic fascial 
release.

A year later, Hutchinson and group reported on an endo-
scopically-assisted fascial compartment release of the leg 
performed in cadaver specimens.4 In their study, a standard 
30-degree arthroscope was used with the help of skin retrac-
tion. Their results showed that the superfi cial peroneal nerve 
was less likely to be injured with the endoscopically-assisted 
releases than with the percutaneous approach. Their results 
were compared to percutaneous fascial release controls. 

In 2005, Stein and Sennett reported on anterior and lateral 
compartment releases performed also with a 30 degree 
arthroscope in four patients.5 In their paper, they report 
excellent results with the use of a single-portal endoscopi-
cally-assisted fascial release with the arthroscope along with 
an Army-Navy instrument and a switching stick for retrac-
tion, and a Metzenbaums scissors for fasciotomy.

More recently, Lohrer and Nauck reported a case series of 
17 patients who underwent endoscopic fascial releases for 
exertional compartment syndrome.6 Ten of the patients had 
anterior compartment involvement and two had lateral 
involvement. Given the bilaterality of some of the patients, 
16 anterior and 3 lateral fascial releases were performed. In 
their study, the soft tissue dissection was performed with 
Metzaunbaum, a 30 degree endoscope was utilized for visu-
alization, while a specialized pair of scissors (32 cm in 
length, bent at the shank, and an immobile lower blade) was 
employed for the dissection. A single-blade gynecological 
speculum was used to assist with retraction. Their results 
showed 3 patients who had complications related to bleeding 
in the deep posterior compartment. No complications were 
noted for the anterior or lateral fascial releases. Although the 
authors concluded that the safety and effectiveness of endo-
scopic fasciotomies is inferior when compared to open sur-
gery data, they nonetheless stated that the procedure is safe 
in the anterior and lateral compartments.

While the use of a vessel-harvesting endoscope may 
require a steep learning curve when it comes to its original 
use in cardiothoracic surgery, its use for compartment fas-
ciotomies appears to us to require much less training. Patients 

Figure 5. Endoscopic fasciotomy incision on left leg at six weeks 
after surgery.
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who undergo CABG surgery can oftentimes be obese, have 
poor vascular beds, peripheral edema, or other conditions 
that make the use of the endoscope more diffi cult. In addi-
tion, the harvesting of the GSV requires ligation of its 
branches during its course through the leg. In contrast, 
patients undergoing mini-incision fasciotomies of the leg are 
oftentimes athletes who suffer from exertional compartment 
syndromes. These patients are younger and have a leaner 
body habitus. Thus it would seem that the tissue bed for per-
forming endoscopic fasciotomies for exertional compart-
ment syndrome would be much more easily navigated. In 
addition, the use of a vessel harvesting endoscope facilitates 
retraction and visualization of the working fi eld regardless 
of the distance between the entry skin incisions and the end 
of the endoscopes. Since the endoscope comes with a clear 
plastic hemi dome at its end, there is no need to insert long 
retractors into the wound.

A drawback of our report is the fact that only anterior and 
lateral compartment releases were performed in our patient. 
Although the anterior compartment is the most commonly 
involved compartment in compartment syndrome of the leg, 
it is possible to have posterior compartments involvement in 
exertional compartment syndrome. Since some of the stud-
ies discussed here relate to the present danger of complica-
tions with posterior compartment releases endoscopically, 
we hypothesize that release of such compartments with the 
use of the endoscope would also prove promising, but this 
would have to be a focus of future study.

Conclusion

We have reported a case of a mini-incision fasciotomy for 
the treatment of exercise-induced compartment syndrome 

utilizing a vessel harvester endoscope. The main advantages 
of performing this procedure endoscopically are direct visu-
alization of the fasciotomy and nearby neurovascular struc-
tures and control of bleeding. Although the instruments used 
were developed for the harvesting of veins for CABG sur-
gery, we have found them to be useful on the performance of 
endoscopic fasciotomy of the lower extremity.
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Introduction

Elbow dislocations can be divided into two broad catego-
ries: simple-dislocations and fracture-dislocations. Simple-
dislocations of the elbow can usually be treated with closed 
reduction and early range of motion with minimal sequelae.1 
In contrast, elbow fracture-dislocations often require opera-
tive treatment and are associated with several complications. 
There have been many descriptions of what defi nes an elbow 
fracture-dislocation. Ring & Jupiter reviewed their institu-
tional experience and identifi ed four common patterns:2

(1) Posterior elbow dislocation with fracture of the radial 
head (see Figure 1).

(2) Posterior elbow dislocation with fracture of the radial 
head and coronoid process (aka, the “Terrible Triad”) 
(see Figure 2).

(3) Anterior elbow dislocation with fracture of the olecra-
non (see Figure 3).

(4) Posterior elbow dislocation with fracture of the proxi-
mal ulna (aka, a posterior Monteggia fracture) (see 
Figure 4).

The fi rst two types (Types 1 and 2) are true dislocations 
where there is loss of ulno-humeral articulation. The second 
two types (Types 3 and 4) may have the relationship between 
the ulna and humerus maintained and instead represent an 
ulno-humeral disruption. Despite not being a true disloca-
tion, Types 3 and 4 injuries result in suffi cient disruption that 
their treatment and sequelae warrant their inclusion as elbow 
fracture-dislocations. 

Complications frequently compromise results from elbow 
fracture-dislocations. Complications can be divided into 
early and late. Early complications include instability, stiff-
ness, and heterotopic ossifi cation. Late complications include 
fracture malunion/nonunion, radio-ulnar synostosis, and 
post-traumatic arthrosis. Understanding the fracture, institu-
tion of appropriate treatment, and awareness of the compli-
cations can help optimize results. 

Anatomy

The anatomy of the elbow illustrates an elegant balance 
between the functional requirements of positioning the hand 
in space and the stability required for manipulating objects, 
bearing weight, and throwing. Motion at the elbow can be 
broken down broadly into fl exion-extension of the elbow 

Figure 1. A Type 1 elbow fracture-dislocation with posterior dislo-
cation and fracture of the radial head. Integrity of the coronoid 
 process must be confi rmed.

Figure 2. A Type 2 injury representing the “terrible triad” with a 
posterior elbow dislocation, coronoid fracture, and radial head 
fracture.

and rotation of the hand at the wrist. There are three ana-
tomic components that provide stability and facilitate elbow 
function:

(1) Osseous articulation
(2) Capsulo-ligamentous complex
(3) Musculo-tendinous units

Osseous Articulation

The elbow is a highly congruent joint with signifi cant 
inherent stability. The distal humerus is angled approxi-
mately 30 degrees anteriorly and has two articulations: the 
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capitellum and trochlea. The capitellum articulates with the 
radial head providing rotation. The trochlea, which is cov-
ered by articular cartilage over an arc of 300°, is highly con-
formed to the proximal ulna and provides fl exion-extension. 
This articulation alone provides the predominant stability of 
the elbow.3 The anterior angulation allows for increased fl ex-
ion prior to impingement. Furthermore, the olecranon and 
coronoid fossa on the distal humerus allows additional 
motion as well as increased stability with interlocking of 
their corresponding processes at the extremes of elbow 
motion. Stability is further enhanced at the ulnohumeral 
articulation by the “spool-shaped” anatomy of the trochlea 
that interdigitates with the central groove in the correspond-
ing ridge of the trochlear notch of the olecranon, and the 
height of the coronoid process. Large coronoid fractures 
compromise the stability of the trochlear notch as well as the 
integrity of the medial collateral ligament, which inserts at 
the base of the coronoid process at the sublime tubercle.4 
Consequently, the ulno-humeral articulation provides sig-

nifi cant stability in the anterior-posterior plane of the elbow. 
In addition, the highly congruent nature of the ulno-humeral 
joint also provides varus-valgus and rotational stability. 

The radial head also contributes to stability of the elbow 
while providing for rotation of the hand and force transmis-
sion. As much as 60% of a load seen by the hand is transmit-
ted to the humerus through the radio-capitellar articulation.5 
In addition, the radio-capitellar joint aids in resisting valgus 
stress of the elbow. There is approximately a 30 degree 
decrease in the resistance to valgus load by the elbow with 
resection of the radial head.6 This valgus stability becomes 
paramount when the medial collateral ligament is compro-
mised.7 The radial head has been considered expendable 
when injured or dysfunctional, but in cases where there are 
concomitant injuries to the interosseous membrane of the 
forearm or medial collateral ligament of the elbow, signifi -
cant instability can ensue with its loss. 

Capsulo-ligamentous Complex

The medial collateral ligament (MCL) originates from the 
medial epicondyle and inserts on the ulna at the base of the 
coronoid process. The MCL has three components consist-
ing of the anterior, posterior, and transverse bundles. The 
posterior and transverse bundles are subtle thickenings of the 
medial joint capsule, but the anterior bundle is readily iden-
tifi able. Several studies have examined the valgus strength 
provided by the MCL and have suggested that the anterior 
band of the MCL provides 33% to 50% of the resistance to 
valgus stress depending on the amount of elbow fl exion.6–9 
Incompetence of the MCL can occur in several forms: frank 
rupture, chronic attenuation as with throwing sports, or frac-
tures of the coronoid process or medial epicondyle. 

The lateral collateral ligament (LCL) originates from the 
lateral epicondyle and inserts on the annular ligament over 
the radial head and the ulna posteriorly. Its components 
include the radial collateral, annular, accessory, and lateral 
ulnar collateral ligaments (LUCL). The LCL complex pro-
vides varus and posterolateral rotatory stability to the elbow, 
where tension in the LCL complex and the overlying muscu-
lotendinous structures maintains apposition of the radial 
head to the capitellum.10, 11 Incompetence of the LCL, and 
particularly of the LUCL component, has been used to 
explain recurrent elbow dislocation or instability through a 
posterolateral route without an associated fracture. 

Musculo-tendinous Units

The muscles crossing the elbow joint provide dynamic 
stability to the joint. Muscular contractions help maintain 
the ulno-humeral articulation. A cadaveric study showed that 
in elbows with sectioned MCL complexes, simulated physi-
ologic muscle action was partially able to restore normal 
joint kinematics.7

Figure 4. A Type 4 injury representing a proximal posterior Mon-
teggia fracture with posterior dislocation of the elbow.

Figure 3. A Type 3 anterior or trans-olecranon fracture-dislocation 
with the relationship of the radius and the ulnar shaft maintained 
distally.
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Mechanism of Injury 

In simple elbow dislocations the articular relationship is 
disrupted by way of soft tissue injury. The injury begins lat-
erally and extends medially involving both the anterior and 
posterior soft tissue envelope and has been described to 
occur in three stages.12

 (Stage 1)  The LCL complex is partially or completely torn 
(PL subluxation).

 (Stage 2)  Anterior and posterior soft tissue is torn (PL 
dislocation).

 (Stage 3) The MCL complex is torn (True dislocation).
With each progressive stage of soft tissue injury, the elbow 

experiences increasing instability from posterolateral sub-
luxation to frank dislocation. As long as the anterior band of 
the MCL is left intact the joint can be reduced and stability 
can be attained through reduction of the bony articulations, 
despite the signifi cant soft tissue injury. In contrast, elbow 
fracture-dislocations incorporate both a ligamentous and 
bony injury and thereby eliminate the hopes of stability with 
reduction. 

Fracture & Treatment

Elbow fracture-dislocations incorporate both ligamentous 
and bony injury and in our opinion require operative treat-
ment. Both the ligaments and fracture must be managed dur-
ing treatment. The treatment steps include: (1) Reduction of 
the dislocation, (2) Treatment of the fracture (fi xation versus 
replacement), and (3) Repair of the collateral ligaments. 

Posterior Elbow Dislocation with Fracture 
of the Radial Head

Anteroposterior and lateral radiographs will readily iden-
tify posterior elbow dislocation with associated radial head 
fracture. The radiograph must be initially scrutinized for 
associated coronoid fracture. This may be evident as a small 
fragment in the soft tissue or may also become incarcerated 
within the trochlear groove. 

In the absence of a coronoid process fracture, treatment 
options include non-operative and operative. Non-operative 
treatment after closed reduction of elbow dislocations with 
fractures of the radial head has been reported with success.13 
However with increasing severity of radial head injuries, 
operative fi xation is recommended to avoid restricted fore-
arm rotation and malunion. Displaced or comminuted frac-
tures of the radial head have traditionally been excised. 
Recent understanding now indicates that a radial head frac-
ture should be fi xed or replaced when a ligamentous injury is 
suspected, as is the case of elbow dislocations, to avoid 
instability.6, 7 For small displaced radial head fractures the 
authors treat the fracture with internal fi xation. In commi-
nuted cases, radial head replacement is performed. A lateral 
approach is utilized to access the radial head. The LCL com-
plex is evaluated and reattached to the lateral epicondyle 

with drill holes or suture anchors. The elbow is also evalu-
ated medially and the MCL is examined and repaired if 
injured. The ulnar nerve may also be released if indicated 
through this approach. 

The “Terrible Triad” (Posterior Dislocation with Fracture 
of the Radial Head and Coronoid

With the addition of a coronoid fracture, the operative 
treatment becomes more involved. Ring & Jupiter advocate 
fi xing all fractures of the coronoid regardless of size due to 
the instability and historically poor results from this injury.2 

Multiple exposures and fi xation options for the coronoid 
process are available.14 The authors advocate a midline pos-
terior approach again facilitating access to both the medial 
and lateral sides. The coronoid fracture is approached fi rst 
through the medial side. The ulnar nerve is identifi ed and 
released. The split in the two heads of the fl exor carpi ulnaris 
through which the ulnar nerve travels is utilized. The ante-
rior head is raised off of the ulna while protecting the ulnar 
nerve thereby exposing the coronoid process. Fixation of the 
coronoid can be accomplished with a suture passed through 
a drill hole or screw fi xation from posterior to anterior. Atten-
tion is then turned laterally where the radial head is repaired 
or replaced and the LCL is repaired (see Figure 5). Stability 
is checked through range of motion examination. If instabil-
ity exists in the mid-range of motion a hinged external fi x-
ator may be applied. 

Figure 5. A Type 2 terrible triad injury after undergoing open 
reduction internal fi xation of the coronoid fracture, radial head 
replacement, and repair of the LCL complex with suture anchors 
resulting in a stable and congruent joint.

Anterior Elbow Dislocation with Fracture 
of the Olecranon

The elbow dislocates anteriorly with anterior olecranon 
fracture-dislocations occurring through the proximal ulna, 
most commonly trans-olecranon. This pattern is easily con-
fused with an anterior Monteggia fracture (fracture of the 
proximal ulnar shaft with radial head dislocation), but is 
 distinguished by the fact that both the radius and the ulna 
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dislocate anteriorly and maintain their relationship.15 
Although this is not a true dislocation of the ulno-humeral 
joint, the stability of the ulno-humeral articulation is dis-
rupted and therefore should be considered and treated as an 
elbow fracture-dislocation. 

The fracture of the proximal ulna is often complex and 
can be associated with a large coronoid fragment. In con-
trast, the capsulo-ligamentous restraints may remain intact 
since the dislocation occurs predominantly from loss of 
osseous articulation rather than ligamentous incompetence. 
We utilize a midline posterior approach. The coronoid is 
directly visualized through the olecranon fracture and fi xed 
with screws. The olecranon is then reduced. Fixation of the 
ulna is performed with plates and screws applied to the dor-
sal surface of the ulna while wrapping around the olecranon 
proximally. Often signifi cant comminution exists in the 
proximal ulna and should be bridged with a plate of adequate 
length. Despite being a severe injury, 15 of 17 patients in 
Ring et al.’s series treated as outlined above achieved good 
or excellent results.15 

Posterior Elbow Dislocation with Fracture of the 
Proximal Ulna (aka, a Posterior Monteggia Fracture) 

Posterior olecranon fracture-dislocations may be consid-
ered in the spectrum of posterior Monteggia fractures.15, 16 
The pattern includes a proximal ulna fracture, again often 
trans-olecranon, with apex posterior angulation of the frac-
ture and posterior dislocation of the radial head. Although 
again not a true dislocation, the stability of the ulno-humeral 
articulation is disrupted suffi ciently to warrant its inclusion. 

In addition to the proximal ulna fracture and possibly a 
coronoid fracture, the radial head dislocates posteriorly and 
is often fractured. The LCL is also often injured, predispos-
ing to posterolateral rotatory instability. We utilize a midline 
posterior approach. The coronoid is examined through the 
proximal ulna fracture and fi xed with screws. The radial 
head is repaired or replaced, and then reduced. The LCL is 
then repaired. The ulna is subsequently plated. Jupiter et al. 
reported their experience with 11 cases of posterior Monteg-
gia lesions and yielded 6 good or excellent results.16 The 
inferior results were related to inadequate reduction of the 
ulna and coronoid with persistent posterior subluxation of 
the radio-capitellar joint.

Rehabilitation

The intra-operative goal is restoration of elbow stability. If 
this is achieved then early motion can be instituted after a 
brief (less than 2 weeks) period of immobilization. When 
fi xation is more tenuous or stability is guarded, then the 
period of immobilization may have to be increased, or more 
preferably, motion can be initiated with the protection of a 
hinged elbow fi xator. 

Complications

Complications after elbow fracture-dislocations can be 
divided into early and late. Early complications include 
instability, stiffness, and heterotopic ossifi cation. Late com-
plications include fracture malunion/nonunion, radio-ulnar 
synostosis, and arthrosis. Complications are best treated by 
avoidance of risk factors.

Instability

Early instability after operative fi xation is best treated 
with diligent examination under intra-operative fl uoroscopy. 
In addition, adequate reduction and fi xation of the fracture 
and ligamentous repair must be re-confi rmed. In the pres-
ence of persistent instability a hinged external elbow fi xator 
may be applied. In contrast, chronic instability may be sec-
ondary to malunion, nonunion, bony defects, or attenuation 
or inadequate repair of the soft tissue. 

Stiffness

Loss of motion is common following any elbow injury 
and including both simple and complex dislocations. Immo-
bilization for beyond two weeks has been shown to greatly 
increase the risk for stiffness and is best avoided by early 
motion.1 In the face of elbow fracture-dislocations, pro-
longed immobilization would only be considered if the repair 
was tenuous. In this situation, both protection of the repair 
and early immobilization is best managed with a hinged 
elbow fi xator. 

Stiffness after fracture healing can be treated with static 
progressive splinting. Open release of the elbow capsule can 
also be used with reliably good success assuming the articu-
lar anatomy is well-reduced.17

Heterotopic Ossifi cation

Risk factors for heterotopic ossifi cation include severe 
trauma, burns, and brain injuries.18 Other less well defi ned 
risk factors include gender and genetics. The relationship 
between operative treatment of elbow fracture-dislocations 
and the risk for heterotopic ossifi cation remains controver-
sial. Traditionally it was considered that early operative fi xa-
tion increased the risk. More recently, it has been shown that 
the timing of surgery and the risk of heterotopic ossifi cation 
are not related.19

Drawing from the trauma and joint arthroplasty literature, 
radiation therapy and non-steroidal anti-infl ammatory medi-
cations have been shown to be effective against heterotopic 
ossifi cation.20 Use of these modalities must be tempered 
against the risk of compromised wound healing with radia-
tion therapy and medical morbidity with anti-infl ammatory 
medications. 

Resection of heterotopic ossifi cation is successful in 
returning motion, but the timing of surgery has historically 
been controversial. Early resection avoids formation of 
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elbow contracture and joint degeneration, but risks return 
and exacerbation of the process. In cases of isolated elbow 
trauma without head injury, resection has been shown to be 
successful without recurrence when the heterotopic bone 
assumes a well-defi ned trabecular pattern on plain radio-
graphs.21, 22

Arthrosis

Post-traumatic arthrosis occurs secondary to the severity 
of the injury, articular injury, and residual instability. Treat-
ment of symptomatic arthrosis resistant to non-operative 
management is directed by the age of the patient. Total elbow 
arthroplasty is effective in treating older patients with less 
demands on the involved extremity.23 In younger patients, 
debridements and fascial interposition arthroplasty may 
allow for maintenance of a more active lifestyle.24

Summary

Elbow fracture-dislocations are complex injuries encom-
passing both soft tissue and bony injury to the elbow. The 
result is inherent instability to the intricate relationship and 
function of the distal humerus, proximal ulna, and the radial 
head. Understanding the signifi cance of the bony articula-
tion, soft tissue complex, and the support of the musculoten-
dinous units is central to the pathoanatomy. We routinely 
recommend operative treatment of these injuries. Complica-
tions are common and include instability, stiffness, hetero-
topic ossifi cation, and arthrosis. Complications are best 
avoided by achieving sound soft tissue and bony repair, sta-
ble reduction of the articulations, and early motion. 
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Abstract

The business side of orthopedic surgery is not often 
discussed during our training programs. Most orthope-
dists learn something about this topic with on the job 
training. In truth correct coding and billing are the back-
bones of any successful practice. It is incumbent upon 
each physician to become familiar with these concepts to 
insure proper reimbursement for their work effort. This 
paper lays the groundwork for understanding these 
modalities in the offi ce practice. It is important to keep in 
mind that this information is relative to the billing and 
reimbursement in Pennsylvania; other states may have a 
different reimbursement pattern. 

The practice of orthopedic surgery is a complex and ever 
changing profession — new procedures, new technology, 
and evidence-based outcomes help us to modify our treat-
ments to always provide the best care possible for our 
patients. Yet, very little is ever taught during our residency 
training or even in our practice careers about the business of 
orthopedics. Economics is not a dirty word; it is a fact of our 
professional lives. Insurance companies, employers, employ-
ees, and the government all understand the business side of 
orthopedics; it is imperative, therefore, for us to also learn 
how to maximize our reimbursement for what we really do. 
On the job training from an offi ce manager, billing company, 
or partner may help; but grasping it yourself is far superior. 
This paper will attempt to explain the basics of coding and 
billing in the offi ce.

To begin with, the diagnosis of a medical problem is 
defi ned by an ICD-9 code from the International Classifi ca-
tion of Diseases, 9th Revision, which is readily available.

Procedures which we perform are defi ned in the CPT-4 or 
Current Professional Terminology, 4th Revision, which is 
also published and updated yearly. Procedures include not 
only operations, but also offi ce visits, consults, x-rays, injec-
tions, medicines, and casting among others; it includes 
everything we do in caring for a patient. The ICD-9 and 
CPT-4 must be linked; the claim will be rejected if the pro-
cedure does not relate to the diagnosis chosen (e.g. ICD-9 
code 729.5 = knee pain with CPT code = hip x-ray or ICD-9 
code 717.7 = chondromalacia patellae with CPT code = 
arthroscopic medial menisectomy; these two examples are 

not linked). Different insurers allow different numbers of 
CPT codes per day of visit. As I will state several times in the 
course of this discussion, the insurer’s goal and your goals 
are often quite opposite; therefore, it is very important to 
submit a “clean” claim from the start as you want to get paid 
quickly and completely. All insurers have “timely limits” on 
billing — if you don’t get the claim processed in a fi nite 
length of time, it will be denied and you will have to have 
“proof of timely fi ling” to appeal; if you have no proof of 
fi ling, the claim will not be paid. For the most part, insurers 
will not allow you to bill the patient for a billing error which 
caused a denial; remember you will most probably be a “par-
ticipating provider” and if a claim is denied because your 
offi ce did not submit it on time, you can not bill the patient 
— this amount will have to be written off. Your only defense 
is to get it right and correct any errors as quickly as possible; 
resubmit and follow up carefully or you will lose out! 

There are two components of each patient’s bill. Evalua-
tion and Management (E/M) services cover your initial new 
patient visits, follow up visits, consultations as an inpatient 
or outpatient, and hospital care visits. The second part of the 
chare includes Procedures. These can be x-rays, casts, sup-
plies, medical reports, or surgical procedures. It is very 
important for each of us to know the components of these 
services so that they are clearly documented and billed cor-
rectly. Just by taking three extra minutes of dictating what 
you actually did can signifi cantly impact your level of 
reimbursement.

Three main factors contribute to the level of billing going 
from Level 1 to Level 5. History, physical examination, and 
medical decision making are critical. Contributing, but less 
important, factors include counseling, coordination of care, 
nature of the problem, and actual time spent in the face-to-
face communication with the patient.

The history ranges from the lowest level of problem 
focused to the highest level of comprehensive history. All 
levels start with chief complaint and history of present ill-
ness and then add review of systems, past medical history, 
family history, social history, and complete medical and sur-
gical history to increase the complexity of the visit. Beware! 
Most orthopedists do not perform a review of systems but it 
can be done quickly and correctly (see Table 1). Physical 
exam also was devised and made for internists, not 
orthopedists.
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We always fully examine the body part (e.g. knee, shoul-
der) that is involved; this regimen asks for a complete organ 
system (e.g. musculoskeletal, cardiac) or multisystem exam 
to get the highest level of coding. What are the “body sys-
tems” being investigated? It is generally true that we all do 
observe and/or examine these areas; you must document that 
you did actually do this exam. The constitutional system 
includes vital signs (these can be done by your assistant) and 
general appearance; such as nutrition, habitus, deformity, 
grooming. We don’t normally evaluate Head and Face, Eyes, 
ENT, Respiratory, Cardiac, GI or GU systems. We do Vascu-
lar evaluations looking for varicose veins, swelling, temper-
ature, edema and tenderness as well as palpation of periph-
eral pulses. The Skin counts also and it is important to 
comment on scars, rashes, lesions or ulcers. Neurologic sys-
tem evaluation includes coordination, deep tendon refl exes, 
sensation, orientation, mood, and affect such as depression, 
anxiety or agitation. We almost always compare one extrem-
ity to the other — this must be recorded in your dictation 
also. 

The Musculoskeletal system is our home base; yet, it must 
be fully covered. 

This examination includes:
1. Gait and Station — limp, crutches, or cane.
2. Inspection and Palpation — malalignment, crepitus, 

tenderness or effusion.
3. Range of Motion — pain, crepitus, or contracture.
4. Stability — ligament laxity.
5. Muscle strength and tone — atrophy, spasticity or 

weakness.
The more points or “bullets” covered, the higher the level 

of the visit. For a problem focused physical exam, you need 
5 bullets in 1 system. The next level needs 6 bullets; the next 
needs 12 bullets in 2 systems or 6 different systems; the 
highest level of comprehensive exam requires 9 organ sys-
tems with 2 bullets in each one — daunting, but not impos-
sible. Always keep in mind, the more extensive your exam, 
and subsequent documentation, the higher the level you may 
bill. If you are doing the work, just document it — if you 
don’t document it, you can not code higher. 

The last major component of level of coding is complexity 
of decision making. The more diagnoses (comorbidities) the 
patient has, the more complex is the decision making code. 
Note also that closed treatment of a fracture with no reduc-
tion is graded as moderate; any proposed surgery is consid-
ered high complexity. Include in your notes diagnostic test-
ing which was ordered or reviewed, old records reviewed, 
tests and/or x-rays reviewed by you or discussed with another 

Table 1. Organ Systems

Constitutional Skin Eyes Ears, Nose, 
Throat

Cardiovascular Respiratory

Musculoskeletal Neurological Hematologic
Immunologic

GU Male GU Female Psychiatric

doctor. Document discussion of risks of any procedures 
planned.

A brief note about using time to determine level of coding. 
Table 2 includes time spent on the visit; this parameter is not 
usually applicable in our orthopedic practice. However, a 
major scoliosis or back surgical procedure discussion with 
the patient and their family, a revision total joint procedure, 
or a worker’s compensation patient with multiple records to 
review and then subsequent discussion could invoke these 
time parameters. If you are using time as your parameter for 
level of coding, write it down in the record and document 
actual time spent with the patient.

Some special circumstances warrant separate notations. If 
counseling or coordination of care takes greater than 50% of 
face to face time with the physician/patient or physician/
family, then record the time in the note. Note that a new 
patient means that there are no notes or contacts from a phy-
sician or anyone in his group within three years — even if it 
is a new problem. Level 5 visits (99205) for a new patient are 
billed at a 4 x higher level than level 1 visits (99201) in one 
series (personal communication, BBV). Established or “old” 
patient visits have less required elements and move the doc-
umentation requirements down one level — i.e. expanded 
history, expanded physical exam, low decision making = 
Level 3 visit, not Level 2, in established patients. This fact 
means that most offi ce revisits for orthopedic care are Level 
3 and must include Chief Complaint, HPI, ROS, and appro-
priate physical exam. Hospital care for nonoperative condi-
tions like hand infection, sciatica, etc. are billed at 3 levels, 
again using history, physical exam, and decision making 
parameters. Consultations are billed on the 5 level system. A 
consult is service provided by a physician whose opinion or 
advice is requested by another physician or other source, 
such as an insurance company, nursing home, or other third 
party. Almost all HMOs require a referral asking for your 
orthopedic opinion and therefore, they should be charged as 
consultations, not new patient visits. (NB — The exception 
to this tenet is when the referral is for a known fracture; this 
should be billed as a new patient visit but then also bill for 
the fracture care). Consultations require the UPIN of the 
referring physician, a note in your dictation stating this is a 
consultation and a letter or note sent back to the original con-
sulting physician. Follow up consults for hospital inpatients 
should be billed under the hospital care codes if you initiate 
treatment and continue treatment; only use follow up inpa-
tient consults if you have fi nished initial treatment and then 
are asked by the referring doctor to see the patient again. 
Physicians do code differently for consults. My protocol is 
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Table 2

Requirements a)  Problem focused 
history

b)  Problem focused 
physical exam

c)  Straightforward 
medical decision 
making 

(CC, HPI)

a)  Expanded problem 
focused history

b)  Expanded problem 
focused physical 
exam

c)  Straightforward 
medical decision 
making 

(Add ROS)

a) Detailed history

b)  Detailed physical 
exam

c)  Low medical 
decision making

(Add PMH, FH, SH)

a)  Comprehensive 
history

b)  Comprehensive 
physical exam

c)  Moderate medical 
decision making

(Add — complete PMH)

a)  Comprehensive 
history

b)  Comprehensive 
physical exam

c)  High complexity 
medical decision 
making

Problem Level Self limited or minor Low to moderate 
severity

Moderate severity Moderate to high 
severity

Moderate to high 
severity

Time 10 minutes face to face 
contact

20 minutes 30 minutes 45 minutes 60 minutes

Level of Service 1 2 3 4 5

to list as the fi rst diagnosis the reason you were asked to see 
the patient (e.g. knee pain, back pain) and next to list your 
diagnosis (e.g. torn meniscus, herniated nucleus pulposus.). 
Most billing forms allow 4 diagnoses and I do list comor-
bidities (e.g. hypertension, NIDDM, COPD) on the forms to 
show that I did thoroughly examine the patient. 

The other half of the patient encounter includes proce-
dures. Everything you do to the patient has codes and you 
must include them or do them for nothing. Arthrocentesis, 
injection with Cortisone, application of a cast, fracture treat-
ment with no reduction, applying a wrist splint, application 
of external coils for a nonunion and everything else requires 
a code for proper billing. Just as important as doing these 
procedures is adding a modifi er to your code. If you do not 
use a modifi er, the insurance company will choose to pay 
you for the lowest paying procedure and disregard the offi ce 
visit charge (if applicable). There are over 25 modifi ers listed 
in the CPT-4 book; it is incumbent upon you to familiarize 
yourself with them. The most common include -25, signifi -
cant and separate evaluation and management service on the 
same day of procedure/service; -51, multiple procedures on 
the same day at the same session by the same provider, -57 
decision for surgery on day of or day before surgery; and -58 
related procedure during global period. These codes are 
added to the procedure codes and complete the billing pro-
cess. For example, a new patient who comes in with degen-
erative arthritis of her knee and gets a low complexity evalu-
ation and knee joint injection with Kenalog would be coded 
as ICD-9 715.6 and CPT-4 99203 -25 20610, J3301.

Another important consideration is the Global Fee Period. 

This time normally runs anywhere from 30 to 90 days from 
the date of the procedure; surgery and fracture care are both 
included. X-rays and injections can be billed in the global 
period; most cast changes are lumped into the global fee, but 
insurers vary on paying for repeat casting and should be 
individualized. A different complaint in the global period of 
another problem should be billed with the modifi er -24. Cast 
applications cannot be billed separately if the cast is part of 
the original fracture care code; then you can only bill a “Q” 
code for the cast supplies. However, if the cast is applied for 
a bruise or a sprain and not a fracture, then you should bill 
for the cast application as a procedure and use the -25 modi-
fi er; the cast supply charge is included in the application fee. 

You can truly see that offi ce coding and billing is mildly 
complex. It is crucial that all of us become familiar with this 
topic, just as we all do with any area of orthopedics. Reading 
the basic ICD-9 and CPT-4 books can introduce the topic; it 
also helps to attend a coding course and many are offered by 
the Academy. The key to fair and adequate reimbursement is 
to be correct and complete with a “clean” claim; this treatise 
should get you started. Remember that every insurance com-
pany has different “fee schedules” and if you are a partici-
pating physician with a particular insurer you will only get 
paid per their “fee schedule” regardless of additional coding 
and documentation. However, it is a good practice to code 
fully and accurately throughout your practice for all of your 
insurers as commercial, worker’s comp and no fault each 
pay differently than your contracted rates. It is encumbent 
for each physician to learn how to handle these topics to get 
reimbursed correctly for the work that you actually do.
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Introduction

The purpose of this study is to compare objective clinical 
measures for correction of rib prominence using thoraco-
plasty versus direct vertebral body derotation. 

Methods

Our prospective adolescent idiopathic scoliosis database 
was reviewed for patients with structural thoracic curves 
treated with posterior spinal fusion and thoracoplasty (TP) 
or vertebral body derotation (VBR). Furthermore, for inclu-
sion, they had to have preoperative and postoperative scoli-
ometer readings. The postoperative scoliometer readings 
were done at two years. 107 patients met the inclusion crite-
ria for the study. There were 61 patients in the VBR group 
and 47 in the TP group. No statistical difference was noted 
between the groups for thoracic curve magnitude, fl exibility, 
preoperative scoliometer reading.

Results

The average preoperative reading was similar between the 
two groups (TP-14.2, VBR-15.1, p = 0.41). The average 

postoperative correction was similar between the two groups 
(TP-5.31, 4.25, p = 0.29). The percent correction showed a 
trend toward statistical signifi cance difference with 63% 
correction in TP group and a 72.1% in the VBR group (P = 
0.12). When comparing a subgroup of curve magnitude less 
than 75 degrees and thoracic curve fl exibility of greater than 
50%, the percent correction of the rib prominence showed a 
signifi cant difference with 67.2% correction in TP group and 
to 80% in VBR group (P < 0.05).

Conclusions

At two years, the percent correction between vertebral 
body derotation and thoracoplasty in correcting rib promi-
nence are statistically similar. However, for thoracic curves 
measuring less than 75 degrees and fl exibility greater than 
50%, the percent correction was statistically greater in the 
vertebral body derotation group compared to the thoraco-
plasty group.

Abstract

A Comparison of the Correction of Rib Prominence for 
Vertebral Body Derotation Versus Thoracoplasty

JAHANGIR ASGHAR, MD, PATRICK CAHILL, MD, AMER F. SAMDANI, MD, 
DAVID H. CLEMENTS MD, JOSHUA M. PAHYS, MD, RANDAL R. BETZ, MD

Shriners Hospital for Children, Philadelphia, PA
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Increased Tendon Calcifi cation and a 
Bone Mineralization Protein in Musculoskeletal 

Tissues with Repetitive Reaching Task
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1Department of Physical Therapy, Temple University, Philadelphia, PA,
2Department of Physical Therapy, Thomas Jefferson University, Philadelphia, PA,

3Department of Anatomy and Cell Biology, Temple University, Philadelphia, PA

water, 5% sodium thiosulfate for 2 minutes, and counter-
stained with nuclear red. 

For localization of OA, sections were blocked for endog-
enous peroxidase, washed, permeabilized with 0.05% Pep-
sin solution in 0.01N HCL, washed and blocked for nonspe-
cifi c binding with 10% goat serum for 20 minutes. Primary 
antibody raised against the c-terminal sequence of osteoac-
tivin was diluted 1:100 with PBS and incubated on slides 
overnight at room temperature. After washing, sections were 
incubated with appropriate secondary antibody conjugated 
to HRP, and visualized using DAB with or without cobalt 
(black versus brown, respectively). Percent area with OA 
immunoreactivity was quantifi ed using the Osteo II Bioquant 
program using methods described previously.3 Two-way 
ANOVA (p ≤ 0.05) was used to examine differences across 
weeks and between regions, followed by Bonferonni post 
hoc analysis.

Results

Discrete sites of von Kossa staining were present in fore-
limb tendons at the level of the wrist in week 6 and 12 HRLF 
rats (Fig. 1B), but not in controls (Fig. 1A). Von Kossa stain-
ing was greatest in HRLF week 12 forelimb tendons in 
matrix regions surrounding tendon fi broblasts. Supraspina-
tus tendons were also examined, but no von Kossa staining 
was present at any time point in either exposure group. 

OA immunoreactivity increased in osteoclasts, periosteal 
cells, osteoctyes and osteoblasts (Fig. 1C), as well as in 
chondrocytes, tendon fi broblasts and mast cells, in 6–12 
week HRLF rat radius and ulna. The highest OA immunore-
activity was seen in radius periosteum at sites of muscle and 
tendon attachments in week 5 (Fig. 2A), and in forelimb ten-
dons at the level of the wrist in week 8 (Fig. 2B).

Discussion 

Increases in osteoactivin (OA) staining in the periosteum 
parallels previously reported infl ammatory responses in this 
same tissue, suggesting that OA may play a role in infl am-
mation-induced bone remodeling by a repetitive reaching 

Introduction

Work-related musculoskeletal disorders (WMSDs) arise 
from repeated performance of tasks at submaximal levels of 
physical exertion that eventually lead to tissue damage due, 
perhaps, to insuffi cient recovery of tissues between bouts of 
performance. Our laboratory has developed a rat model of 
repetitive and forceful reaching and grasping. Our results 
indicate that performance of a high rate, low force (HRLF) 
task regimen results in injury, infl ammation and fi brosis in 
bone, muscles, tendons, nerves and associated loose connec-
tive tissues.1–3 Osteoactivin (OA) is a recently identifi ed fac-
tor that plays a role in bone mineralization and possibly in 
wound healing and infl ammation. Enhanced expression of 
this protein would suggest that repetitive and/or forceful 
tasks lead to accelerated bone remodeling and tendon matrix 
changes, which would further our understanding of the etiol-
ogy of MSDs. The purpose of this current study was to 
examine the production of OA in musculoskeletal tissues 
and tendon calcifi cation following performance of these 
repetitive and/or forceful tasks for up to 12 weeks.

Methods

Young adult, female Sprague-Dawley rats were used. 
Experimental rats were trained in one of two repetitive tasks. 
These tasks consisted of reaching forward to pull a lever at a 
rate of 4 reaches/min at either 15% of maximum grip strength 
(HRLF) for 2 hours/day in 30 min sessions, 3 days/week for 
up to 12 weeks. Results were compared to control rats, which 
are considered week 0 in this study.

Following euthanasia using Nembutal (120 mg/kg body 
weight), rats were perfused intracardially with 4% paraform-
aldehyde. Musculoskeletal tissues were harvested. Soft tis-
sues were dissected out and frozen sectioned en bloc into 15 
micrometer longitudinal sections, while bones were paraffi n 
embedded and cut into 5 micrometer sections, before mount-
ing on coated slides. Tissue sections on slides were analyzed 
for the presence of calcium salts using von Kossa staining. 
Sections with tendons were stained in 3% silver nitrate solu-
tion for 1.5 hours under intense light, rinsed in distilled 
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Figure 1. Flexor forelimb tendon vonKossa staining dramatically 
increased in HRHF 12 week rat tendon (B) compared to controls 
(A). (C) In HRLF week 12, OA increased in bone osteoclasts (oc) 
and osteocytes (os). (D) OA also increased in fi broblasts (f) in 
HRLF 12 week tendon.

and grasping task. The tendon OA increases in week 8 indi-
cate matrix remodeling changes that are delayed compared 
to bony tissues possibly due to the avascular nature of tendon. 
Tendon von Kossa staining may indicate the onset of patho-
logical calcifi c tendonitis as a result of performing repetitive 
and forceful tasks. Thus, this study shows that repetitive 
tasks catalyze changes at the cellular level in a variety of 
tissues.

References

1. Barbe MF, Barr AE, Gorzelany I, Amin M, Gaughan JP, Safadi FF. 
Chronic repetitive reaching and grasping results in decreased motor 
 performance and widespread tissue responses in a rat model of MSD. 
J Orthop Res 2003, 21:167–176.

2. Barr AE, Safadi FF, Gorzelany I, Amin M, Popoff SN, Barbe MF. 
 Repetitive, negligible force reaching in rats induces pathological 
 overloading of upper extremity bones. J Bone Mineral Res 18(11) 2003, 
2023–2032.

3. Clark BD, Al-Shatti TA, Barr AE, Amin M, Barbe MF. Performance of a 
High-repetition, high-force task induces carpal tunnel syndrome in rats. 
J Orthop Sports Phys Ther, 2004, 34(5):244–254.

4. Selim AA, Abdelmagid SM, Kanaan RA, Smock SL, Owen TA, Popoff 
SN, Safadi FF. Antiosteoactivin antibody inhibits osteoblasts differen-
tiation and function in vitro. Crit Rev Eukaryot Gene Expr 2003; 
13(2–4):265–75.

Figure 2. Graph shows that % area of osteoactivin immunoreactivity signifi cantly increased in week 5 in cortical bone and periosteum, and 
in week 8 in tendon of HRLF rats. *p < 0.001.

Osteoactivin

0 3 5 8 0 3 5 8
0 

10

20

30

40

50
Cortical Bone
Periosteum

*

*

Week

Osteoactivin

0 3 5 8 0 3 5 8
0

2

4

6

8
Muscle
Tendon

*

Week



107

Abstract

Gender Differences in Hip Strength, Muscle Activation, and 
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.6 N/kg; t = 2.4, p = .020) strength than females. Females had 
21% greater adductor longus EMG preparatory area (females 
= 6.7 ± 2.2, males = 5.3 ± 2.0; F = 4.5, p = .040), whereas 
males demonstrated 31% higher gluteus medius/adductor 
longus EMG preparatory muscle co-activation area ratio 
(females = 1.1 ± 0.5, males = 1.6 ± .7; F = 6.7, p = .010). No 
signifi cant gender differences existed in reactive EMG or 
TCMS.

Discussion

Center of mass stabilization in landing and deceleration is 
gained through optimal alignment of lower extremity joint 
segments and equalization of forces, requiring joint moments 
at the hip, knee, and ankle. Larger joint moments created 
with increased postural sway refl ect a longer time to center 
of mass stabilization, requiring greater muscle activation to 
achieve postural stability. This may be metabolically costly, 
leading to earlier onset of muscle fatigue, breakdown in 
landing technique, and increased risk of non-contact injury. 
Although possibly attributed to anatomical differences in 
pelvic width, greater adductor longus preparatory activity 
found in females may pre-align the hip in adduction, which 
with higher ground reaction forces would result in increased 
knee valgum. Greater gluteus medius/adductor longus 
co-activation in males, with greater gluteus medius pre-
activation, may refl ect a more effi cient landing strategy and 
optimal alignment of lower extremity segments in prepara-
tion for landing.

Conclusions

Despite gender differences in hip neuromuscular control 
strategies in preparation for landing, males and females were 
similar in achieving dynamic stability after ground contact. 
The extent to which this occurs on more demanding func-
tional tasks is unclear and may be important in explaining 
gender differences in acute non-contact knee injury risk.

Purpose

Dynamic instability has been associated with altered neu-
romuscular control and increased demand on joint stabiliz-
ing structures. Gender differences in hip sensorimotor con-
trol strategies used to achieve stabilization may refl ect a risk 
factor for acute non-contact knee injury. The purpose of this 
study was to examine gender differences in hip muscle 
strength and activation, and time to center of mass stabiliza-
tion (TCMS) on a functional landing task.

Methods

A post-test only design was used in a controlled labora-
tory setting. Forty healthy NCAA Division I collegiate and 
club sport athletes (20 males, 21.1 ± 1.7 years, height = 
181.2 ± 8.9 cm, mass = 85.3 ± 21.3 kg; and 20 females, 19.6 
± 1.4 years, height = 171.2 ± 8.8 cm, mass = 65.4 ± 7.4 kg) 
volunteered for the study. Isometric strength and strength 
ratios for the hip extensors, fl exors, abductors, adductors, 
and internal and external rotators were measured with a 
hand-held dynamometer. Participants then performed a two-
legged takeoff jump-to-one-legged landing, from a horizon-
tal distance equal to 50% of their standing height, over a 
foam hurdle 10% of their standing height. Participants landed 
on a force plate and were instructed to attain a stable position 
on the landing leg as quickly as possible. Electromyography 
(EMG) preparatory (150 ms) and reactive (250 ms) area and 
EMG co-activation area was collected for the gluteus maxi-
mus, biceps femoris, gluteus medius, iliopsoas, rectus femo-
ris and adductor longus; and TCMS was measured on a force 
plate. Hip strength was analyzed using Independent t-tests. 
EMG variables and TCMS were analyzed with multiple one-
way MANOVAs.

Results

Males had 13% greater isometric hip fl exor (males = 5.9 ± 
1.3, females = 5.2 ± .7 N/kg; t = 2.3, p = .030) and 15% 
greater external rotator (males = 5.3 ± 1.3, females = 4.5 ± 
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Figure 1. Two-legged standing broad-
jump to one-legged landing.

Figure 2. EMG

Figure 3. TCMS
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Results

MANOVAs identifi ed signifi cantly lower peak soleus and 
peroneus longus muscle activity in all four tasks, taped vs. 
un-taped (Soleus: BP (p = 0.015), CUT (p = 0.000), DJ (p = 
0.001, HOP (p = 0.001); peroneus longus = BP (p = 0.016, 
CUT (p = 0.003), DJ (p = 0.000), HOP (p = 0.001). Average 
area EMG increased for the anterior tibialis during the DJ 
(p = 0.03) while taped. GRF revealed signifi cance for the 
symptomatic group: decreased time to peak Fz while CUT 
un-taped (p = 0.04), increased time to peak (VGRF) for the 
DJ taped (p = 0.024), increased Fx while CUT taped (p = 
0.011) and un-taped (p = 0.036). Pain signifi cantly decreased 
in both groups while taped during HOP (p = 0.026) and CUT 
(p = 0.025).

Conclusions

ALDTT may provide support to the subtalar joint offering 
a more effi cient mechanism of force dissipation, thereby 
decreasing associated shin pain.

Purpose

Arch taping is a common treatment for individuals with 
pes planus. However, limited data exists on its impact on 
muscle activation and force dissipation. Therefore, the pur-
pose of this study is to evaluate muscle recruitment strate-
gies and ground reaction forces (GRF) in people with fl exi-
ble pes planus (FPP) using an augmented low-Dye arch 
taping technique (ALDTT) while performing functional 
tasks. 

Methods

A two group pre- and post-test non-equivalent group 
design was used. Twenty-two (11 males, 11 females, 20.27 ± 
1.61 years of age) people with a vertical navicular drop ≥10 
mm volunteered for this study. Subjects were divided into 
groups based on shin pain, control (no pain) and experimen-
tal groups (pain). Independent variables were tape and func-
tional tasks (backpedal (BP), cutting (CUT), drop jump (DJ), 
and hopping (HOP)). The dependent variables included sur-
face EMG (anterior tibialis, peroneus longus, and soleus) 
which measured time to peak, average area, and average 
peak following ground contact. GRFs measured included 
peak vertical force (Fz), range of force in medial-lateral (Fx), 
anterior-posterior (Fy) directions, center of pressure dis-
placement area (CPDA) and velocity (CPDV). Visual analog 
pain scale (VAP) was also used. Tests were counterbalanced 
and order was randomized. Statistical tests were performed 
using SPSS 12.0. A 2 (tape) x 2 (symptoms) MANOVA with 
repeated measures on tape determined differences in EMG 
and GRF’s between the two conditions in all four tasks (BP, 
CUT, HOP, DJ). A paired sample t-test assessed differences 
in CPDA, CPDV, and VAP between the two conditions in all 
four tasks. P = 0.05 determined signifi cance. 
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Results

The electric potentials were signifi cantly more negative 
after the skin incision (P = .036) and skin plus muscle inci-
sion (P = .008; preincision = 0.001 ± 0.015 V, skin incision 
= –0.127 ± 0.134 V, skin plus muscle incision = –0.192 ± 
0.153V; Figure 2). Current intensity changed signifi cantly 
after the skin plus muscle incision (P = .008; preincision = 
0.046 ± 0.112 pA, skin incision = –0.803 ± 0.904 pA, skin 
plus muscle incision = –1.708 ± 1.302 pA; Figure 3).

Conclusions

Soft tissue trauma generated negative transient electric 
changes.

Key Points

• Previous authors’ examinations of the transient electric 
properties of acutely injured tissue have led to the use of 
electromagnetic stimulation to promote healing in chronic 
skin ulcers and nonunion fractures.

• Surgical trauma induced changes in the electric proper-
ties of soft tissue.

• New therapeutic protocols that are based on electric 
changes in traumatized soft tissue may optimize healing in 
surgical incisions and muscle injury.

• Individualized therapeutic protocols may be needed to 
account for each patient’s unique infl ammatory response and 
structural distinctions. 

Purpose

Electric stimulation is frequently used to promote soft tis-
sue healing, although we do not have a complete understand-
ing of the tissue’s electromagnetic properties. The purpose 
of this study was to measure the transient electric changes in 
skin and muscle tissue immediately after surgical trauma.

Methods

A one-group time series study was performed in a climate-
controlled operating room in a public urban hospital. Eleven 
participants (8 females, 3 males) with a mean age of 65.18 ± 
11.36 years underwent an elective total hip arthroplasty. An 
incision approximately 10 cm distal to the posterior superior 
iliac spine was made, extending distally over the greater tro-
chanter and along the lateral limb. The incision was com-
pleted, identifying two layers: (1) skin and subcutaneous fat 
and (2) muscle tissue. Three measurement sessions were 
performed with an electrometer before and after a skin inci-
sion and after a muscle incision (Figure 1). Potential differ-
ences and current intensity were measured immediately after 
acute trauma to determine the transient electric changes 
associated with soft tissue injury. 

Previously published in Journal of Athletic Training 2007;42(4):524–9.

Figure 1
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Purpose

Postoperative knee stiffness following anterior cruciate 
ligament reconstruction (ACLR) can contribute to an unnec-
essarily prolonged rehabilitation course. Pain-associated 
refl exive muscle guarding has been observed in ACLR cases 
inhibited in their range of motion (ROM) recovery. 

The purpose of this study is to determine if differences 
existed in the neuromuscular stretch refl ex and psychologi-
cal factors of pain perception and anxiety between postop-
erative ACLR patient groups of a protracted and normal 
course of ROM recovery.

Methods

Design: Cross-sectional sixth-week postoperative design. 
Setting: Biokinetics Research Laboratory.
Patients or Other Participants: 44 volunteer partici-

pants (age, 25 ± 4.1 years; gender, 26 males, 18 females) 
consisting of ACLR patients and noninjured controls. The 
ACLR participants (same surgeon and rehabilitation proto-
col) were categorized into a slow recovery group (SRG: >6 
weeks to recover 0–125° knee fl exion [n = 10]) and a normal 
recovery group (NRG: <6 weeks to recover 0–125° knee 
fl exion [n = 12]). The control group participants (n = 22) 
were age, gender and athletic activity level-matched to the 
surgical participants.

Interventions: Neuromuscular testing consisted of 2-D 
video kinematics of the Wartenberg Pendulum Test deter-
mining lower limb stiffness indices (Figure 1), and electro-
myography-monitored patellar tendon tap refl ex responses 
(Figure 2). Psychological and health status assessments con-
sisted of the State-Trait Anxiety Inventory and SF-36TM 
Health Survey.

Main Outcome Measures: Lower limb stiffness and 
damping coeffi cients, neuromuscular response (refl ex latency, 
normalized patellar tendon refl ex response), pain perception, 
anxiety scores, and SF-36TM indices. Statistical analyses 
consisted of 3 (group) x 2 (leg) analysis of variance (ANOVA) 
and 1 x 3 group ANOVA with signifi cance set at p ≤ .05.

Results

Stiffness and damping coeffi cients, neuromuscular refl ex 
profi les, pain, anxiety and SF-36TM indices were not signifi -
cantly different between the surgical groups. The SRG and 
NRG had signifi cantly greater pain levels (27%, 2.67 ± 2.27; 
P < .01) and (15%, 1.49 ± 1.15; P < .01), respectively, than 
the control group. SF-36TM indices were signifi cantly lower 
for the SRG (18-46%, 546.55 ± 94.70; P < .01) and NRG 
(19–46%, 577.57 ± 125.58; P < .01) than the control group 
for total score, function, physical, social, and emotional sub-
scales. The SRG (14%) and NRG (17%) exhibited signifi -
cantly less damping (.6075 ± .4667, .4392 ± .1563; P = .049, 
respectively), than the control group.

Conclusions

Neuromuscular refl ex responses, pain, and anxiety are not 
distinguishing factors for ROM recovery between the SRG 
and NRG at the 6th postoperative interval. Pain and decreased 
SF-36TM indices are clinically relevant factors distinguishing 
and affecting postoperative ROM recovery rate. Interven-
tions to control pain should be considered to facilitate ROM 
recovery in ACLR patients and avert development of arthro-
fi brosis delaying return to athletic activity. 
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Figure 2. Patellar tendon tap refl ex testing apparatus.

Figure 1. Damped natural frequency of lower leg osscilation in the sagittal plane.
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Abbreviations Used

BMI: Body mass index
CRP: C-reactive protein
ELISA: Enzyme Linked-Immuno-Sorbent Assay
IL-1�: Interleukin-1 beta
IL-6: Interleukin-6
MSDs: Musculoskeletal disorders
NSAIDs: Non-steroidal anti-infl ammatory drugs
TNF�: Tumor necrosis factor alpha
UBMA: Upper body musculoskeletal assessment

Introduction

According to the most recent US Department of Labor 
survey of occupational injuries and illnesses, which reports 
on US private industry injury and illness records from 2004, 
musculoskeletal disorders (MSDs) accounted for 402,700 
(32%) of the injuries and illnesses with days away from 
work.1 Service industries accounted for 69% of all lost work 
day MSDs, and goods producing industries accounted for 
31% of all MSD cases. Upper extremity MSDs have a rela-
tively high impact on number of days away from work. For 
example, carpal tunnel syndrome is associated with the high-
est number of lost work days (median of 28 days), and inju-
ries to the shoulder and wrist accounted for median lost work 
days of 17 and 14, respectively. In addition, exposure to 
repetitive motion, such as grasping tools, scanning groceries, 
and typing, resulted in the longest absences from work by 
exposure type (median of 20 days). 

Despite epidemiological evidence linking the onset and 
severity of MSDs to repetitive and forceful tasks.2, 3 there is 
still much to learn about the underlying pathophysiology of 
these disorders. Previously, we conducted a series of studies 
using a rat model to explore the early onset of overuse MSDs 
in which we found motor behavioral and physiological tis-
sue changes similar to that seen in humans with overuse 
MSDs.4–7 We have shown a dose-dependent relationship 
between reach rate (i.e., level of overuse exposure) and the 
concentrations of the pro-infl ammatory cytokines interleu-
kin-1 alpha (IL-1�) and IL-1� in serum.4, 5 This body of 
work leads us to hypothesize that there is a relationship 
between severity of early onset upper extremity MSDs due 

Abstract

Musculoskeletal disorders (MSDs) from overuse are 
common occupational health problems that cause pain, 
functional loss, and loss of work time. Our goal was to 
determine if a relationship exists between the severity of 
early onset overuse-related MSDs of the upper extremity 
and serum levels of interleukin-1 beta (IL-1�), tumor 
necrosis factor alpha (TNF�), interleukin-6 (IL-6), and 
C-reactive protein (CRP). Twenty-two subjects affected 
with upper extremity MSDs due to overuse for no longer 
that 12 weeks were stratifi ed according to the severity of 
upper extremity signs and symptoms as determined by an 
upper body musculoskeletal assessment (UBMA). Nine 
asymptomatic subjects also participated. Serum cytok-
ines were analyzed using enzyme linked immunosorbent 
assays (ELISA), and CRP was analyzed using laser neph-
elometry technique. CRP was strongly correlated, and 
TNF�, IL-1� and IL-6 were moderately correlated with 
UBMA scores. Only CRP and TNF� were signifi cantly 
associated with UBMA scores in an ordinal logistic 
regression analysis in which age and body mass index 
(BMI) were covariates. These results are of clinical 
importance as they suggest that early onset overuse-
related MSDs may have an infl ammatory component. 
The possibility of using a combination of serum biomark-
ers to follow the progression of overuse-related MSDs or 
their response to therapeutic intervention may be of inter-
est to clinical practitioners and should be the focus of 
future research. 
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to overuse and the serum concentration of infl ammatory 
markers, such as pro-infl ammatory cytokines.

The cytokines IL-1, tumor necrosis factor alpha (TNF�) 
and IL-6 are intercellular signaling polypeptides produced 
by most injured cells as well as activated immune cells, 
including activated monocytes and macrophages.6, 8 Cytok-
ines are the chief stimulators of acute phase response pro-
teins, and contribute to the development and remediation of 
signs and symptoms of acute and chronic infl ammation, such 
as the recruitment of immune cells. IL-1 and TNF� can 
potently stimulate immune and stromal cell production of 
other cytokines and chemokines as well as most mechanisms 
of infl ammation, including phagocyte proliferation and acti-
vation, adhesion and angiogenesis.8 IL-6, a pleiotropic 
cytokine, has many pro-infl ammatory effects that overlap 
those of IL-1 and TNF�. For example, IL-6 induces all posi-
tive acute phase response proteins.9 IL-6 also increases in 
response to exercise independent of muscle damage.10 Inter-
stitial muscle and peritendon IL-6 production and subse-
quent release into the blood stream is relative to the intensity 
and duration of the exercise and occurs as a result of muscle 
glycogen depletion.10 The circulating IL-6 then acts in a hor-
mone-like fashion to regulate lipolysis and fat oxidation.11 
IL-1� and TNF� are not infl uenced by glycogen content in 
muscle, and thus are not elevated in serum during exercise 
unless tissue damage has occurred.11

The acute phase response is a general response designed 
to aid tissue repair and facilitate a return to physiological 
homeostasis. C-reactive protein (CRP) is a sensitive acute 
phase reactant produced by hepatocytes in the liver.12, 16 CRP 
is a prototypic infl ammatory marker of underlying low grade 
infl ammation12, 13 that is benefi cial in identifying individuals 
with unstable angina pectoris underlying coronary artery 
disease,14 or risk of future stroke.15, 16 CRP is also elevated in 
smokers, elderly at risk for mortality, and patients with meta-
bolic disease and diabetes.17 Although controversial, there is 
emerging evidence that CRP is not only a marker of the acute 
phase response but may also be causal in the pathogenesis of 
infl ammatory disease.17, 18

Kramer et al.19 developed a tool to quantify the severity of 
work-related MSDs known as the Upper Body Musculoskel-
etal Assessment Instrument (UBMA). The UBMA takes a 
regional approach to diagnosis using clinically common tests 
resulting in a single composite outcome score that quantifi es 
severity of work-related MSDs irrespective of specifi c diag-
nosis and may be useful in clinical diagnosis and evaluation 
of progress toward remediation. Test-retest reliability of the 
UBMA has been shown to be excellent (ICC = 0.88 for side 
of workplace equipment use and ICC = 0.94 for side oppo-
site equipment use) among patients with upper extremity 
MSDs due to overuse.19 In addition, the UBMA was shown 
to distinguish between a group of healthy controls and a 
group of workers with MSDs for both the side of equipment 
use and the side opposite equipment use (p < 0.001).19

In this study, we have utilized the UBMA in combination 
with biochemical assays of human serum to determine if a 
relationship exists between the severity of early onset over-
use MSDs of the upper extremity and circulating infl amma-
tory mediators and markers. Twenty-two subjects affected 
with upper extremity MSDs due to overuse for no longer 
than 12 weeks and 9 healthy, asymptomatic subjects partici-
pated. Serum was collected and examined for the presence 
of IL-1�, IL-6, TNF�, and CRP. We found that each of these 
proteins was progressively elevated with increasing UBMA 
score. However, only CRP and TNF� were signifi cantly 
associated with UBMA score in an ordinal logistic regres-
sion model.

Materials and Methods

Subjects

Subjects were recruited from an outpatient physical ther-
apy clinic, Chestnut Hill HealthCare facilities in Philadel-
phia, Pennsylvania, for participation in this study. Both the 
Temple University Institutional Review Board and Chestnut 
Hill Hospital Institutional Review Board approved all proce-
dures. The research was carried out in accordance with the 
Declaration of Helsinki (2000) in the World Medical Asso-
ciation. All subjects signed an informed consent after full 
explanation of the purpose, nature and risk of all procedures. 
Individuals with a history of upper extremity MSDs due to 
overuse of no longer than 12 weeks duration were included 
in the study. A standardized demographic questionnaire cov-
ering medical history and medication use was administered. 
Exclusion criteria included a history of infl ammatory dis-
ease (e.g., lupus, rheumatoid arthritis, diabetes, non-medi-
cally controlled hypertension), cancer, known coronary 
artery disease, disease processes that required ongoing treat-
ment with steroids or non-steroidal anti-infl ammatory drugs 
(NSAIDs), and cigarette smoking. Subjects were also 
excluded if they were medically unable or unwilling to 
refrain from taking NSAIDs or full dose aspirin for a period 
of 7 days. Individuals with a history of hypertension were 
included if the hypertension was currently controlled with 
medication. The study’s demographic questionnaire included 
characteristics such as age, gender and race. Information 
was obtained related to the subject’s referring diagnosis, 
occupation and/or primary activity related to the develop-
ment of MSD. Body mass index (BMI) was calculated as 
weight (in kg) divided by the square of height (in m).

Subjects were examined by the same physical therapist 
using the UBMA as described by Kramer et al.19 Twenty-two 
symptomatic subjects were recruited using a stratifi ed, non-
random sampling procedure where the strata were 
predefi ned UBMA score ranges (50–74, 75–99, and ≥100; 
n = 6–9 subjects per stratum). This sampling procedure was 
undertaken to obtain a full range of UBMA scores. Nine 
healthy, asymptomatic subjects were also included, and their 
UBMA scores were all less than 50. 
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Biochemical Analysis of Serum

Subjects were asked to refrain from performing strenuous 
exercise and taking NSAIDs or full dose (325 mg) aspirin 
for 7 days prior to the drawing of blood samples. Subjects 
taking low dose aspirin (81 mg/day) were included in this 
study. Venous blood samples were drawn from all subjects 
between 7 a.m. and 12 noon, and were collected into sterile 
Enzyme Catalyzed Therapeutic Activation (ECTA) tubes 
(5 � 10–3 mol/l; Labco, Califon, NJ) containing aprotinin 
(bovine lung 15–30 U/ml; Sigma (St. Louis, MO) at 0.67 
U/ml. Serum was immediately separated from cells and 
platelets by centrifugation at 400 g for 7 minutes and then at 
10,000 g for 7 minutes at 4°C. Following removal of appro-
priate quantities of serum for C-reactive protein (CRP) anal-
ysis, the aqueous phase was aspirated and stored in 150 
microliter aliquots at –80°C until assayed as described below. 
Aliquots were assayed in batches to avoid any thawing and 
refreezing.

CRP was measured by a modifi cation of the laser neph-
elometry technique (Berhing Diagnostics, GMGH, Deer-
fi eld, Illinois) according to standard protocols by the Chest-
nut Hill Hospital Pathology Lab. The CRP assay was 
standardized according to the World Health Organization 
First International Reference Standard. Data are expressed 
in mg/dL to be consistent with conventional units of report-
ing in the clinical literature.

For analysis of cytokines, serum samples were allowed to 
thaw on ice. Commercially available Enzyme Linked-
Immuno-Sorbent Assay (ELISA) kits (OptEIA ELISA kits 
for human serum; catalog numbers 55911, 550799, 5550610, 
respectively; BD Biosciences, San Diego, CA) with high 
sensitivity for serum cytokine levels were used to determine 
the circulating levels of the three cytokines, IL-1�, IL-6, and 
TNF�. Each sample was run in duplicate for ELISA assays 
as a measure to control pipetting error. A mean was calcu-
lated from the duplicate values for further analysis. Data are 
expressed in pg/ml serum to be consistent with conventional 
units of reporting in the clinical literature.

Statistical Analysis

A comparison between UBMA scores for the asymptom-
atic and symptomatic subjects was performed using a Mann-
Whitney U test. In addition, the number of single and mul-
tiple site impairments in symptomatic subjects was compared 
to that in asymptomatic subjects using a Chi square test. 
Comparisons of BMI and age between symptomatic and 
asymptomatic subjects were performed using independent 
samples t-tests. Spearman’s rank correlation tests were used 
to determine correlations between each infl ammatory bio-
marker and UBMA score. Ordinal logistic regression analy-
sis with backward elimination was used to determine which 
combination of the infl ammatory biomarkers, age and BMI 
were associated with UBMA score. SAS (SAS Institute, 
Inc., Cary, NC) was used for the statistical analyses. P-values 
of less than 0.05 were considered signifi cant for all analyses.

Results

General characteristics of the subjects, existence of medi-
cally controlled hypertension, occupation and/or primary 
activity related to MSD, are given in Table 1, as are the 
UBMA scores. Table 2 summarizes the referring diagnoses, 
symptom duration and medications used during the time of 
the study for each subject. All of the referring diagnoses 
involved disorders of the upper extremity. The average dura-
tion of symptoms was 51.7 ± 18.9 (mean ± SD) days with a 
range from 17 to 76 days. Independent samples t-tests 
showed no signifi cant differences between the asymptomatic 
and symptomatic subjects with respect to age (p = 0.23) and 
BMI (p = 0.65). A Mann-Whitney U test showed that UBMA 
score was signifi cantly higher in the symptomatic group as 
compared to the asymptomatic group (p < 0.0001). Table 3 
summarizes the UBMA results describing the number and 
type of impairments. The frequency of single site impair-
ments (i.e., those related to a single anatomical region) was 
greater in symptomatic than in asymptomatic subjects (7 and 
53, respectively), as was the frequency of multiple site 
impairments (i.e., those related to multiple anatomical 
regions; 1 and 28, respectively). Chi square analysis con-
fi rmed this difference between symptomatic and asymptom-
atic groups in single and multiple site impairments (�2 = 
348; .001�2(1) = 10.83).

Spearman’s rank correlation tests showed that all of the 
biomarkers were positively correlated with UBMA score. 
As shown in Figure 1, CRP was the most highly correlated 
with a Spearman’s rank correlation coeffi cient of rs = 0.81 
(p < 0.0001). IL-1� was a moderately correlated biomarker 
with a Spearman’s rank correlation coeffi cient of rs = 0.70 
(p < 0.0001), as were TNF� (rs = 0.66; p < 0.0001) and IL-6 
(rs = 0.52; p = 0.003).

Mean values for the serum levels of each biomarker are 
shown in Table 4 and refl ect the correlational fi ndings of 
increasing biomarker level with increasing UBMA score. 
Ordinal logistic regression analysis using the cut points 
for UBMA score indicated in Table 4 showed that CRP 
(p = 0.0003) and TNF� (p = 0.0007) were signifi cantly asso-
ciated with an increased UBMA score (Table 5). IL-1� and 
IL-6 were removed from the model with p values of 0.09 and 
0.48, respectively. The covariates age (p = 0.16) and BMI 
(p = 0.62) were also removed from the model.

Discussion

Overall, there was a positive relationship between MSD 
severity, as refl ected by UBMA score, and cytokine and CRP 
concentrations. All of the markers were positively correlated 
with UBMA: CRP was strongly correlated, and IL-1�, TNF� 
and IL-6 were moderately correlated. However, only CRP 
and TNF� were signifi cantly associated with UBMA score 
in an ordinal logistic regression model. These results are 
consistent with the progressive increase in the levels of these 
markers with increasing severity of UBMA score.
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The results from the UBMA showed the presence of local 
signs of pain, tenderness, peripheral nerve irritation, weak-
ness and limited motion that progressively increased in num-
ber with increasing serum CRP, IL-1� and TNF� levels. The 
number of cases with involvement of multiple anatomical 
sites also increased with increased MSD severity and 
increased serum CRP, IL-1� and TNF� levels. These results 
are similar to those of Ravaglia et al.20 showing that at least 
CRP has a strong association with functional impairment. 
These results are also similar to those from an earlier study 
of IL-1� using a rat model of MSD developed in our labora-
tory.4, 5 It seems intuitive that the more severe the MSD, the 
more sites are injured, the larger the acute phase response 
and thus the larger the concentration of serum infl ammatory 
mediators and markers. Therefore, we suggest that the sys-
temic infl ammatory response is associated with local signs 

Table 1. Demographic Characteristics of Subjects Ranked by Upper Body Musculoskeletal Assessment (UBMA) Score. 
Means and standard deviations are shown for age and body mass index (BMI). Means and mean ranks, 

as determined for the Mann-Whitney U test, are shown for UBMA score.

UBMA Score Gender Age Race/hypertension BMI (kg/m2) Occupation/Primary Activity Related to MSD

Asymptomatic Subjects
10 Fa 47 Caucasian 19.2 Nurse
11 Fa 49 Caucasian 23.0 Biomedical Engineer
12 M 46 Caucasian 22.0 Maintenance Engineer
16 M 29 Caucasian 24.6 Physical Therapist
22 F 37 Caucasian 20.3 Clerk
30 F 19 Caucasian 16.8 Administrative Assistant
31 M 30 Caucasian 25.2 Clerk
31 Fa 46 Caucasian 24.0 Biomedical Engineer
41 Fa 48 African-American 29.3 Hospital Administrator
39.0 (Mean) 39.0 (Mean) 22.7 (Mean)
5.0 (Mean rank) 10.8 (SD)  3.7 (SD)

Symptomatic Subjects
50 M 29 Caucasian 24.4 Nurse
51 F 28 Caucasian 20.6 Engineer
52 Fa 69 Caucasian 20.1 Gardener, Potter
56 Fb 26 Caucasian 16.9 Recreation Therapist
56 M 33 Caucasian 26.2 Clerk
59 F 26 Caucasian 25.0 Nurse
66 M 42 Caucasian 23.5 Stockroom Clerk
66 F 34 Hispanic 20.4 Nurse (retired 1 month)
78 M 25 Caucasian 21.0 Engineer
78 F 31 Caucasian 27.0 Cardiologist
83 F 39 Caucasian 23.4 Engineer
84 M 73 Caucasian 27.3 Gardener, House Painter
86 F 39 Caucasian 22.1 Teacher
88 M 29 Caucasian 24.9 Cable TV Installer
90 M 49 Caucasian 24.0 Laboratory Technician
91 Fa 62 Caucasian 21.1 Computer Programmer
102 M 66 Caucasian 23.5 Woodworker
105 M 54 Caucasian 19.7 Manager
106 M 74 African-American 26.9 Artist (painter)
109 M 57 Caucasian 19.1 Consultant
119 Fa 56 Caucasian 32.6 Manager
124 Fa 54 Caucasian 24.0 Cook
81.6 (Mean) 45.2 (Mean) 23.4 (Mean)
20.5 (Mean rank)* 16.7 (SD)  3.5 (SD)
aPost-menopausal subject; bsubject menstruating at the time of serum collection; cHistory of hypertension that is currently controlled medically.
*Signifi cantly different from asymptomatic subjects by Mann-Whitney U test (p < 0.0001).

and symptoms of infl ammation in humans as in our rat 
model. It is likely that the systemic response is initiated by a 
local response and is proportionally amplifi ed in the pres-
ence of greater tissue injury and infl ammation (i.e., greater 
number of physical signs, symptoms and impairments). The 
increase in the number of affected anatomical sites may be 
either a cause or an effect of the systemic infl ammatory 
response.

In contrast to IL-1 and TNF�, circulating IL-6 has a more 
complex relationship with MSD severity in this study. The 
pleiotropic effects of IL-6 may help explain these results. 
IL-6 is a tightly regulated cytokine that is not normally 
detected in serum unless there is trauma, infection, cellular/
tissue stress, or during or following muscle glycogen-
depleting exercise intensities.10, 11, 21 In the case of infection 
or infl ammation, IL-6 is an early cytokine responder.21, 22 
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Pro-infl ammatory effects of IL-6 include induction of cell 
growth and proliferation, infl ammation, and acute-phase 
responses.22, 23 It also appears to have anti-infl ammatory 
actions such as inducing increases in circulating levels of 
IL-1 receptor antagonist and soluble TNF receptor.22, 24 These 
activities would have a potent anti-infl ammatory effect by 
suppressing the actions of circulating IL-1 and TNF�. We 
would expect the IL-6 concentrations in the serum of our 
subjects to fl uctuate depending upon whether IL-6 is induc-
ing pro- or anti-infl ammatory effects, and would further 
hypothesize that symptomatic subjects less severely affected 

Table 2. Referring Diagnoses, Symptom Duration and 
Medication Use Ranked by Upper Body Musculoskeletal 

Assessment (UBMA) Score

UBMA 
Score Referring Diagnosis

Symptom 
Duration 

(Days) Medications

Asymptomatic Subjects
 10 N/A N/A
 11 N/A N/A HCTZ
 12 N/A N/A Flonase
 16 N/A N/A
 22 N/A N/A Flonase
 30 N/A N/A Mvi
 31 N/A N/A
 31 N/A N/A Tylenol
 41 N/A N/A Mvi

Symptomatic Subjects
 50 Median neuropathy 61 Atenelol
 51 Lateral epicondylitis 52
 52 Wrist tendonitis 18 Tylenol, Pravachola

 56 Wrist sprain 30
 56 Wrist strain 45 Motrin
 59 Myalgia 33
 66 Overuse syndrome 66
 66 Wrist extensor strain 61 Birth Control Pills
 78 Rotator cuff tendonitis, 

wrist strain
66

 78 Lateral epicondylitis 72 Birth Control Pills
 83 Carpal tunnel syndrome 29 Birth Control Pills
 84 Early compartmental 

syndrome
17 Low Dose Aspirin, 

Mvi, Plavix
 86 Overuse syndrome 

forearm
32 Tylenol, Neurontin

 88 Tendonitis 72
 90 Tendonitis 48 Tylenol PM, 

Neurontin
 91 Carpal tunnel syndrome 55 Prilosec
102 Carpal tunnel syndrome 64
105 Cervical strain, pronator 

teres syndrome
71 Low Dose Aspirin, 

Pravachola

106 Bicipital tendonitis, 
hand edema

68 Mvi, Lopressor, 
Dilantin

109 Bicipital tendonitis 34
119 Wrist tendonitis 67 Zocora

124 Carpal tunnel syndrome 76 Tylenol, Pravachola

51.7 (mean)
18.9 (SD)

HCTZ = hydrochlorothiazide; Mvi = multivitamins; N/A = not applicable. 
aIndicates a statin medication.

Table 3. Impairments Identifi ed by Upper Body 
Musculoskeletal Assessment (UBMA) in Asymptomatic 

and MSD Groups

Impairment
# Single Site 
Impairments

# Multiple Site 
Impairments

Asymptomatic Subjects
Resisted MMT  0  0
PROM  1  0
Trigger Point  5  1
Median Tinel  1 N/A
Finkelstein  0 N/A 
Phalen  0 N/A
Adson  0 N/A
Grasp/Pinch  0 N/A
Total  7  1

Symptomatic Subjects
Resisted MMT 10  9
PROM  7 10
Trigger Point 10 17
Median Tinel  6 N/A
Finkelstein  4 N/A
Phalen  7 N/A
Adson  3 N/A
Grasp/Pinch 15 N/A
Total  53*  28*

N/A = not applicable because none of these tests are administered to mul-
tiple sites. 
MMT = manual muscle test. PROM = passive range of motion.
*Signifi cantly higher observed frequency than expected from the frequency 
in asymptomatic subjects as determined by �2 analysis (p < 0.001).

(i.e., those with UBMA scores in the 50–75 range) would 
benefi t the most from the anti-infl ammatory functions of 
IL-6, such as attenuating IL-1� and the highly cytotoxic 
TNF�. Indeed, in our subjects, serum levels of TNF� are 
within range of control values at UBMA scores between 50 
and 75 (Figure 1C), as are IL-1� levels in 3 of 8 subjects 
(Figure 1B). Among more severely affected subjects (i.e., 
those with UBMA scores above 100), IL-6 may augment the 
infl ammatory response, or it may be unable to downregulate 
the production of other proinfl ammatory cytokines.

Our serum results differ from those in a study by Freeland 
et al.25 in which serum and tenosynovial tissues were exam-
ined in 41 patients with idiopathic carpal tunnel syndrome 
(most with abnormal nerve conduction velocity changes). 
Serum was collected 1 week prior to carpal tunnel release 
surgery, while tendosynovial tissue was collected at the time 
of surgery. Their fi ndings of increased serum malondialde-
hyde, a marker of cell injury resulting from reperfusion, an 
absence of serum IL-1 and IL-6, as well as increased malon-
dialdehyde, prostaglandin E2 and IL-6 in the tendosynovial 
tissues, led them to hypothesize that idiopathic carpal tunnel 
syndrome has a non-infl ammatory ischemia-reperfusion eti-
ology that results in fi brosis of carpal tunnel tissues. We also 
found fi brosis of carpal tunnel tissues in our rat model 
between 9 and 12 weeks, a few weeks after the onset of the 
infl ammatory response.7 The fi brotic carpal tunnel changes 
were accompanied by signifi cant declines in median nerve 
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conduction velocity. Recent and as yet unpublished results 
from our rat model indicate that the serum cytokine levels 
return to normal after the changeover to a fi brotic tissue 
state. We hypothesize that our observed serum infl ammatory 
responses in both this current human study and in our previ-
ous rat studies are signs of early onset of MSDs and are not 
indicative of later stages of MSDs. We would also like to 
note that this current study is not entirely comparable to 
Freeland’s study. We had only 4 patients diagnosed with car-
pal tunnel syndrome in this study. The remainder of our 
symptomatic subjects had musculoskeletal overuse diagno-
ses. Further experimentation is needed to determine if the 
involvement of musculoskeletal tissues instead of or in addi-
tion to nerve tissue is necessary for an increase in serum 
cytokines.

There are many patient characteristics in addition to the 
presence of MSD that may affect the serum concentrations 
of these infl ammatory biomarkers. While intense and pro-
longed exercise elevates IL-6 due to exercise-induced glyco-
gen depletion,10, 11 repetitive low intensity exercise does not 
appear to contribute to elevated serum IL-6 levels.26 In a 
study using microdialysis catheters to measure IL-6 levels in 
the trapezius following 20 minutes of repetitive low-force 
exercise, interstitial muscle levels of IL-6 were elevated but 
not serum levels.26 Conversely, in another study by Chan et 
al.,11 serum levels of IL-6 increased signifi cantly after 2.5 
hours of high intensity, glycogen-depleting exercise. Circu-
lating levels of IL-6 have been shown to remain increased 

Figure 1. Infl ammatory biomarker concentrations versus upper 
body musculoskeletal assessment (UBMA) scores for all symptom-
atic (n = 22) and asymptomatic (n = 9) subjects showing Spear-
man’s rank correlation coeffi cients (rs). (A) C-reactive protein 
(CRP); (B) interleukin-1� (IL-1Beta); (C) tumor necrosis factor � 
(TNF alpha); and (D) interleukin-6 (IL-6). Vertical dashed lines 
show cut points used in ordinal logistic regression. Horizontal 
arrows indicate ranges of scores for asymptomatic (left arrow) and 
symptomatic (right arrow) subjects.

Table 4. Summary of Mean (SD) Infl ammatory Marker 
Concentrations in Serum for the Asymptomatic and 

Symptomatic Groups Calculated According the Cut Points 
Used in the Ordinal Logistic Regression Analysis.

CRP is expressed in mg/dL, and TNF�, IL-1� and IL-6 
are expressed in pg/ml.

UBMA Score 
Range CRP TNFa IL-1b IL-6

0–49 
(asymptomatic)

0.08
(0.12)

2.87
(1.18)

1.29
(1.04)

1.05
(0.94)

50–74 0.16
(0.09)

3.35
(1.49)

2.73
(2.18)

3.82
(1.32)

75–99 0.54
(0.20)

4.93
(2.49)

4.33
(2.50)

3.11
(2.93)

100–150 0.54
(0.22)

8.45
(3.32)

6.95
(3.35)

4.80
(1.42)

CRP = C-reactive protein, IL-1 = interleukin, SD = standard deviation, 
UBMA = upper body musculoskeletal assessment.

Table 5. Summary of Final Step in the Backward Ordinal 
Logistic Regression Model Showing the Signifi cant Variables, 

C-reactive Protein (CRP) and Tumor Necrosis 
Factor Alpha (TNF�)

Variable Name OR CI p

CRP >999.9 111.8–>999.9 0.0003
TNF� 2.2 1.4–3.4 0.0007

OR = odds ratio; CI = 95% confi dence interval.
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for 48 hours after prolonged exercise.27 Therefore, our sub-
jects were asked to refrain from vigorous exercise for 7 days 
before having their blood drawn. While we did not ask them 
to refrain from light intensity exercise, it is unlikely that our 
measures were affected by low intensity physical activity, as 
suggested by Rosendal et al.26

The more severely affected symptomatic subjects show 
similar CRP levels as elderly subjects28 and patients with 
non-medically controlled angina,14 but greater than smok-
ers.15 Hypertension, obesity and high coffee intake contrib-
ute to levels of serum CRP and TNF� that are similar to 
those seen in our more severely affected subjects, and to 
serum levels of IL-6 seen in all of our symptomatic sub-
jects.29–31 The IL-6 levels in our MSD subjects are also simi-
lar to the very elderly, aged smokers, and aged patients with 
signifi cantly reduced functional status,32 although consider-
ably higher than levels found by Hager et al.9 in elderly sub-
jects. All of our subjects had CRP and serum cytokine levels 
that were considerably lower than those seen in studies 
examining patients with severe trauma with risk for mortal-
ity, cardiogenic shock and sepsis.33–35, 49

Obesity is associated with an increase in serum CRP, 
TNF� and IL-6.30, 36 In our study, the mean BMIs for the 
asymptomatic and MSD groups were below the threshold 
for obesity of 30 kg/m2 defi ned by the American Heart Asso-
ciation (Table 1; americanheart.org). Only one of our symp-
tomatic subjects would be considered obese. Therefore, BMI 
was not a signifi cant covariate in our regression model, 
although a sample with a larger number of obese individuals 
might give a different result.

Medications may affect serum levels of infl ammatory 
mediators. Statin medications have been shown to reduce 
serum levels of IL-1�37 and CRP,37, 38 but not TNF�.39 Low 
dose aspirin has been shown to reduce IL-1�, but not CRP.37 
We did not exclude subjects who were prescribed and taking 
low dose aspirin (81 mg/day) and statin drugs. Four of our 
symptomatic subjects were prescribed statin therapy or low 
dose aspirin (Table 2). Since statins and aspirin tend to lower 
CRP and pro-infl ammatory cytokine levels, their ingestion 
by any of our subjects would lower the concentration of the 
biomarkers, thereby diluting our main effects and, therefore, 
at least not falsely supporting our hypothesis.

Hormonal factors also affect the production of infl amma-
tory mediators, and may help explain the increased suscepti-
bility of women to overuse MSDs. Estrogens exacerbate 
infl ammation making women more vulnerable to chronic 
infl ammatory disorders.40 Lack of estrogen, through natu-
rally occurring or medically induced menopause, is associ-
ated with systemic increases in IL-6, and localized tissue 
increases in IL-1, IL-6 and TNF�.41–43 In addition, the use of 
hormone replacement therapy might be associated with an 
enhanced thrombotic tendency.44, 45 The evidence is equivo-
cal about the relationship between pro-infl ammatory cytok-
ines and estrogen. We are uncertain as to the effect of not 
stratifying our female subjects by their hormonal status other 

than recording whether the subject was post menopausal or 
menstruating at the time of serum collection. Four of the 9 
asymptomatic subjects were postmenopausal, whereas 5 of 
the 22 symptomatic subjects were postmenopausal or men-
struating at the time of serum collection. The effect of this 
small number of subjects would tend to dilute our main 
effects, thus not falsely supporting our hypothesis.

The effect of aging on CRP and cytokine production has 
also been studied extensively. Roubenoff et al.46 found that 
serum concentrations of IL-6, CRP and IL-1 receptor antag-
onist, but not IL-1� or TNF�, were increased in elderly sub-
jects (mean age 79 years) compared to younger control sub-
jects (mean age 39 years). In addition, the increased 
concentration of IL-6 was correlated with an increased serum 
concentration of CRP. The authors postulated a dysregula-
tion of IL-6, CRP and IL-1 receptor antagonist with aging. 
However, since fi ndings by Macy et al.12 and Chrysohoou et 
al.29 indicate a weak or absent association of CRP with age, 
perhaps the elevation of CRP in the elderly population stud-
ied by Roubenoff was due to infl ammatory comorbidities, 
which were not reported. On the other hand, in a large study 
of community-dwelling elderly (aged 65 and older) by 
Cohen et al.,32 elevation of IL-6 was correlated strongly with 
age independent of several selected disease states and disor-
ders of aging. Similar results of increased proinfl ammatory 
cytokine activity after menopause have been found in numer-
ous studies.32, 47, 48 In our study, even though the mean age of 
our symptomatic subjects was higher than that of our asymp-
tomatic subjects, the difference was not statistically signifi -
cant. Despite there being 4 individuals among our symptom-
atic subjects greater than 65 years of age (Table 1), age was 
not found to be a signifi cant covariate in the ordinal logistic 
regression model. While inclusion of a larger number of 
aged subjects might change this fi nding, the age group 
included in this study is certainly representative of working-
age adults, which is a group greatly affected by overuse 
MSDs.1–3

Cardiovascular problems such as severe unstable angina,14 
underlying coronary artery disease, hypertension, and risk of 
future stroke15, 16 are well known to result in elevation of 
CRP. CRP and proinfl ammatory cytokines have been shown 
to be among the fi rst responders in many infl ammatory and/
or infectious conditions. For example, Fida et al.49 evaluated 
the utility of using serum levels of IL-1�, IL-6, TNF� and 
CRP in differentiating sepsis from meningitis in children. 
They found that optimal cut-off points (i.e., the points that 
allow detection of as many true positive and as few false 
positive results as possible) were 0.70 mg/dL for CRP, 12.07 
pg/ml for IL-1�, 5.43 pg/ml for IL-6, and 27.35 pg/ml for 
TNF�. Liuzzo et al.50 evaluated the prognostic value of CRP 
in adults with unstable angina. Using a cut-off point for CRP 
of 0.3 mg/dL as a marker for subsequent cardiac events or 
the need for urgent angioplasty, they found a sensitivity of 
90% and a specifi city of 82%. Our fi ndings also suggest a 
relationship between the severity of MSD and the plasma 
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concentrations of CRP and the proinfl ammatory cytokines. 
Although serum concentrations among our subjects are 
below the cut-off points for severe conditions, such as sepsis, 
they are comparable to those for cardiac disease risk. If CRP 
is a mediator of future cardiac events, as some recent hypoth-
eses in the literature suggest, then the elevated CRP levels 
induced by overuse leading to MSDs could contribute to 
future cardiac problems if left unchecked. Clearly, the clini-
cal use of these measures in determining the specifi c cause 
of an infl ammatory disease process has limitations and it is 
necessary to control for potentially confounding factors 
when using CRP and proinfl ammatory cytokines as disease 
markers. However, their usefulness in identifying an under-
lying infl ammatory component may add signifi cantly to the 
understanding of a disease process, and these biomarkers 
may prove useful in determining the exacerbation or remis-
sion of the infl ammatory response in MSDs such as might 
occur with chronic risk factor exposure or clinical intervention. 

Conclusion

Several key points are supported by these fi ndings. First, 
early onset MSDs due to overuse are associated with a sys-
temic infl ammatory response as demonstrated by a direct 
positive relationship between serum concentrations of key 
markers of infl ammation and symptom severity in subjects 
with early onset MSDs. Second, increases in serum biomark-
ers are associated with an increase in the number of local 
signs of pain, tenderness, peripheral nerve irritation, weak-
ness and limited motion as well as the involvement of mul-
tiple anatomical sites among these subjects. Recent work in 
our animal model of repetitive motion injury shows that 
local tissue injury and infl ammatory responses are linked to 
a systemic release of proinfl ammatory cytokines. Therefore, 
the results of the present study indicate that the infl amma-
tory markers refl ect an underlying low grade infl ammatory 
process induced by overuse. Third, the magnitude of the sys-
temic serum response in the patients with more severe MSD 
signs and symptoms is of the same order as several low grade 
chronic infl ammatory conditions known to produce elevated 
serum pro-infl ammatory biomarkers, although not as high as 
major organ trauma, serious infections or infl ammatory dis-
eases. Therefore, in any study that monitors the serum levels 
of pro-infl ammatory cytokines and CRP, care must be taken 
to control for other confounding characteristics, diseases and 
injuries. Based on our results, MSDs should be counted 
among these confounding variables. Fourth, while the non-
specifi city of the serum cytokine and CRP response presents 
limitations to the use of these markers in the diagnosis of 
specifi c overuse MSD conditions, the potential use of mul-
tiple serum infl ammatory marker levels as indicators of the 
exacerbation and resolution of MSDs in combination with 
the UBMA instrument or a similar assessment tool is com-
pelling, may be of interest to clinical practitioners and should 
be the focus of future research. 
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to six times more often than men and is associated with the 
dominant hand during middle age.1–3, 6–8 Historically, overex-
ertion from household duties was the most common reported 
cause. Occupations requiring repetitive typing, lifting, and 
manipulation have been considered risk factors, as well. 
Ranney et al.9 studied female workers in highly repetitive 
jobs and showed de Quervain disease to be the most preva-
lent tendon disorder of the wrist. Pregnant and lactating 
women represent an increasing cohort of patients with new-
onset, self-limited de Quervain disease.10–13

Anatomy

Knowledge of the anatomy of the dorsal compartments of 
the wrist is central to understanding the pathophysiology of 
de Quervain disease. Many of the muscles that produce fi n-
ger motion exist outside the hand (extrinsic muscles) and are 
opposed by muscles within the hand (intrinsic muscles). The 
extrinsic muscles exert their force by transmitting tension 
via tendons traveling through unyielding fi bro-osseous tun-
nels on the radius. Six fi bro-osseous tunnels representing the 
dorsal compartments on the distal radius surround the exten-
sor tendons and function to prevent bowstringing of the 
extensor tendons. Each compartment is lined with a synovial 
sheath membrane.

The fi rst dorsal compartment is approximately 2 cm long 
and is located over the radial styloid proximal to the radio-
carpal joint. The abductor pollicis longus (APL) and the 
extensor pollicis brevis (EPB) tendons pass through this 
compartment (Figure 1). The APL originates on the distal 
third of the radius and has multiple slips (2 to 4), with vari-
able insertions on the base of the thumb metacarpal and tra-
pezium. The primary function of the APL is to abduct the 
thumb and assist with radial deviation of the wrist. The EPB 
originates on the dorsal surface of the radius and the 
interosseous membrane and inserts on the base of the proxi-
mal phalanx of the thumb. The EPB functions to extend the 
metacarpophalangeal joint and to weakly abduct the thumb.

Pathophysiology

Stenosing tenosynovitis of the fi rst dorsal compartment is 
caused by attritional forces secondary to friction; the attri-
tional forces produce swelling and thickening of the exten-

Abstract

de Quervain disease, or stenosing tenosynovitis of the 
fi rst dorsal compartment of the wrist, is a common wrist 
pathology. Pain results from resisted gliding of the abduc-
tor pollicis longus and the extensor pollicis brevis ten-
dons in the fi bro-osseus canal. de Quervain tenosynovitis 
of the wrist is more common in women than men. Diag-
nosis may be made on physical examination. Radiographs 
are helpful in ruling out offending bony pathology. Non-
surgical management, consisting of corticosteroid injec-
tions and supportive thumb spica splinting, is usually suc-
cessful. In resistant cases, surgical release of the fi rst 
dorsal compartment is done, taking care to protect the 
radial sensory nerve and identify all accessory compart-
ments. Repair of the extensor retinaculum by step-cut 
lengthening or other techniques is rarely required.

de Quervain disease is a stenosing tenosynovitis of the 
fi rst dorsal compartment of the wrist. It often presents with a 
gradual onset of pain that may be exacerbated by grasping, 
thumb abduction, and ulnar deviation of the wrist. The etiol-
ogy is thought to be secondary to repetitive or sustained ten-
sion on the tendons of the fi rst dorsal compartment. This ten-
sion produces a fi broblastic response, resulting in thickening 
and swelling of the compartment and discomfort with use of 
the hand and wrist. 

Fritz de Quervain,1 a Swiss physician, is credited with 
describing the condition when he presented a case series in 
1895. In 1930, Finkelstein2 presented 24 cases, provided a 
detailed review of the literature and results of animal studies, 
and described a physical examination test. Patterson3 fi rst 
dubbed the condition de Quervain disease in 1936. Multiple 
names have been attributed to de Quervain disease, includ-
ing stenosing tenosynovitis, stenosing tendinitis, peritendi-
nitis, styloid tenovaginitis, and stenosing tendovaginitis (as 
used by de Quervain). These terms are misleading, however, 
because they imply merely infl ammation of the tendon, 
whereas de Quervain disease represents an attritional and 
degenerative process of the compartment.4, 5 

No long-termepidemiologic study has been done of the 
prevalence of de Quervain disease, but it is known to be rela-
tively common. Case series suggest that it affects women up 

Copyright American Academy of Orthopaedic Surgeons. Reprinted from the Journal of the American Academy of Orthopaedic Surgeons, Volume 15(12), pp. 
757–764 with permission.
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sor retinaculum covering the fi rst dorsal compartment. The 
functional impairment is secondary to resisted gliding of the 
APL and the EPB within the narrowed fi bro-osseous canal, 
resulting in pain and decreased motion.14

The histopathology of de Quervain disease generally does 
not involve infl ammation but is related instead to thickening 
of the extensor tendons and surrounding extensor retinacu-
lum. Clarke et al.5 examined the microanatomic fi ndings of 
the tendon sheaths and synovium of symptomatic patients; 
these authors found thickening of the tendon sheaths to be up 
to fi ve times that of control subjects because of deposition of 
dense fi brous tissue, increased vascularity of the tendon 
sheaths, and accumulation of mucopolysaccharides, which 
are indicators of myxoid degeneration. Notably, the synovial 
linings were preserved and were histologically normal. The 
authors postulated that these changes, as opposed to the 
common histologic changes seen in chronic infl ammation, 
may indicate that de Quervain disease is a result of an intrin-
sic degenerative mechanism rather than an infl ammatory 
one, as is often described.5

Several theories exist regarding the cause of de Quervain 
disease. Possible etiologies include trauma, increased fric-
tional forces, anatomic abnormality, biomechanical com-
pression, repetitive microtrauma, infl ammatory disease, and 
increased volume states, such as occurs during preg-
nancy.1–13, 15, 16 All of these processes have the ability to create 
the environment necessary to develop a stenosing tenosyno-
vitis of the fi rst dorsal compartment.

Several studies have identifi ed anatomic variations of the 
fi rst dorsal compartment.15–17 Variations include septation of 
the fi rst dorsal compartment and the presence of multiple 

slips of the APL and, occasionally, of the EPB tendon. Bahm 
et al.18 found division of the fi rst dorsal compartment by an 
additional septum in 60% of patients with symptomatic de 
Quervain disease; the APL consisted of multiple tendons in 
76%. In a cadaveric study, Shiraishi and Matsumura19 noted 
variation in the number of tendons, including up to seven 
slips of the APL and up to three of the EPB. Aktan et al.20 
examined the wrists of patients with de Quervain disease and 
found that the number of tendons present in the fi rst com-
partment differed from the accepted standard in 82% of 
patients; 46% of the compartments were septated.

These anatomic variations may have an effect on the 
underlying pathophysiology of de Quervain tenosynovitis. 
Kutsumi et al.14 examined 15 cadaveric wrists with and with-
out septation of the fi rst dorsal compartment and measured 
the gliding resistance of the APL and the EPB tendons in 
several wrist positions, including fl exion, extension, abduc-
tion, and adduction. The authors found that the presence of 
septation and wrist position (eg, 30° of ulnar deviation, as in 
the Finkelstein test) affected the gliding resistance of the 
EPB tendon. These anatomic variations may predispose a 
patient to de Quervain disease. The patient with such a pre-
disposition may respond poorly to nonsurgical treatment.

Diagnosis

The clinical presentation of de Quervain tenosynovitis is 
fairly consistent. It most commonly presents with a gradual 
onset of pain localized along the radial side of the wrist, with 
an exacerbation of symptoms caused by grasping and raising 
objects with the wrist in neutral rotation. The differential 
diagnosis includes intersection syndrome, radial styloid 
fracture, scaphoid fracture, instability or basilar arthritis of 
the thumb, and radial neuritis. 

Basilar arthritis of the thumb (arthritis of the trapezio-
metacarpal or scaphotrapezial joints) should be differenti-
ated from de Quervain disease. Because of similar demo-
graphics, these two entities commonly coexist. Arthritic 
symptoms are elicited with palpation of the basal joint of the 
thumb and with painful axial compression and circumduc-
tion of the thumb. Intersection syndrome results from tendi-
nopathy between the APL and common wrist extensor ten-
dons. The patient presents with focal tenderness and crepitus 
4 to 5 cm proximal to the wrist joint, centered dorsally over 
the second dorsal compartment. Although pain and crepitus 
are the most common presenting symptoms of intersection 
syndrome, some patients also report stiffness or neuralgia.

With de Quervain disease, the location of tenderness is 
more specifi c to the fi rst extensor compartment over the 
radial styloid, with possible radiation of pain to the forearm 
and distally to the thumb. The patient also may report an 
increase in pain with repetitive motion of the thumb that is 
improved with rest or immobilization. In addition, uncom-
mon but well-recognized presentations include extensor trig-
gering or locking of the thumb as well as dorsal ganglion 

Figure 1. Anatomy of the fi rst dorsal compartment demonstrating 
the insertion of the abductor pollicis longus (APL), extensor polli-
cis brevis (EPB), and extensor pollicis longus (EPL) tendons.
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cyst formation.21–23 
The Finkelstein test is the classic maneuver for diagnosis 

and is considered pathognomonic for de Quervain dis-
ease.2, 24 It is performed by grasping the patient’s thumb and 
quickly deviating the hand and wrist ulnarly. A positive test 
reproduces the pain. However, the examiner must be mindful 
that the patient may not be able to differentiate the pain of 
tenosynovitis focused at the radial styloid from that of basi-
lar arthritis of the thumb.

An alternative to the Finkelstein test is the Eichoff maneu-
ver. This test is performed by having the patient clench his or 
her thumb in a fi st, followed by brisk deviation of the wrist 
ulnarly.24 The Eichoff maneuver has been confused with the 
Finkelstein test, which has led many to consider the Eichoff 
maneuver and Finkelstein test to be the same.25 Although 
sensitive, the specifi city of the Finkelstein test may be called 
into question because of its propensity to provoke pain in 
asymptomatic patients and those with underlying arthritis.

Brunelli26 proposed a test involving strong abduction of 
the thumb with the wrist in radial deviation. The author pro-
posed that his test was more effective than the Finkelstein 
test because it provoked tendon irritation of the fi rst dorsal 
compartment against their pulleys.

Imaging Studies

de Quervain disease is diagnosed clinically; no imaging 
studies are required. Wrist imaging is required only in the 
presence of associated processes that may need to be evalu-
ated, such as previous distal radius or scaphoid fracture, 
arthritis of the thumb, and instability of the wrist. Occasion-
ally, radiographs may identify bony changes on the radial 
styloid, such as spurring or lesions that may directly irritate 
the fi rst dorsal compartment.27 Several authors have recom-
mended other imaging modalities, including magnetic reso-
nance imaging, ultrasound, and bone scanning, and have 
demonstrated fi ndings that may support the diagnosis of de 
Quervain disease.28–31 However, routine use of radiographs 
and advanced imaging is not required when the presentation 
is clear.

Treatment

Nonsurgical

Nonsurgical treatment should be the fi rst course of action 
for de Quervain disease. The patient presenting with mild to 
moderate pain that does not limit activities of daily living 
should be treated with rest, splinting, nonsteroidal anti-
infl ammatory drugs (NSAIDs) and/or corticosteroid injec-
tion of the fi rst dorsal compartment. Splinting is an effective 
method for resting the APL and EPB tendons by immobiliz-
ing the thumb and wrist in a single position and reducing or 
preventing the friction that may exacerbate swelling and 
pain. Custom or prefabricated splints should be forearm-
based; one such splint is a radial thumb spica extension that 
holds the wrist in neutral and the thumb in 30° of fl exion and 

30° of abduction. Although symptoms may improve with 
splinting, on removal of the splint, symptoms quickly return 
in some patients when the inciting activity is resumed.27

Corticosteroid injection into the fi rst dorsal compartment 
is perhaps the most common and effective treatment of de 
Quervain disease. Many patients experience complete relief 
of symptoms with a single corticosteroid injection.7, 8, 32 
Richie and Briner33 performed a pooled quantitative litera-
ture evaluation to determine the reported cure rate of corti-
costeroid injection for de Quervain disease; they reported 
that 83% of patients had complete relief with injection alone. 
Failure of response to corticosteroid injection has been 
attributed to poor technique and anatomic variations within 
the fi rst dorsal compartment.

In their series of 63 patients, Harvey et al.7 found that 82% 
had relief of pain after one or two corticosteroid injections. 
Of the 11 patients who did not have complete pain relief and 
went on to surgery, 10 had a separate compartment for the 
EPB. Zingas et al.34 studied injection accuracy and found 
that the needle was accurately placed into the fi rst dorsal 
compartment in 84% of patients. However, the EPB tunnel 
was missed in 68% of patients, either because it was too 
small or was in a separate compartment, thus compromising 
the overall outcome. Similarly, Witt et al.35 found that 79% 
of patients who were resistant to corticosteroid injection had 
a separate compartment for the EPB tendon at the time of 
surgery.

Corticosteroid injection for de Quervain disease consists 
of 1mL of corticosteroid with 0.5 to 1 mL of a local anes-
thetic. Success has been reported with a variety of corticos-
teroids (eg, betamethasone, triamcinolone, dexamethasone, 
methylprednisolone) combined with any of several local 
anesthetics (eg, bupivacaine, lidocaine).7, 8, 13, 34–36 We prefer 
a water-soluble preparation; insoluble preparations have 
been associated with more local complications.37 As such, 
we administer 5 mg of dexamethasone and 1 mL of 1% 
lidocaine.

With the wrist in neutral radioulnar deviation, a rolled-up 
towel is placed under the wrist to position it in slight ulnar 
deviation (Figure 2). The injection site is prepped sterile. 
The course of the APL and EPB tendons along the radial 
styloid is palpated, and the borders of the fi rst dorsal com-
partment are straddled with the examiner’s opposite thumb 
and index fi nger. A 25-gauge needle is introduced into the 
tendon sheath at the level of the styloid, parallel to the ten-
dons. Resistance indicates that the needle is likely in the ten-
don. The needle is carefully backed out while maintaining 
pressure on the plunger of the syringe. The injectable medi-
cation should fl ow smoothly and easily, with both visual and 
palpable infl ation of the compartment.

Before injection, the patient must be informed that sub-
dermal atrophy and hypopigmentation may occur at the 
injection site, particularly in the darker-skinned patient. 
Avoid injecting directly into the tendon. This carries the risk 
of weakening the tendon and causing tendon rupture. Adverse 
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reactions to corticosteroid injection are generally minor and 
self-limited; they include pain, neuritis, fat necrosis, and 
postinjection fl are.33, 36–38 Additionally, local infection and 
tendon rupture, although unusual, may occur.

Richie and Briner33 performed a quantitative literature 
evaluation of studies of comparative treatment modalities for 
de Quervain disease. Of the 495 wrists studied, there was an 
83% success rate for corticosteroid injection alone. Surpris-
ingly, the success rate with injection and splinting together 
was just 61%. Splinting alone had a success rate of 14%. 
NSAIDs and rest yielded a 0% success rate. The effi cacy of 
NSAIDs has been studied further; they were found to pro-
vide no benefi t when used to supplement corticosteroid 
injection.38

Our initial preferred treatment is corticosteroid injection 
with dexamethasone and lidocaine. Subsequently, tendon 
gliding and stretching exercises are taught. We also prescribe 
a forearm-based thumb spica splint in the patient with per-
sistent or severe symptoms. An additional injection may be 
offered after a 4- to 8-week interval for the patient who has 
experienced some improvement with the initial injection but 
who continues to report discomfort. When pain does not 
resolve after two corticosteroid injections and 6 months of 
nonsurgical management, and when other pathologies have 
been ruled out, then surgical release of the fi rst dorsal com-
partment is recommended.

Surgical

Surgical treatment is based on release of the fi bro-osseous 
roof of the fi rst dorsal compartment and decompressing the 
stenosed APL and EPB tendons. Fundamental to surgical 
intervention is protection of the radial sensory nerve and 
complete decompression of the fi rst dorsal compartment, 
including release of additional tendinous slips and compart-
ments. In several series, the reported incidence of separate 
compartments at surgery is higher than that seen in anatomic 
specimens.7, 8, 35, 39 In particular, the potential for septation of 
the EPB compartment increases the chance that nonsurgical 

treatment will fail; surgical decompression may be compro-
mised if the condition is not identifi ed.7, 34, 35 Surgical treat-
ment should be approached with the mindset that anatomic 
variations of the compartment are the rule rather than the 
exception. Injury to the radial sensory nerve and failure to 
recognize variations in the fi rst dorsal compartment may 
result in continued pain and treatment failure.39–41

Our preferred technique is to perform the surgery under 
local anesthesia, with or without intravenous sedation, and 
tourniquet control. Although multiple incisions (eg, trans-
verse, longitudinal, oblique) may be used to provide excel-
lent exposure of the fi rst dorsal compartment, we employ a 
chevron-style incision because we believe it aids in visual-
ization of the radial sensory nerve, avoids tendon injury, and 
enhances wound healing (Figure 3A). Once the skin incision 
is made, blunt dissection is used to identify and protect the 
radial sensory nerve. Sharp dissection with a scalpel through 
the subcutaneous tissue may injure branches of the nerve 
and should be avoided. One to three branches of the radial 
sensory nerve are identifi ed and protected with blunt retrac-
tors (Figure 3B).

Dissection is then carried down to the fi rst dorsal compart-
ment. The retinaculum of the fi rst dorsal compartment is 
completely incised with a scalpel in line with the APL and 
EPB tendons. Burton and Littler42 recommend releasing the 
sheath along its dorsal margin, thus leaving the volar fl ap 
intact to prevent subluxation of the tendons (Figure 3C). The 
tendons are examined, and the compartment is diligently 
explored. The APL tendon is larger and is routinely composed 
of two or more distinct tendons. The EPB tendon is smaller, 
dorsal, and often lies in a separate compartment.7, 34, 35 

Although complete excision of the extensor sheath is 
avoided, any intra-compartmental septae should be released 
and excised. Tendons may be carefully tensioned using 
atraumatic technique to simulate their function, aid in their 
identifi cation, and confi rm decompression. Active and free 
thumb abduction and extension then can be performed on 
the awake patient. Next, any loose tenosynovial tissue on the 
tendon is débrided. After confi rming that the compartment is 
completely released, the tourniquet is released, and hemo-
stasis is achieved.

We do not approximate the edges of the released extensor 
retinaculum. Step-cut lengthening is rarely required; we do 
not recommend a step-cut release with repair of the retinacu-
lum. The skin incision is closed using single interrupted 4-0 
nylon sutures. Postoperatively, a plaster thumb spica splint is 
applied to aid in pain control and wound healing. The splint 
and sutures are removed 10 to 14 days postoperatively, and 
the patient is allowed to resume normal activities as toler-
ated. Physical and occupational therapy is not routinely 
instituted unless specifi c patient circumstances indicate it.

Outcomes from surgical release of de Quervain disease 
have been uniformly excellent. The “cure rate,” as described 
by several investigators, represents resolution of symp-
toms without complications and has been reported to be 

Figure 2. Injection of the fi rst dorsal compartment with the wrist in 
neutral rotation and gentle ulnar deviation over a rolled-up towel. A 
25-gauge needle is introduced into the tendon sheath at the level of 
the radial styloid and parallel to the tendons. The medication should 
fl ow smoothly and should both visually and palpably infl ate the 
compartment.
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≥91%.2, 43–46 Although most series have been unable to iden-
tify risk factors for long-term complications or patient satis-
faction after surgical treatment, Ta et al.44 found a positive 
correlation between duration of preoperative symptoms and 
postoperative satisfaction. Patients with preoperative symp-
toms lasting 9 months or longer were much more satisfi ed 
with their surgery than were patients who had been symp-
tomatic for a much shorter period.

Complications

Corticosteroid injection has been associated with fat 
ne crosis, subcutaneous atrophy, and skin depigmenta-

tion.36, 37, 39, 40 The patient should be counseled about the 5% 
to 10% risk of these complications.27

Other complications after surgery include radial sensory 
nerve injury, incomplete decompression, and volar sublux-
ation of the tendons.2, 7, 8, 40, 44, 45, 47, 48 Injury to the radial sen-
sory nerve may present with a spectrum of injury, from com-
plete transection to neuroma in continuity to neurapraxia 
from overzealous retraction. Management of a lacerated 
radial sensory nerve is controversial; options vary from 
resection of the lacerated edge more proximally to primary 
repair using microsurgical techniques. Radial sensory nerve 
injury is a complication best avoided with careful surgical 
technique.

Persistent pain from inadequate decompression often rep-
resents failure to recognize and release an additional com-
partment, most commonly that of the EPB; reexploration is 
usually warranted. Volar subluxation of the APL and EPB 
tendons is an uncommon complication; it is often associated 
with a volar rather than dorsal release of the fi rst dorsal com-
partment, or it may result from complete excision of the reti-
naculum. Reconstruction of the compartment with a slip of 
extensor retinaculum is effective in managing the sublux-
ation.48, 49

Additional reported complications include scar hypertro-
phy or tenderness, particularly with longitudinal incisions,47 
refl ex sympathetic dystrophy, and continued pain as a result 
of incorrect diagnosis. Associated missed diagnoses include 
basilar arthritis of the thumb, instability of the thumb, inter-
section syndrome, and radial neuritis. Wartenburg’s syn-
drome (ie, superfi cial radial neuritis) has been shown to 
compromise the surgical outcome from de Quervain disease. 
Some patients require proximal neurolysis and reposition-
ing of the nerve deep in the forearm to avoid painful 
neuropathy.50

Summary

de Quervain disease is a commonly encountered wrist 
pathology involving thickening of the fi rst dorsal compart-
ment of the wrist. Pain occurs during wrist and thumbmotion 
from resisted gliding of the APL and EPB tendons in the nar-
rowed fi broosseus canal. This condition is more common in 
women than in men. The diagnosis is clinical and is most 
closely correlated with a positive Finkelstein test or Eichoff 
maneuver. Radiographs may be indicated to rule out other 
wrist pathologies; however, they generally are not recom-
mended in the evaluation of classically presented de Quer-
vain disease. Nonsurgical management is the mainstay of 
treatment, consisting of rest, thumb spica splinting, and cor-
ticosteroid injection. When nonsurgical management fails to 
provide sustained relief, open surgical release of the fi rst 
dorsal compartment, with identifi cation of accessory com-
partments and protection of the radial sensory nerve, may be 
performed with excellent results.

Figure 3. Surgical treatment of de Quervain disease. (A) Oblique 
incision centered over the radial styloid. (B) The skin is retracted. 
Careful blunt dissection will reveal branches of the radial sensory 
nerve in the subcutaneous tissue. (C) The fi rst dorsal compartment 
is released along its dorsal border, revealing the abductor pollicis 
longus (APL) and extensor pollicis brevis (EPB) tendons.

A

B

C
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Lectureship

Pennsylvania Orthopaedic 
Trauma Symposium

On September 7–8, 2007, Temple University School of Medicine Department of Orthopaedic Surgery pre-
sented the fourth annual Pennsylvania Orthopaedic Trauma Symposium at the Westin Philadelphia. The directors of 
this symposium were our own Dr. William DeLong, and Dr. Christopher Born, Chief of Orthopaedic Trauma at 
Brown University. The objective of the conference was to discuss and describe complex upper and lower extremity 
injuries and demonstrate the use of new techniques in external and internal fi xation. In a fully attended auditorium 
by orthopaedic surgeons, residents, physician assistants, and nurse practitioners, some of the presented topics 
included: treatment options of distal radius fractures, hemiarthroplasty of the proximal humerus, total elbow replace-
ment, IM nailing of distal and proximal tibia, pilon fractures, femoral fractures, and acetabular fractures. Despite the 
diversity of the topics, the strategically scheduled panel discussions combined with timely breaks and interactive 
sessions made it very easy for the audience to transition from topic to topic. 

The format of the conference consisted of specifi c topic presentations by experts in the fi eld, followed by open 
audience questions and panel discussions. This led to different opinions, emphasizing once again the complexity in 
the management of some traumatic injuries. There were also two sessions of case presentations in small groups led 
by the topic presenters. This interactive atmosphere was helpful in discussing some cases in further detail. In addi-
tion, two instructional lab sessions, conducted by our industry partners, introduced new techniques in proximal 
humeral plating, supracondylar nailing and external fi xation. During the break times, there were plenty of refresh-
ments available, and our industry sponsors provided information about new innovative commercial products.

At the conclusion of the fi rst day, a reception accompanied by a dinner provided with an opportunity to meet 
and interact with the presenters in a more casual manner. The second day was also very well attended and the sym-
posium concluded with fi nishing remarks from the directors thanking the visiting faculty members, the audience 
and the sponsors. All participants of the symposium received a maximum of 14 credits of continued medical educa-
tion depending on the level of their participation. 

Jung Park, MD
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Lectureship

The John Lachman Lecture
at the

Pennsylvania Orthopaedic Society
Presented by:

MURRAY J. GOODMAN, MD

“AAOS Professional Compliance Program”

The Fourth Annual John Lachman Lecture was presented by Murray J. Goodman, MD, a member of the AAOS 
Committee on Professionalism. Dr. Goodman related how, in 2004, the Board of Directors of the Academy charged 
a group of orthopaedic surgeons to develop procedures to review, hear, and adjudicate grievances between Fellows 
resulting from orthopaedic expert witness testimony. The group broadened this charge and produced standards of 
professionalism which established mandatory, minimum levels of acceptable conduct for AAOS Fellows and Mem-
bers. That include: 1) providing musculoskeletal services to patients; 2) professional relationships; 3) orthopaedic 
expert witness testimony; 4) research and academic responsibilities; 5) advertising by orthopaedic surgeons; and 6) 
orthopaedist-industry confl icts of interest. The process permits a Fellow or Member to fi le a formal grievance 
against another Fellow or Member. Substantial due process is provided including a minimum of two opportunities 
to be heard. The Committee on Professionalism (COP) conducts initial reviews and hearings and the Judiciary 
 Committee hears appeals of the COP recommendations. The AAOS Board of Directors is designated as the fi nal 
decision-making body in all professional compliance matters. Those censured, suspended or expelled from the 
Academy will be identifi ed by name in AAOS publications, the National Practitioner Data Bank, state licensing 
boards, American Board of Surgery, and state medical societies. The AAOS fi rmly believes that these procedures 
meet or exceed the level of professional compliance programs established by other national medical associations.

Dr. Goodman’s lecture was well received and clearly in keeping with the Lachman principles of integrity, edu-
cation and excellence in-patient care.

Joseph S. Torg, MD
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Lectureship

The Howard Steel Lecture
at the Philadelphia Orthopaedic Society

Presented by:

SCOTT H. KOZIN, MD

“Communication: The Infl uence of the Orthopaedic Hand Surgeon”

The Howard Steele Lecture, sponsored by the Philadelphia Orthopaedic Society, was held at the Bell Tower on 
Monday, September 10th, 2007. This lectureship is held annually in honor of Dr. Steele, who received his medical 
degree and training from Temple University School of Medicine. His long and illustrious career precedes him as he 
continues to treat patients at the Shriners Hospital for Children, and his contributions to the fi eld of orthopaedic 
surgery are well noted by us all.

The guest speaker for this event was Dr. Scott Hal Kozin, MD, Associate Professor of Orthopaedic Surgery, 
Temple University School of Medicine, and Hand Surgeon, Shriners Hospital for Children, Philadelphia.

 The lecture was attended by many imminent orthopedic surgeons from the Philadelphia area, including the 
President of the POS, Andrew Collier, Jr., MD. Most of the major hospitals and orthopaedic surgery departments 
from the area were well represented by faculty and residents alike.

The evening started with the reception at 6 PM, followed by a lecture by Dr. Kozin which was entitled, “Com-
munication: The Infl uence of the Orthopaedic Hand Surgeon.” His talk focused on many congenital and acquired 
disorders which limit patients from communicating and expressing themselves due to impairment in upper extrem-
ity function. Dr. Kozin stated that patients use their hands for various methods of communication such as writing, 
sign language, or via computers. He discussed various treatment and management options for these individuals and 
emphasized how the ability to communicate has such a great impact on patients’ functional and emotional 
outcome.

Dr. Kozin followed his lecture by a brief commentary on Dr. Steele. He mentioned Steele’s impact on the 
orthopaedic community, not only in Philadelphia, but in the US and around the world. He ended his discussion by 
sharing some of his more light-hearted interactions with Dr. Steele, which led to contributions from the audience 
about some of their own exchanges with him. The lecture was well attended and well received by all, and we will 
all look forward to this lectureship next year.

Irfan Ahmed, MD

From left to right: Drs. Weiss, Thoder, Kozin, and Ilyas.
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Lectureship

The John Royal Moore/John Lachman Annual Lectureship
at the Philadelphia Orthopaedic Society

February 11, 2008
The evening began as the orthopaedic surgeons and residents strolled in from Jefferson, Temple, PCOM, Penn, 

Hahnemann, and various private practices in the greater Philadelphia area. It was clear from the beginning this was 
an event that held great respect and honor within the orthopaedic community. The agenda for the evening was an 
introduction about the lectureship and a very useful and clearly presented lecture by Tom Minas, MD/PhD, entitled, 
“A Surgical Algorithm for the Management of Patellofemoral Disease.”

Our Chairman, Dr. Thoder, began the lectureship with a short history of Dr. John Royal Moore. Dr. Moore was 
the fi rst Chairman of the Temple University Hospital Department of Orthopaedic Surgery and Sports Medicine. In 
addition, he became Chairman of Shriners Hospital for Children by the young age of 27.

After the prelude about Dr. Moore, a moving acknowledgement of Dr. Lachman’s inspiration for many of the 
attending orthopods was accompanied by the announcement of his recent passing. Indeed, Dr. Lachman’s legacy 
will live on through all of us as we continue our training and during our career as orthopaedic surgeons.

Next, Dr. Minas, who is director of Cartilage Repair at Harvard’s Brigham and Women’s Hospital, gave a very 
useful algorithm for treating the often diffi cult to treat cartilage defects in a young patient’s knees. He gave his pref-
erence for a useful diagnostic tool, a spiral CT arthrogram, to help sort out who has true pathology and, more impor-
tantly, what the pathology is in these patients. In his opinion, the CT arthrogram was more sensitive and specifi c 
than MRI for chondral defects. The outline of his talk is as follows:

Diagnosis Treatment

Patellar tilt Arthroscopic lateral retinacular release
Patellar tilt + subluxation + no chondrosis Medialization TTO*

Patellar tilt + subluxation + grade 1/2 chondrosis Anteromedialization TTO (Fulkerson)
Patellar tilt + subluxation + grade 3/4 chondrosis Fulkerson + ACI**
Patellar tilt + subluxation + joint space narrowing Patellofemoral arthroplasty +/- Fulkerson

*TTO: tibial tubercle osteotomy. **ACI: autologous chondroyte implantation.

In the end, it was a wonderful evening and all that participated gained from an interesting and engaging talk.

Ian Duncan, MD

From left to right: Drs. Thoder, Rehman, Chao, Minas, Duncan, and Foroohar.
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Lectureship

The Howard H. Steel Pediatric Orthopaedic Seminar 
and OITE Review at the

Shriners Hospital for Children, Philadelphia
Shriners Hospital for Children, Philadelphia presented the annual Howard H. Steel Pediatric Orthopedic Semi-

nar and OITE Review on November 3, 2007. Renowned panelists included Dr. R. Jay Cummings, Associate Pro-
fessor of Orthopedics at the Mayo Graduate School of Medicine in Jacksonville, Florida; Dr. Randall T. Loder, 
Professor of Orthopedic Surgery at the Indiana University School of Medicine; and Dr. Scott J. Mubarak, Clinical 
Professor of Orthopedics at the University of California Medical Center. The event was moderated by Dr. Peter D. 
Pizzutillo, Professor of Orthopedic Surgery and Pediatrics at Drexel University College of Medicine.

This seminar provided an update on the latest techniques in diagnosis and management of a number of contro-
versial aspects of pediatric orthopaedics including pediatric spine, hip, and congenital problems, as well as chal-
lenges of the lower extremity and fractures. The expert panel reviewed case studies which highlighted these topics 
and participation from the audience provided an open forum for discussing different strategies and approaches to a 
variety of pediatric cases. The panel discussions were greatly enhanced by the experiences and opinions from some 
of the distinguished audience members including Dr. Joseph Thoder, the Chairman of Orthopaedic Surgery at 
Temple University School of Medicine; Dr. Michael Clancy, Professor and former Chairman of Orthopaedics at 
Temple University School of Medicine; Dr. Randal Betz, Chief of Staff and Director of Shriners’ Spinal Cord Injury 
Unit, and Professor of Orthopaedics at Temple University School of Medicine; and Dr. G. Dean MacEwan, Director 
of the Alfred I. DuPont Institute and Professor of Orthopaedics at Shriners Hospital for Children. The event was also 
marked by the attendance and participation of its namesake, Dr. Howard H. Steel, Emeritus Chief of Staff of Shri-
ners Hospital for Children and Professor of Orthopaedics at Temple University School of Medicine. 

The afternoon session included a comprehensive review of pediatric orthopaedic issues for residents preparing 
to take the Orthopaedic In-Training Exam. A number of high-yield topics were discussed which included Hand and 
Upper Extremity, reviewed by Dr. Joshua Ratner, Hand Surgeon at Shriners Hospital for Children; Spine, reviewed 
by Dr. James Guille, Pediatric Spinal Deformity Surgeon at Shriners Hospital for Children; Trauma, reviewed by 
Dr. Martin Herman, Staff Pediatric Orthopaedic Surgeon at St. Christopher’s Hospital for Children and Professor of 
Orthopedics at Drexel University College of Medicine; and Lower Extremity, reviewed by Dr. James McCarthy, 
Vice Chairman of Orthopaedics at Shriners Hospital for Children. The conference was well attended by residents 
and fellows as well as university faculty and community physicians from around the Philadelphia area.

Brian George, MD
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Philadelphia Orthopaedic Society Resident Bowl
Residents and attendings who represented Philadelphia area 

orthopedic residency programs gathered for the 9th annual John 
R. Gregg Memorial Resident Bowl on May 14, 2007. As in years 
past, six residents representing each Philadelphia training pro-
gram participated in this “Jeopardy!”-style contest hosted by 
Master of Ceremonies, Barry Snyder, MD. This annual event, 
sponsored by the Philadelphia Orthopaedic Society, provides a 
wonderful opportunity for residents to exhibit knowledge and fl ex 
their mental muscle. 

Participating residents included: Richard Frisch, Albert Ein-
stein Medical Center; Jay Zampini, Drexel Hospital; Gregory 
Carolan, Hospital of the University of Pennsylvania; Gregg 
 Martyak, Thomas Jefferson Hospital; Steven Shamash, Philadel-
phia College of Osteopathic Medicine; and Robert Purchase, 
Temple University Hospital. With various attendings as score-
keepers and John D. Kelly, IV, acting as Judge, question after 
question was presented in rapid succession, and answered as 
quickly as possible by the residents. Excitement heated up in the 
fi nal moments, as this game was very close. We were very proud to congratulate Robert Purchase as the winner of 
last year’s event, bringing home the trophy for Temple University Orthopaedics once again. 

Temple has won fi ve of the last nine competitions, in keeping with Temple’s strong teaching tradition under the 
leadership of Joseph Thoder, MD. We continue to look forward to this fun, challenging academic competition next 
year, when Temple hopes to continue its winning streak.

Temple Orthopaedics residents have carried on their rich tradition of academic excellence by winning fi ve of 
the previous nine Philadelphia Orthopedic Society Resident Bowl Championships. A closer inspection of the trophy 
itself will not only show Temple’s impressive record, but also bears the names of fi ve previous chief residents who 
we are all proud of. 

A Review of Our Past Winners

CHRISTOPHER J. MANCUSO — 1999

Dr. Mancuso holds the honor of winning the inaugural Resident Bowl in 1999, starting a championship tradi-
tion for Temple Orthopedics. Dr. Mancuso received his AB in Biomedical Ethics from Brown University and his 
medical degree from Jefferson Medical College in Philadelphia. He completed his Orthopaedic Residency at Tem-
ple University Hospital. He went on to a fellowship in Sports Medicine at the Institute for Bone and Joint Disorders 
in Phoenix, Arizona. He is currently an attending physician in Reading, Pennsylvania, focusing on arthroscopy as 
well reconstruction of the knee, elbow and shoulder.

RICHARD SAVINO — 2000

Dr. Savino continued the winning tradition of Temple Orthopaedics as the 2000 Resident Bowl champion. Dr. 
Savino graduated from Boston College, majoring in Biology and Theology while earning a student athletic trainer 
scholarship. He received his medical degree from The State University of New York Health Science Center at Syra-
cuse and residency at Temple University Hospital. He completed a Fellowship in Sports Medicine and Shoulder 
Surgery at Johns Hopkins University Hospital. As a Hopkins faculty member, he was a team physician for the Bal-
timore Orioles and the Johns Hopkins University athletic department. He currently practices in his hometown of 
Long Island as a member of Long Island Bone and Joint. 

Resident Bowl
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SUE Y. LEE — 2004 

Sue Y. Lee received her medical degree from Temple University School of Medicine and completed her resi-
dency training in Orthopaedic Surgery at Temple University Hospital in 2004. She completed her residency career 
by winning the 2004 Resident Bowl. She went on to fellowship at the Philadelphia Hand Center at Thomas Jefferson 
University Hospital. Dr. Lee has presented on a variety of topics including foot and ankle problems, carpel tunnel 
syndrome, scoliosis and arthritis. She is currently an attending physician at Albert Einstein Medical Center in 
Philadelphia. 

MATTHEW REISH — 2006 

Dr. Reish, a Pennsylvania native, obtained a Bachelor of Arts from Dickinson University. Dr. Reish completed 
his residency training in Orthopaedic Surgery at Temple University Hospital. As chief resident, he won the 2006 
Resident Bowl and has left a strong academic and clinical legacy for his junior residents to follow. Dr. Reish com-
pleted a fellowship at the Southern California Center for Sports Medicine. He is currently practicing in Lewisburg, 
PA, in the SUN Orthopaedics group. 

ROBERT PURCHASE — 2007 

Dr. Purchase, also a Pennsylvania native, attended Washington and Jefferson University for his undergraduate 
studies and went on to Temple University School of Medicine for his medical degree in 2002. He completed resi-
dency training in Orthopaedic Surgery at Temple University Hospital, winning the 2007 Resident Bowl Champion-
ship. Dr. Purchase is remembered by his juniors as a great teacher, surgeon and resident advocate. He is currently 
completing a fellowship at the Orthopaedic Sports Medicine Group in San Francisco.

Abtin Foroohar, MD

Drs. Purchase and Thoder, May 2007.
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Departmental News

Faculty
Temple University Department of Orthopaedic Surgery and Sports Medicine 

Chairman
 Joseph Thoder, MD, The John W. Lachman Professor

Professors
 William DeLong, MD
 Ray Moyer, MD, The Howard H. Steel Professor
 Joseph Torg, MD 
 F. Todd Wetzel, MD

Associate Professors
 John Kelly, IV, MD, Vice-Chairman
 Pekka Mooar, MD
 Albert Weiss, MD

Assistant Professors
 Easwaran Balasubramanian, MD
 Asif Ilyas, MD
 Stanley Michael, MD
 Saqib Rehman, MD
 Bruce Vanett, MD

Emeritus Professor
 Edward Resnick, MD

Adjunct Faculty — Philadelphia Shriners Hospital

Randal Betz, MD, Chief of Staff G. Dean MacEwen, MD
Philip Alburger, MD Joshua Ratner, MD
JahanGir Asghar, MD Amer Samdani, MD
Patrick Cahill, MD William Schrantz, MD
Scott Kozin, MD Howard Steel, MD, Emeritus Chief of Staff

Adjunct Faculty — Abington Memorial Hospital

Andrew Star, MD, Chief of Orthopaedics Moody Kwok, MD
Shyam Brahmabhatt, MD Guy Lee, MD
David Craft, MD Thomas Peff, MD
Greg Galant, MD Jeffrey Rubin, MD
Michael Gratch, MD T. Robert Takei, MD
Victor Hsu, MD John Wolf, MD
David Junkin, MD

Adjuct Faculty — St. Christopher’s Hospital for Children

Peter Pizzutillo, MD, Chief of Orthopaedics
Martin Herman, MD
Juan Realyvasquez, MD
Shannon Safi er, MD
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Temple University Hospital
Department of Orthopaedic Surgery and Sports Medicine 

Faculty 2008

Joseph Thoder, MD
John W. Lachman Professor

Chairman
Hand & Upper Extremity

General Orthopaedics

Eswarian Balasubramanian, MD
Joint Reconstruction
General Orthopaedics

William DeLong, MD
Orthopaedic Trauma

Sports Medicine
General Orthopaedics

Asif Ilyas, MD
Hand & Upper Extremity

Orthopaedic Trauma

John Kelly, IV, MD
Vice Chairman
Sports Medicine

General Orthopaedics

Stanley Michael, MD
Sports Medicine

Joint Reconstruction
General Orthopaedics

Pekka Mooar, MD
Sports Medicine

Joint Reconstruction
General Orthopaedics

Ray Moyer, MD
Sports Medicine

Saqib Rehman, MD
Orthopaedic Trauma
General Orthopaedics

Edward Resnick, MD
General Orthopaedics

Pain Management
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Joseph Torg, MD
Sports Medicine

Bruce Vanett, MD
Joint Reconstruction
General Orthopaedics

F. Todd Wetzel, MD
Spine Surgery

Albert Weiss, MD
Hand & Upper Extremity

General Orthopaedics
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News from the Offi ce of Clinical Trials 
and Research Support

The Offi ce of Clinical Trials and Research Support was founded in 2004 under the direction of Pekka 
A. Mooar, MD. Supported by the School of Medicine’s Offi ce of Clinical Trials, Joanne Donnelly is the 
full time research coordinator.

The program continues to represent a commitment to enhance resident and faculty research by pro-
viding logistical support for all research endeavors by members of the department. These can be pharma-
ceutical, device clinical trials, or investigator-initiated research projects. We now have an offi ce to turn to 
for document processing to the Temple Institutional Review Board, budget development, legal agree-
ments, manuscript and exhibit preparation assistance. 

Our program continues to work with Arleen Wallen (Offi ce of Clinical Trials), to process all budgets 
and legal contracts, and Craig Pfi ster who acts as the industry liaison to bring any clinical and or device 
trials to the attention of faculty members. 

Members of the department continue the tradition of meeting with the members of the Temple Medi-
cal Student Orthopaedic Interest Group. Dr. Thoder spoke to the students this past year about a career in 
orthopaedics and the many sub-subspecialties within the practice. The meeting was well attended and 
there continues to be much interest from the Temple medical students regarding the fi eld of orthopaedic 
surgery.

Dr. Mooar and Ms. Donnelly direct the Summer Medical Student Research Program. Students 
between their fi rst and second years are certifi ed in human subjects ethics and research design. Students 
have a comprehensive one day in-service with Barbara Kuchan, Associate Director for Information Ser-
vices and Education Programs and with John Gaughan, PhD, who directs the statistical education portion. 
The summer program is eight weeks long, and in 2007, the department hosted twelve students. Six papers 
have been published in the Temple University Journal of Orthopaedic Surgery & Sports Medicine as a 
result of this initiative. In 2008, we will have the pleasure of mentoring fourteen Temple Medical Students 
who have expressed an interest in orthopaedic surgery.

2007 Summer Medical Student Research Projects:

Dr. Mooar 
The Dynamic Hip Screw and Four-Hole Fixation Plate: Still the Gold Standard for Hip Fracture Stabilization?
Nathan Tiedeken, MSII, John Gaughan, PhD

Dr. Mooar
The Incidence and Contributing Factors of Partial Cartilage Delamination Injuries in the Knee
Thomas Riley, MSII, John Gaughan, PhD

Dr. Kelly
Arthroscopic Repair of Subscapularis Tendon: Clinical Results
Pradeep Setty, MSII, John Gaughan, PhD

Dr. Balasubramanian 
Use of a Single Dose of Intraoperative Heparin in Both Total Hip and Total Knee Arthroplasties in Reducing the Incidence 
of Deep Venous Thrombosis (DVT) as Evaluated by Doppler Ultrasound
Rupam Das, MSII, John Gaughan, PhD

Dr. Torg
Meta-Analysis of Tarsal Navicular Stress Fractures
James Moyer, MSII, John Gaughan, PhD

Dr. Thoder 
Outcomes of Surgical Decision Making for Unstable Fractures of the Distal Radius: The Temple University Algorithm
Daniel Upton, MSII, John Gaughan, PhD
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2008 Summer Medical Student Research Projects:

Dr. Kelly Completion of an ongoing project studying rotator cuff subscapularis tears
Dr. Mooar Proximal humerus fractures
Dr. Ilyas Management of gunshot wound injuries of the hand and wrist
Dr. Kelly Review of opening wedge high tibial osteotomy results
Dr. Rehman/Dr. Ilyas Risk factors for compartment syndrome in gunshot fractures of the lower extremities
Dr. Kelly Review of surgeries for throwing injuries
Dr. Torg Why do football players break their necks?
Dr. Moyer Meniscal repairs: outcomes of mini open and inside out repairs
Dr. Torg Brachial plexus and spinal cord injuries resulting from athletic injury
Dr. Mooar Evaluation of the quality of digitized fi lms acquired on fi lm fi rst
Dr. Torg Preventable beach and swimming injuries
Dr. Ilyas The incidence of radiocarpal fracture dislocations
Dr. Mooar Open MRI evaluation of patella femoral tracking under load
Dr. Thoder To be announced . . .

Current Industry-Sponsored Clinical Trials:

“A phase II randomized study investigating the safety, effi cacy and pharmacokinetics of Daptomycin versus comparator 
(Vancomycin or Teicoplanin) in the treatment of subjects undergoing surgical standard of care for osteomyelitis associated 
with an infected prosthetic hip or knee joint caused by methicillin-resistant staphylococcus aureus or coagulase-negative 
staphylococci.” (Cubist Pharmaceuticals) Byungse Suh, MD, Principal Investigator Infectious Diseases, Pekka A. Mooar, 
Sub-Investigator

“A randomized, double-blind phase 3 study of the effi cacy and safety of HZT-510 in subjects requiring NSAID treatment.” 
(Horizon Therapeutics) Pekka A. Mooar, Principal Investigator

“Double-blind, multi-center study evaluating the safety of OMS103HP and vehicle in patients undergoing anterior cruciate 
ligament reconstruction.” (Omeros Corporation) Pekka A. Mooar, MD, Principal Investigator, Ray Moyer, MD, 
Sub-Investigator, John D. Kelly, IV, MD, Sub-Investigator, Bruce Vanett, MD, Sub-Investigator

Current Investigator-Initiated Prospective Studies Coordinated by the Offi ce:

“Analysis of osteoactivin in human fracture hematoma.” PI: Saqib Rehman, MD, in collaboration with Drs. Steven Popoff and 
Fayez Safadi, Department of Anatomy and Cell Biology. Temple IRB#10757 (Renewed)

“A comparison of achilles graft placement locations on ACL reconstruction surgery.” PI: John D. Kelly, IV, MD, Jonathan 
Piposar, MSII. Temple IRB#11139

“Osteochondral allograft transplantation for treatment of glenohumeral instability in twenty-fi ve patients.” PI: Simon Chao, MD, 
John Fowler, MD. Temple IRB#11215

Current Faculty and Resident Research Projects Coordinated by the Offi ce:

“Clinical follow-up of gunshot femoral fractures with vascular injury.” PI: Saqib Rehman, MD, Omar Bedias, MSII. Temple 
IRB#11214.

“Micronail use in treatment of distal radius fractures.” PI: Asif Ilyas, MD. Temple IRB#11536

“Management of hand infections: A review of infections presenting to the emergency department of a major community 
medical center.” PI: Asif Ilyas, MD, Michael O’Malley, MSIII. Temple IRB#11424

“Management of humerus fractures from gunshot injury.” PI: Asif Ilyas, MD, Joseph Dwyer, MSIII. Temple IRB#11422

“Long distal biceps tendon repair: outcomes and complications of a two-incision technique.” PI. Alyssa Schaffer, MD, Joseph 
J. Thoder, MD. Temple IRB#11066
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Temple University Hospital
Department of Orthopaedic Surgery and Sports Medicine 

House Staff 2007–2008

Wade Andrews, MD
PGY-5

Kristofer Matullo, MD
PGY-5

Joseph Morreale, MD
PGY-5

William Pfaff, MD
PGY-5

Simon Chao, MD
PGY-4

Neil MacIntyre, MD
PGY-4

Carlos Morerya, MD
PGY-4

Alyssa Schaffer, MD
PGY-4

Abtin Foroohar, MD
PGY-3

John Parron, MD
PGY-3

Allen Tham, MD
PGY-3

Irfan Ahmed, MD
PGY-3

Ian Duncan, MD
PGY-2

Brian George, MD
PGY-2

Gbolabo Sokunbi, MD
PGY-2

Christopher Kestner, MD
PGY-2

Nate Bodin, MD
PGY-1

John Fowler, MD
PGY-1

Jung Park, MD
PGY-1

John Richmond, MD
PGY-1
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William Pfaff, MD

Bill is a graduate of the University of Delaware where he 
graduated summa cum laude and earned a Bachelor’s Degree 
in Biochemistry. He is married with four kids. He earned his 
medical degree at Jefferson Medical College. Bill is pursu-
ing a fellowship in Spine Surgery at Pennsylvania Hospital, 
University of Pennsylvania Health System. 

Joseph Morreale, MD

Joe is from the Philadelphia suburbs. He graduated from 
Penn State with a Bachelor’s in Public Relations and Adver-
tising with a post-baccalaureate in premed. He completed 
his medical training from Jefferson Medical College. He is 
married with one child. Joe is pursuing a fellowship in Spine 
Surgery at Yale University, New Haven, Connecticut.

Kristofer Matullo, MD

Kristofer grew up in southern New Jersey. He attended 
LaSalle University where he earned a Bachelor’s Degree in 
Biology with a minor in Eastern Religions. Kris completed 
his medical school training at Temple University. He is mar-
ried with one child. Kris is completing a fellowship in Hand 
and Upper Extremity Surgery at the Mayo Clinic in Roches-
ter, Minnesota.

Wade Andrews, MD

Wade grew up in Greensburg, PA. He graduated from Penn-
sylvania State University with a Bachelor’s in Premedicine. 
He then completed his medical school at Temple. He and his 
wife, Genevieve, have one son, Ethan. Wade is pursuing a 
fellowship in Sports Medicine at Baylor College of Medi-
cine in Houston, Texas.

Department of Orthopaedic Surgery and Sports Medicine 
Graduating Residents 2008
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Michael, originally from Ponce, Puerto Rico, is a graduate of Ponce Medical School. His interest in ortho-
paedic trauma developed as a resident at the State University of New York Downstate Medical Center in 
Brooklyn, NY. He completed his residency in 2007 and came to Temple as the AO Orthopaedic Trauma 
Fellow for 2007–2008. Michael’s operative and teaching skills in the OR were well appreciated. An avid 
fan of reggaeton and the iPhone, his humor and good nature will be truly missed. He is a proud new father 
and will be moving back to Puerto Rico with his family to start private practice. We wish him the best of 
luck.

Temple AO Trauma Fellow 2007–2008

Michael J. Serra, MD
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Update on the Residency Program
Upon taking over the reigns, the residency program had been without a director for almost a year. I 

was pleased to fi nd that the program was continuing to function quite effectively due to the diligence of 
the residents and the commitment of the attending faculty. Also, upon my arrival, I was the recipient of 
some great news regarding last year’s graduating class: Lenny D’Adessi, David Junkin, Robert Purchase, 
and David Yucha. Every member of the class did exceptionally well on Part 1 of their ABOS Board Exam, 
with each scoring within the top one-third percentile nationally. 

With the closure of Temple Children’s Medical Center, our pediatric experience has transferred to a 
new but familiar site, St. Christopher’s Hospital for Children. In many ways, this is a homecoming for us, 
although St. Christopher’s is currently owned by the Tenet Health System and is a primary teaching site of 
the Drexel University College of Medicine. It is one of only two Level 1 pediatric tertiary care trauma 
centers in Philadelphia and is staffed by four pediatric fellowship trained orthopaedic surgeons: Dr. Peter 
Pizzutillo, Dr. Martin Herman, Dr. Juan Realyvazquez, and Dr. Shannon Safi er. Despite the disappoint-
ment of our Temple Children’s Medical Center closing, we are confi dent that the transfer of our pediatrics 
rotation to St. Christopher’s will actually improve the breadth of our residents’ pediatric experience. 

To further augment the clinical experience offered to our residents, we are working to add an oncol-
ogy experience with the addition of a rotation at our clinical partner, the Fox Chase Cancer Center. Fox 
Chase is a vibrant cancer center with an excellent orthopaedic oncology volume and is staffed by oncology 
fellowship trained orthopaedic surgeons. On this rotation, the residents will spend time in the operating 
room as well as in the weekly Sarcoma clinic. 

Similarly, several initiatives have been set in motion to enhance the educational experience on our 
current rotations. Daily morning conference, monthly grand rounds, and indication conferences remain 
the cornerstone of the educational experience. In addition, rotation specifi c syllabi are being compiled to 
provide further subspecialty insight in the form of textbook readings, classic articles, and test-prep 
questions. 

Research efforts continue to be strong amongst the residents. Much of their success is categorized for 
you in this journal. Beginning next year, on the annual Research Day, a new tradition will be initiated with 
the presentation of a “Senior Thesis” by each of the graduating chief residents. They will present a research 
project they initiated and completed during their residency tenure. 

Lastly, I’d like to share a few parting words about our graduating residents. Dr. Wade Andrews is 
moving to Houston for at least the next three years as he and his wife pursue further subspecialty training. 
Wade has lined up for a Sports Medicine fellowship at Baylor, but also continues to hear the calling 
towards Hand Surgery. Dr. Kristofer Matullo has answered the call and will be pursuing a Hand Surgery 
fellowship at the Mayo Clinic in balmy Rochester, Minnesota. Drs. Joseph Morreale and Bill Pfaff, both 
Jefferson alumni, are following in the tradition of their alma mater and pursuing Spine Surgery fellow-
ships. Joe is headed up to Yale, and Bill is going to Pennsylvania Hospital. I commend them each for their 
diligence as residents in our program and look forward to having them carry the title of Temple Orthopae-
dics alumni as they move forward in their professional careers. 

Asif M. Ilyas, MD
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Snapshots from 2007–2008

Pumping up for a case: (left to right) Gbolabo, Mike, and Kris.

Dr. Peter Pizzutillo and the PGY-3 class: (left to right) Parron, Ahmed, Pizzutillo, Foroohar, and Tham.

Spine surgeon alert! (left to right) Victor Hsu ’06, F. Todd Wetzel, and 
Amer Samdani.

A job well done: Brian “Ilizarov” George.
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Instructions to Authors

Editorial Philosophy

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

Editorial Review Process

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

Manuscript Requirements

Manuscripts are not to exceed 15 double spaced type-written pages and/or 5000 words (minus fi g-
ures/tables/pictures). The Manuscript should contain the following elements: Title page, Abstract, Body, 
References, and Tables/Legends. Pages should be numbered consecutively starting from the title page. 

(1) Title Page — The fi rst page should contain the article’s title, authors & degrees, institutional affi li-
ations, confl ict of interest statement, and contact information of the corresponding author (name, address, 
fax, email address).

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

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

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

(5) Each page should have continuous line numbers placed, as well as the fi rst author’s name, date 
submitted and page number in the footer.

Submit

• Three hard copies
• Two CDs labeled with the author’s last name and manuscript title

Disclaimer: This journal contains manuscripts that are considered interpersonal communications 
and extended abstracts and not formalized papers unless otherwise noted. 
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