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Orthopaedic Surgeons 
Do Not Increase Surgical 
Volume After Investing 
in a Specialty Hospital

BY G. WILLIAM WOODS, MD, DANIEL P. O’CONNOR, PHD, AND PEGGY PIERCE, BBA

Investigation performed at the Fondren Orthopedic Group and the Joe W. King Orthopedic Institute, Houston, Texas

Background: The number of surgical specialty hospitals with physician investors in the United States has increased
in the last ten years. Opponents to these hospitals have argued that surgeon investors will perform more surgery in
order to maintain the hospital’s profitability. The purpose of the present study was to determine whether the surgical
volume or the surgical rate increased for a group of ten orthopaedic surgeons after the opening of an orthopaedic
surgery specialty hospital in which they held a financial interest.

Methods: We analyzed the practice data for ten orthopaedic surgeons during an interval spanning seven years be-
fore and eight years after the opening of an orthopaedic surgery specialty hospital in which they held a financial inter-
est. The average rates of change in the number of surgical procedures per year for each period were computed and
compared with use of regression analysis. The percentages of patients who underwent surgery before and after the
opening of the specialty hospital were also compared.

Results: The ten orthopaedic surgeons did not increase their surgical volume or surgical rate after the specialty hos-
pital opened. The ten surgeons performed an average of 4399 surgical procedures per year before the hospital
opened and 4542 surgical procedures per year after the hospital opened. The rate of change in the number of surgi-
cal procedures per year (19.1 compared with 8.9 procedures per year) did not increase after the specialty hospital
opened. The annual patient volume (16,019 compared with 15,982 patients) and the percentage of patients who un-
derwent surgery (27.5% compared with 28.4%) did not significantly change after the specialty hospital opened.

Conclusions: The opening of an orthopaedic surgery specialty hospital did not increase the surgical volume or the
surgical rate for ten orthopaedic surgeons who held a financial interest in the facility.

he number of specialty hospitals in the United States
that focus on surgical services has increased substan-
tially in the last ten years1,2. About 70% of these spe-

cialty hospitals have surgeon investors who also practice in the
facility2. The American Hospital Association and several legis-
lators have expressed concerns about this recent trend3-5. Spe-
cifically, they contend that physician investment in certain
types of specialty hospitals creates an unfair competitive
advantage over full-service hospitals3-5. In response to these
concerns, an amendment to the Medicare Prescription Drug,
Improvement, and Modernization Act of 2003 placed a mora-
torium on the construction of particular types of specialty
hospitals and directed various government agencies to study

specialty hospitals that have physician investors6.
Several government studies and privately commissioned

reports have described various characteristics of full-service
and specialty hospitals, such as geographic location, market
share, extent of services provided, financial performance, case
mix, and quality of care1,2,7. None of those studies investigated
whether physician investors changed their practice patterns af-
ter the opening of a specialty hospital.

The purpose of the present study was to compare the
surgical practices of a group of ten orthopaedic surgeons be-
fore and after they invested in a specialty hospital. Our hy-
pothesis was that the amount of surgery performed by these
surgeons would have increased after the surgical specialty hos-
pital opened. We also calculated the proportion of surgical
procedures that were performed in the specialty hospital and
outside of the specialty hospital in order to examine the extent
to which the surgeon investors utilized the facility.

T

A commentary is available with the electronic versions of this article,
on our web site (www.jbjs.org) and on our quarterly CD-ROM (call our
subscription department, at 781-449-9780, to order the CD-ROM).
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Materials and Methods
he practice data for ten orthopaedic surgeons in a single
group practice were analyzed. The study period was seven

years before and eight years after the opening of an ortho-
paedic surgery specialty hospital in which the surgeons held a
financial interest.

At the beginning of the study period, the ten ortho-
paedic surgeons had been in practice for an average of 8.4
years (range, one to seventeen years) beyond residency and
fellowship training. The ten orthopaedic surgeons held a fi-
nancial interest in the specialty hospital and had participated
in planning and designing the facility. The ten orthopaedic
surgeons maintained their clinic in the same building as the
specialty hospital, which is located near a large urban medical
center in the southern United States.

For each calendar year of the study period, the number
of patients who were encountered, the number of surgical
procedures that were performed, and the locations at which
the surgical procedures were performed were abstracted from
archival practice data for each doctor. Surgical procedures
were identified with use of Current Procedural Terminology
codes ranging from 10000 to 69999. Procedures in this range
of Current Procedural Terminology codes that had been per-

formed in the clinic (e.g., joint injections, closed fracture
reductions, castings, etc.) were excluded. Only surgical proce-
dures that had been performed in a hospital or surgical center
were counted. The location of the surgical procedures after the
specialty hospital opened was classified as either in the spe-
cialty hospital or outside of the specialty hospital.

Data Analysis
Means and standard deviations were computed for the num-
ber of surgical procedures per year. Regression analysis was
used to determine the average rates of change in the number
of surgical procedures per year. The regression slope coeffi-
cients represented the rates of change in the number of surgi-
cal procedures per year before and after the specialty hospital
opened, or the respective annualized rates of surgical growth.
A regression slope coefficient of 0 would be equivalent to no
change in surgical volume, a negative slope would be equiva-
lent to a decreasing rate of surgical procedures per year, and a
positive slope would be equivalent to an increasing rate of sur-
gical procedures per year. The proportion of all surgical proce-
dures performed by the ten surgeons inside and outside of the
specialty hospital after it opened also was computed.

To test our primary research hypothesis, the numbers of

T

Fig. 1

Graph showing the number of surgical procedures, by year, for ten orthopaedic surgeons who held a financial 

interest in an orthopaedic surgery specialty hospital. The star represents the year that the specialty hospital 

opened. The solid line represents the annualized rate of change in the number of surgical procedures per year 

(growth in surgical volume) before the hospital opened, as extrapolated through the entire study period, and 

the dashed line represents the annualized rate of change after the hospital opened. These two rates were not 

significantly different (p = 0.691).
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surgical procedures per year before and after the opening of
the specialty hospital were compared with use of a paired t
test. The regression slope coefficients were compared with use
of a paired t test to determine whether the rate of change in
the number of surgical procedures per year had changed after
the opening of the specialty hospital. The annual patient vol-
umes before and after the opening of the specialty hospital
also were compared with use of a paired t test. Finally, the per-
centages of patients who underwent surgery before and after
the opening of the specialty hospital were compared with use
of the Friedman test (analysis of variance by ranks); this non-
parametric test was used because percentage values cannot be
assumed to be normally distributed.

Results
he number of surgical procedures per year (p = 0.302), the
average rate of change in the number of surgical procedures

per year (p = 0.691), total patient volume (p = 0.933), and the
percentage of patients undergoing surgery (p = 0.705) did not
significantly change after the opening of the specialty hospital.

Surgical Procedures per Year
The opening of the specialty hospital did not have a significant

effect on the average number of surgical procedures per year
(p = 0.302) (Fig. 1). In the seven years before the specialty hos-
pital opened, the ten orthopaedic surgeons performed an aver-
age (and standard deviation) of 4399 ± 84.5 surgical procedures
per year. In the eight years after the specialty hospital opened,
the surgeons performed an average of 4542 ± 127.6 surgical
procedures per year. This difference of 143 surgical procedures
per year indicated a 3.3% increase in surgical volume.

Rate of Change in Number of 
Surgical Procedures per Year
The opening of the specialty hospital did not have a signifi-
cant effect on the rate of change in the number of surgical
procedures per year (p = 0.691). Before the surgical hospital
opened, the number of surgical procedures for the entire
group had been increasing at an average rate of 19.1 surgical
procedures per year, equivalent to an average of 1.9 surgical
procedures per surgeon per year and indicating an average
growth in surgical volume. After the specialty hospital
opened, the number of surgical procedures for the entire
group increased at an average rate of 8.9 surgical procedures
per year, equivalent to an average of 0.9 surgical procedures
per surgeon per year. Thus, surgical volume continued to

T

Fig. 2

Graph showing the percentage of patients undergoing surgery, by year, for ten orthopaedic surgeons who held 

a financial interest in an orthopaedic surgery specialty hospital. The star represents the year that the specialty 

hospital opened. The solid line represents the annualized rate of change in the percentage of patients under-

going surgery per year before the hospital opened, as extrapolated through the entire study period. The per-

centage of patients undergoing surgery per year did not change significantly after the specialty hospital 

opened (p = 0.705).
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increase after the specialty hospital opened, but at a slightly
lower rate.

The average number of surgical procedures per year as
predicted by the surgical growth rate before the specialty
hospital opened (4485 procedures) was slightly lower than
the actual average number of surgical procedures performed
per year after the hospital opened (4542 procedures). The
difference of fifty-seven surgical procedures was within the
standard error of prediction for the trend (183 surgical pro-
cedures), which indicates that there was no significant differ-
ence from the predicted value (p = 0.582).

Percentage of Patients 
Undergoing Surgery
The opening of the specialty hospital did not have a significant
effect on the percentage of patients undergoing surgery (p =
0.705) (Fig. 2). The average number of patients seen per year
by the ten orthopaedic surgeons also did not change signifi-
cantly after the specialty hospital opened (16,019 compared
with 15,982 patients per year; p = 0.933). In the seven years
before the specialty hospital opened, 27.5% of patients under-
went surgery. In the eight years after the specialty hospital
opened, 28.4% of patients underwent surgery. This increase of
0.9% was equivalent to 1.2 additional patients undergoing
surgery per doctor per month.

Proportion of Surgical Procedures 
Performed in the Specialty Hospital
In the last year of the study period, the ten surgeons per-
formed 91.7% of their surgical procedures at the specialty
hospital. Eight of the ten surgeons performed 99.2% (3447)
of their 3474 surgical procedures at the specialty hospital
that year. The remaining two surgeons accounted for 92.9%
of the surgical procedures that were performed outside of
the specialty hospital that year. One of these two surgeons
performed 33.4% of his surgical procedures at a local full-
service hospital in which he had practiced before the specialty
hospital opened. This surgeon’s practice consisted nearly en-
tirely of joint replacement surgery. Consequently, many of
his patients were elderly and had medical problems in addi-
tion to degenerative joint disease. These patients usually were
receiving care for these medical problems from various physi-
cians who were affiliated with the local full-service hospital.
Many of these physicians had referred patients to this ortho-
paedic surgeon for treatment. This orthopaedic surgeon per-
formed the surgical procedures for the referred patients at
the local full-service hospital. The second orthopaedic sur-
geon performed 31.4% of his surgical procedures at two lo-
cal full-service hospitals. This surgeon was an orthopaedic
consultant for diabetes centers that were located at those
full-service hospitals. Because of these relationships, he often
provided surgical treatment for patients of the diabetes cen-
ters who had musculoskeletal problems related to diabetes.
This surgeon performed those surgical procedures at the
full-service hospital at which the patient had already been
receiving treatment.

Discussion
here are numerous specialty hospitals that provide limited
services in one particular branch of medicine. Many of

these specialty hospitals are subsidiaries of larger full-service
hospitals or belong to large hospital systems. In the last ten
years, however, a substantial number of cardiac and ortho-
paedic surgery specialty hospitals have opened, and most have
physician investors who practice at the facility1,2. The Ameri-
can Hospital Association and various legislators have argued
that physician investment in cardiac and orthopaedic specialty
hospitals constitutes a conflict of interest and provides an un-
fair competitive advantage over full-service hospitals3-5.

Representatives of the American Hospital Association
have alleged that surgeon investors will increase surgical vol-
ume and admit only relatively healthy patients who have good
health insurance to the specialty hospital, thus ensuring a
profit for the hospital and themselves4,5,8-10. According to this
argument, the local full-service hospitals would then be caring
for a greater number of less healthy and uninsured patients,
which would decrease the profitability of those hospitals. This
decrease in profitability would cause financial problems for
the full-service hospitals since they use the profits from certain
services, including orthopaedic surgery, to support other im-
portant but less profitable services, such as trauma centers,
burn units, and emergency departments4.

The ten surgeons in the current study had a financial in-
centive to increase their surgical volume to support the spe-
cialty hospital, but this incentive had a negligible effect on their
behavior. The surgical volume and surgical rate essentially did
not change after the specialty hospital opened. The small fluc-
tuations in surgical volume can be attributed to factors other
than financial incentive, such as continued practice growth, in-
creased operating room time, fewer deferred (“bumped”) sur-
gical procedures, and increased efficiency due to highly trained
surgical staff and specialized equipment8,11-13.

The surgeons also did not appear to be admitting only
their relatively healthy patients who had good health insurance
to the specialty hospital. On the contrary, the ten orthopaedic
surgeons attempted to perform all of their surgical procedures
at the specialty hospital. In the last year of the study period,
eight of the ten surgeons performed >99% of their surgical pro-
cedures at the specialty hospital. The other two surgeons per-
formed surgical procedures outside of the specialty hospital
only when specifically consulted by local full-service hospitals.

The orthopaedic surgeons did not exclude patients who
had difficult or challenging medical conditions from the spe-
cialty hospital. Their group practice had been in existence for
more than twenty years before the specialty hospital opened.
Many of their patients were referrals from other orthopaedic
surgeons, and many of the referred patients had multiple or-
thopaedic and medical problems and had undergone multiple
surgical procedures. Nearly all of these referred patients were
managed at the specialty hospital after it opened.

Another criticism of specialty hospitals with physician in-
vestors is that they may only accept insured patients, thereby in-
creasing the burden on local hospitals to care for financially or

T
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medically indigent populations. In the county where the spe-
cialty hospital is located, 75% of indigent medical care is pro-
vided by two large full-service public hospitals. In addition, the
county’s nineteen nonprofit hospitals are required to provide
charity care equal to at least 4% of their net revenues. The thirty
for-profit hospitals in this county are not required to provide
any charity care. Thus, by intent, the vast majority of the indi-
gent and charity care in this county is provided by two public
hospitals and the nonprofit facilities14,15. The specialty hospital
in the current study accepts a small number of charity and indi-
gent cases, although it is not required to do so.

The physicians’ group practice and the specialty hospital
are Medicare and Medicaid providers. Medicare and Medic-
aid account for approximately 20% of the gross revenues of
the specialty hospital15. Before the specialty hospital opened,
the ten orthopaedic surgeons had been performing surgery in
two nonprofit full-service hospitals. The opening of the spe-
cialty hospital did not affect the relative amount of Medicare
and Medicaid revenues in those facilities. Medicare and Med-
icaid represented 50% of gross revenues at those two hospitals,
both before and after the specialty hospital opened.

An orthopaedic surgery specialty hospital increases the lo-
cal capacity to deliver orthopaedic care by increasing the available
operating room time1. Ideally, increased capacity matches an in-
creased need for orthopaedic surgery. The need for orthopaedic
surgery depends primarily on the size of the local population16-19.

The average need for orthopaedic surgery in the United
States, based on thirty years of data collected by the American
Academy of Orthopaedic Surgeons, depends on the ratio of or-
thopaedic surgeons to the total population, irrespective of geo-
graphic region19. During the fifteen-year period described in
the present study, the ratio of orthopaedic surgeons to the total
population averaged one surgeon per 16,675 people. This ratio
stayed fairly consistent as the number of orthopaedic surgeons
grew in proportion to the population. This ratio of surgeons to
population equates to an annual rate of approximately 800 or-
thopaedic surgical procedures per 100,000 people19.

The population of the metropolitan area in the present
study increased from 3.6 million people just before the specialty
hospital opened to 4.4 million people in the last year of the
study period20. Population growth should have created a need
for 6400 additional orthopaedic surgical procedures in the last
year of the study period relative to the year before the specialty
hospital opened. According to the American Academy of Or-
thopaedic Surgeons, the typical orthopaedic surgeon performs
nine surgical procedures per week and practices forty-seven
weeks per year21,22, which amounts to 423 surgical procedures
per year. At this rate, population growth alone would have re-
quired the equivalent of fifteen additional full-time orthopaedic
surgeons to accommodate the need for orthopaedic surgery.
The specialty hospital thus did not create excess capacity in the
local health-care system, but it did help to meet the increasing
need for orthopaedic surgery in a rapidly growing population.

The accuracy of these estimates may be questioned. Ac-
cording to the Texas Department of State Health Services,
however, the total number of all surgical procedures per-

formed per year in our region during the study period was
highly correlated with the growth of the population (r = 0.96);
during that time, the total number of all surgical procedures
performed in the metropolitan area increased by 22.6% whereas
the population increased by 21.4%20,23. Orthopaedic surgical pro-
cedures represent a relatively consistent percentage of all surgical
procedures performed, averaging about 10% nationally24. Thus,
one might reasonably assume that the need for orthopaedic sur-
gery increased proportionately with the population, just as the
need for all types of surgery increased.

Some opponents of specialty hospitals also contend that
physician investment decreases patient volume and decreases
revenues at the local full-service hospitals3-5. In the eight years
since the specialty hospital opened, the two full-service hospi-
tals at which the orthopaedic surgeons had been practicing in-
creased their annual total surgical volume by 9173 surgical
procedures23. During that same period, the hospitals increased
the amount of services that they delivered by 81% (as indicated
by inflation-corrected gross revenues, the sum of charges for all
services rendered)15. Thus, after the orthopaedic specialty hos-
pital opened, the full-service hospitals dramatically increased
the volume of health-care services that they were providing.

With respect to revenues, during the last year of the
study period, the two full-service hospitals reported net reve-
nues (realizable collections) of >1.2 billion dollars14, none of
which was subject to taxes. The ratio of net revenue to gross
revenue (that is, the ratio of the collectible amount to the total
amount charged) for the two full-service hospitals was 41.3%
that year. In contrast, the orthopaedic surgery specialty hospi-
tal reported net revenues of 56.5 million dollars14, which, after
deduction of business expenses, was subject to taxation. The
ratio of net revenue to gross revenue for the specialty hospital
was 42.6%, nearly the same as that for the full-service hospi-
tals. The specialty hospital’s reported bad debt (1.2% of gross
revenues) was essentially equal to the bad debt reported by the
two larger, nonprofit, full-service hospitals (1.0% and 1.3% of
gross revenues, respectively)14. If only 10% of the nonprofit
full-service hospitals’ net revenues had been subject to taxes,
those facilities would have paid approximately 42 million dol-
lars in taxes in 2002. Hence, the relative financial benefit of
having tax-exempt nonprofit status far exceeded the net prof-
its of the specialty hospital. Direct revenue comparisons be-
tween different types of medical facilities should be interpreted
with caution. The specialty hospital, however, did not appear
to be having any substantial long-term effect on either the de-
livery of care or revenues at the local full-service hospitals.

According to a study by the United States General Ac-
counting Office, most of the surgical specialty hospitals built
since 1990 have opened in densely populated areas that have
population growth rates much higher than the national
average2. The General Accounting Office study also reported
that the locations of specialty hospitals do not appear to be re-
lated to the number of physicians or hospital services that are
otherwise available in the area2. The specialty hospital in the
current study is located in an area for which the projected ten-
year population growth is 23% and in which there currently

http://www.ejbjs.org


1190

 TH E JO U R NA L OF BONE & JOINT SURGER Y ·  JBJS .ORG

VO LU M E 87-A ·  NU M B E R 6 ·  JU N E 2005
OR T HOP AE D IC SURGEON S DO NOT IN C RE A S E SU R G IC A L 
VOLUME AF TER INVE ST ING IN A SP E CIALT Y HOSPITAL

are more than fifty hospitals, 11,000 staffed beds, forty-seven
ambulatory surgery centers, and more than 250 board-certified
orthopaedic surgeons. The General Accounting Office con-
cluded that “specialty hospital location was associated with reg-
ulatory and demographic conditions that may facilitate or
encourage hospital development.”2 In other words, specialty
hospitals tend to be built in communities that have a high
need for the services that they provide.

Surgical specialty hospitals have several potential advan-
tages. They may provide patients with more efficient services
and a higher quality of care than do full-service hospitals8,11. In
a privately commissioned report in which several cardiac sur-
gery specialty hospitals were compared with local full-service
community hospitals with regard to the same services, the
specialty hospitals were shown to be associated with better
outcomes while treating patients who had a greater severity of
illness7. The quality of care increases and the length of stay de-
creases as the volume of similar surgical procedures increases,
thus supporting the concept of a specialty unit or specialty
facility25,26. Since opening, the inpatient and outpatient surgi-
cal services at the specialty hospital in the current study, on
the average, have been rated at or above the ninety-fifth per-
centile for all indicators of patient satisfaction when compared
with acute-care hospitals in the Gallup healthcare database.
The latest available twelve-month risk-adjusted complication
rate of 4.5% in the specialty hospital compares favorably with

the national average of 4.9% for acute-care hospitals over the
same period. Increased efficiency and higher quality of care
would, theoretically, lower the per-patient health-care cost.

In conclusion, the average number of surgical procedures
per year performed by investing surgeons was not affected by the
opening of the specialty hospital. Patient volume and the percent-
age of patients receiving surgery also were not affected. �
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Percutaneous Distal 
Metatarsal Osteotomy for 

Correction of Hallux Valgus
BY BRUNO MAGNAN, MD, LORENZO PEZZÈ, MD, NICOLA ROSSI, MD, AND PIETRO BARTOLOZZI, MD

Investigation performed at the Department of Orthopaedics, University of Verona, Verona, Italy

Background: Distal osteotomy of the first metatarsal is indicated for the surgical treatment of mild-to-moderate hal-
lux valgus deformity. The aim of this study was to evaluate the results of a subcapital distal osteotomy of the first
metatarsal with use of a percutaneous technique.

Methods: From 1996 to 2001, 118 consecutive percutaneous distal osteotomies of the first metatarsal were per-
formed for the treatment of painful mild-to-moderate hallux valgus in eighty-two patients. The patients were assessed
with a clinical and radiographic protocol at a mean of 35.9 months postoperatively. The American Orthopaedic Foot
and Ankle Society (AOFAS) hallux-metatarsophalangeal-interphalangeal scale was used for the clinical assessment.

Results: The patients were satisfied following 107 (91%) of the 118 procedures. The mean score on the AOFAS scale
was 88.2 ± 12.9 points. The postoperative radiographic assessments showed a significant change (p < 0.05), compared
with the preoperative values, in the mean hallux valgus angle, first intermetatarsal angle, distal metatarsal articular an-
gle, and sesamoid position. The valgus deformity recurred after three procedures (2.5%), the first metatarsophalangeal
joint was stiff but not painful after eight (6.8%), and a deep infection developed after one (0.8%). The infection resolved
with antibiotic therapy.

Conclusions: The percutaneous technique proved to be reliable for the correct execution of a distal linear osteotomy
of the first metatarsal for the correction of a painful mild-to-moderate hallux valgus deformity. The clinical results ap-
pear to be comparable with those obtainable with traditional open techniques, with the additional advantages of a
minimally invasive procedure, a substantially shorter operating time, and a reduced risk of complications related to
surgical exposure.

Level of Evidence: Therapeutic Level IV. See Instructions to Authors for a complete description of levels of evidence.

allux valgus is a frequent deformity of the first meta-
tarsophalangeal joint, particularly in women. The two
fundamental elements in this condition are abduction

and pronation of the hallux and abduction and pronation of the
first metatarsal. The indication for surgical correction of hallux
valgus with a distal osteotomy of the first metatarsal is pain as-
sociated with a mild-to-moderate hallux valgus deformity1-9 and
a first intermetatarsal angle10 of 13° to 18°3,5-7.

A number of osteotomies that correct the deformity sim-
ply by realigning the osseous segments have been proposed1,4,11-16.
Currently, a simple linear osteotomy can be performed with use
of a minimally invasive percutaneous approach2,16-20, provided
that technically correct execution is ensured and secure stabili-
zation of the osteotomy site is achieved.

The potential advantages of a minimally invasive percuta-

neous approach are a reduction in the operating time and the
surgical exposure, the possibility of performing the procedure
bilaterally with fewer complications, the use of distal ankle-
block anesthetic techniques, and early weight-bearing2,17-20.

Our indication for performing a percutaneous distal
osteotomy is the same as that for performing a distal osteot-
omy with an open technique and lateral soft-tissue release.
An intermetatarsal angle of up to 20° is not regarded as a
contraindication.

The percutaneous procedure has evolved from the tradi-
tional open techniques that depend on stabilization with a
Kirschner wire4,14,15,21 and was standardized by Bösch et al.16,17.

The aim of the present study was to analyze a series of
patients who had undergone a percutaneous distal metatarsal
osteotomy and had been followed for more than two years.

Materials and Methods
rom May 1996 to February 2001, 118 consecutive percutane-
ous distal osteotomies of the first metatarsal were performed

H

F
A commentary is available with the electronic versions of this article,
on our web site (www.jbjs.org) and on our quarterly CD-ROM (call our
subscription department, at 781-449-9780, to order the CD-ROM).
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in eighty-two patients (seventy-seven female and five male).
Conservative treatment (wearing comfortable or modified
shoes, use of insoles, and skin care) for at least one year had
failed for all patients. The procedure was performed bilaterally
in the same session in thirty-one patients and bilaterally in
two separate sessions, with an interval of about a year between
the operations, in another five patients. The mean age of the
patients at the time of the operation was 56.3 ± 13.1 years
(range, seventeen to seventy-nine years). No previous surgery
had been performed on any of the feet. All patients com-
plained of pain in the area of the first metatarsal head, mainly
due to pressure of footwear. One patient had an ulcerated
bunion, and there was pain under the lesser metatarsals in
sixty-four (54%) of the 118 feet.

Clinical Assessment
The hallux-metatarsophalangeal-interphalangeal scale pro-
posed by the American Orthopaedic Foot and Ankle Society
(AOFAS) was used for the clinical assessment22. This system,
which has not yet been validated23, provides a score ranging
from 0 to 100 points, which takes into consideration both
subjective and objective elements such as pain (maximum
score, 40 points), functional capacity (maximum score, 45
points), and hallux alignment (maximum score, 15 points).
Other factors that were evaluated in the clinical assessment
were any limitation of daily and/or sports or recreational ac-
tivity, the type of shoes that the patient could wear, the sta-
bility of the first metatarsophalangeal and interphalangeal
joints, and the presence of calluses. The patient’s satisfaction

Fig. 1-A

Figs. 1-A through 1-F Operative photographs and fluoroscopic images demonstrating the surgical technique. Figs. 1-A and 1-B A 2-mm Kirschner 

wire is inserted from distal to proximal, and a 2 to 3-mm skin incision is made at the distal metaphysis of the first metatarsal medially.

Fig. 1-B

Fig. 1-C

Figs. 1-C and 1-D The osteotomy is performed with a micromotorized Lindemann bone-cutter.
Fig. 1-D
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with the outcome (satisfied or unsatisfied) was also elicited.

Radiographic Assessment
Anteroposterior and lateral weight-bearing radiographs of the
foot were made preoperatively; at three months postopera-
tively to verify consolidation of the osteotomy site; and at the
time of final follow-up to measure the hallux valgus angle,
first intermetatarsal angle, and distal metatarsal articular an-
gle, as recommended by the AOFAS10. The position of the ses-
amoids was assigned a grade of 0 to 410,24,25. The position of the
head of the first metatarsal in the sagittal plane in relation to
the shaft of the first metatarsal was defined as plantar, neutral,
or dorsal, and the extent of lateral displacement of the capital
fragment was expressed as a percentage of the transverse di-
ameter of the osteotomy line20.

When there was evidence of incomplete consolidation
of the osteotomy site at three months postoperatively, the ra-
diographic assessment was repeated every three months until
consolidation was confirmed.

Statistical Evaluation
The significance of the changes in the hallux valgus angle,
the first intermetatarsal angle, the distal metatarsal articular
angle, and the sesamoid position at the follow-up examina-
tion, as compared with the preoperative values, was deter-
mined with use of the Student t test, with 0.05 as the cut-off
for significance.

Surgical Technique
The operation was performed with a minimally invasive tech-
nique and ankle block anesthesia26. The surgical procedure can
be facilitated by the use of a fluoroscopic image intensifier to
monitor the performance of some of the steps2,17.

The technique involves two percutaneous approaches:
the first is carried out approximately 2 to 3 mm from the
medial corner of the nail of the great toe, and the second is
carried out at the distal metaphysis of the first metatarsal on
the medial side, which is the site of the osteotomy2,16-20 (Figs.
1-A and 1-B). The periosteum around the osteotomy site is
detached first, with use of small scissors inserted through the
percutaneous approach dorsally and then plantarly. In this
way, the structures surrounding the metatarsal shaft can be
kept far from the bone-cutter. The osteotomy is then per-
formed through the subcapital region of the first metatarsal
with use of a thin 2.33-mm-diameter micromotorized Lin-
demann bone-cutter (Aesculap, Tuttlingen, Germany) (Figs.
1-C and 1-D). The cut is made in a single plane, perpendicu-
lar to the axis of the shaft of the first metatarsal in the sagittal
plane. The mediolateral obliquity of the osteotomy in the
frontal plane makes it possible to lengthen or shorten the
metatarsal with lateral displacement of the head fragment. A
slight lengthening obliquity enables the surgeon to recover
the 2 to 3 mm lost as a result of the action of the burr.

The osteotomy enables the surgeon to achieve an ap-
preciable degree of lateral displacement and slight plantar
displacement of the hallux and the metatarsal head. Further-
more, the metatarsal head can be rotated in the axial plane to
correct the rotational components of the deformity.

The percutaneous displacement of the first metatarsal
head is best achieved with the use of the Bösch device16,17 (Figs.
1-E and 1-F), which is a bent grooved probe, manufactured
from a stainless-steel cylindrical rod, measuring 7 mm in di-
ameter. The distal edge of the device is smooth and is bent
over a distance of about 4 cm (Tecres, Verona, Italy).

The osteotomy site is then stabilized by means of a 2-
mm Kirschner wire, which is inserted from distal to proximal

Fig. 1-E

Figs. 1-E and 1-F The lateral displacement of the metatarsal head is obtained with a grooved Bösch device, and the realignment is stabilized by the 

insertion of the 2-mm Kirschner wire into the medullary canal; the wire is firmly driven as far as the base of the first metatarsal.

Fig. 1-F
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in a parosteal position in relation to the hallux and the head of
the first metatarsal and then into the medullary canal of the
first metatarsal; it is firmly driven as far as the base of the first
metatarsal in order to improve stabilization (Fig. 1-F). The
wire is kept in that site for four weeks.

No associated soft-tissue procedures are performed. In
particular, lateral release with dissection of the soft tissues is
never done.

Postoperatively, functional taping is of fundamental im-
portance. The tape, which is kept in situ for six weeks and is
replaced every week (Fig. 2-A), is used with a plantar kidney-
shaped pad, with its concavity surrounding the plantar aspect
of the head of the first metatarsal in order to reduce the local
weight-bearing pressure beneath the capital fragment and pre-
vent dorsiflexion of the capital fragment (Fig. 2-B). The tape
maintains a slight hypercorrection of the hallux in order to
counter any recurrence of pronation.

Patients are allowed to walk on the day after the operation
with the use of appropriate postoperative footwear with a flat,

rigid sole (Figs. 3-A through 3-F). After the tape is removed, pa-
tients are encouraged to exercise the first metatarsophalangeal
joint, taking particular care to obtain full dorsiflexion within
four to six weeks.

Results
he subjects in the study gave informed consent, and the
study was approved by our institutional review board.

All patients were seen at the time of follow-up, at an aver-
age of 35.9 ± 10.9 months (range, twenty-four to seventy-eight
months), and all reported the disappearance or reduction of the
pain that they had experienced prior to the operation, both in
the area of the first metatarsal head and under the lateral meta-
tarsal heads. Fifty-six patients (eighty-three feet; 70%) reported
total disappearance of the pain, nineteen patients (twenty-six
feet; 22%) had only occasional pain, seven patients (nine feet;
7.6%) had daily moderate pain, and no patient had severe or
constant pain (Table I). The mean overall pain score was 36.3 ±
6.2 points of the 40-point maximum on the AOFAS hallux-

T

Fig. 2-A

Figs. 2-A and 2-B Postoperative taping. Fig. 2-A The dressing is maintained for six weeks and is changed every week. Fig. 2-B The taping includes 

use of a plantar kidney-shaped pad in order to reduce the local weight-bearing pressure beneath the first metatarsal head, preventing dorsiflexion of 

the capital fragment.

Fig. 2-B

TABLE I AOFAS Scores for Pain at the Time of Final Follow-up

Pain Score (points) No. (%) of Feet (N = 118) No. of Patients

None 40 83 (70) 56

Mild, occasional 30 26 (22) 19

Moderate 20 9 (7.6) 7

Severe, constant 0 0 0
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metatarsophalangeal-interphalangeal scale.
The functional capacity of the hallux, which was graded

by summing the scores for the six different aspects of functional
performance on the hallux-metatarsophalangeal-interphalangeal
scale (Table II), averaged 38.1 ± 5.1 points (maximum score on
the scale, 45 points). The maximum score for hallux align-
ment (15 points, indicating excellent or good alignment) on
the hallux-metatarsophalangeal-interphalangeal scale was re-
corded for eighty-eight feet (75%) in sixty patients; mild, as-
ymptomatic malalignment (a score of 8 points) was recorded

for twenty-seven feet (23%) in nineteen patients; and true re-
currence of the hallux valgus (a score of 0 points) was re-
corded for three feet (2.5%) in three patients (Table III). The
overall mean score for hallux alignment was 13.8 ± 3.9 points.
The mean total score for the AOFAS assessment was 88.2 ±
12.9 points, with a range of 40 to 100 points (Table IV).

Patients were satisfied with the results of 107 (91%) of the
118 procedures and dissatisfied with the results of eleven (9%).

With regard to the radiographic findings (Table V), the
final first intermetatarsal angle averaged 7.3° ± 2.7° and the

Fig. 3-A

Figs. 3-A through 3-F A woman treated with bilateral percutaneous distal osteotomy of the first metatarsal at the age of fifty-five years and followed for 

five years. Figs. 3-A and 3-B Clinical appearance and anteroposterior radiograph of the forefeet affected by painful moderate bilateral hallux valgus. 

Fig. 3-B

Fig. 3-C

Anteroposterior radiograph made after the surgical procedure.
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hallux valgus angle averaged 13.7° ± 6.7°. The mean distal
metatarsal articular angle decreased from 14.2° ± 6.4° preop-
eratively to 6.7° ± 4.6° at the time of final follow-up. The mean
sesamoid position was graded as 0.4 ± 0.6 at the time of final
follow-up, compared with 2.0 ± 0.8 preoperatively.

Plantar displacement of the first metatarsal head (mainly
a plantar translation, with some degree of plantar angulation in
a few feet) was found at the time of follow-up in fifty-eight

(49%) of the 118 feet, dorsiflexion of the head (mainly angular
deformity) was seen in fourteen feet (12%), and a position that
can be defined as neutral (essentially similar to the preoperative
position) was observed in forty-six feet (39%).

The extent of lateral displacement of the first metatarsal
head was 52.6% ± 20.6% of the diameter of the first metatar-
sal shaft in the immediate postoperative period and 32.8% ±
18.6% at the time of follow-up.

Fig. 3-D

Anteroposterior radiograph made at three months postoperatively, when full activity was allowed.

Fig. 3-E

Figs. 3-E and 3-F Clinical appearance and anteroposterior radiograph of the forefeet five years after the surgery. The correction was well main-

tained, and the patient was pain-free while wearing any type of footwear.

Fig. 3-F
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Complications
There was one early deep infection at the osteotomy site,
which was treated with intravenous antibiotic therapy and re-
solved in about two weeks. There was no need to remove the
Kirschner wire before the scheduled time. Superficial skin irri-
tation by the Kirschner wire occurred in two feet (1.7%), and
permanent numbness of the hallux occurred in three. There
were no nonunions of the osteotomy site. One sixty-two-year-
old man had progressive recurrence of the deformity with
pain and severe limitation of his ability to walk.

Motion of the first metatarsophalangeal joint was lim-
ited to <30° in eight feet (6.8%) in seven patients. These pa-
tients included one woman who had presented with hallux
valgus rigidus preoperatively. At thirty-five months postoper-
atively, the hallux appeared to be well aligned and was only oc-
casionally painful. This patient’s only limitation was the
inability to wear high-heeled shoes. One case of rigidity re-
sulted from the above-mentioned early infection, and the

other cases were related to poor mobilization of the hallux fol-
lowing removal of the tape. However, these patients did not
regard the joint motion deficit as disabling, and the rigidity
did not cause pain during walking.

No cases of secondary hallux varus were observed de-
spite the slight overcorrection that had been consistently
achieved at the time of stabilization of the osteotomy site.

Discussion
his study showed that the percutaneous distal osteotomy
enables the orthopaedic surgeon to achieve good correc-

tion of a moderate hallux valgus deformity, a finding that con-
firms previously reported results in the literature2,16-18,20. The
positive changes in the radiographic parameters measured
following consolidation of the osteotomy site fulfill the bio-
mechanical requisites for distal osteotomies of the first meta-
tarsal, and the clinical results, which were entirely comparable
with the reported outcomes of distal osteotomies performed

T

TABLE II AOFAS Scores for Functional Capability at the Time of Follow-up 

Functional Capability
Score 

(points)
No. (%) of 

Feet (N = 118)
No. of 

Patients

Activity limitation

None 10 105 (89) 73

No limitation of daily activity, limitation of recreational activity 7 8 (7) 6

Limitation of daily and recreational activity 4 3 (3) 2

Severe limitation of all activity 0 2 (2) 1

Footwear

Normal 10 82 (70) 57

Comfortable and/or insole 5 35 (30) 24

Orthopaedic 0 1 (1) 1

Metatarsophalangeal joint motion

>75° 10 29 (25) 22

30°-74° 5 81 (69) 53

<30° 0 8 (7) 7

Interphalangeal joint motion

Normal 5 116 (98) 80

<10° 0 2 (2) 2

Joint stability

Stable 5 116 (98) 80

Unstable 0 2 (2) 2

Callus

None or asymptomatic 5 108 (92) 75

Symptomatic 0 10 (9) 7

TABLE III AOFAS Scores for Hallux Alignment at the Time of Final Follow-up 

Alignment Score (points) No. (%) of Feet (N = 118) No. of Patients

Excellent/good 15 88 (75) 60

Mild asymptomatic misalignment 8 27 (23) 19

Symptomatic misalignment 0 3 (2.5) 3
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with open techniques1,3-7,14,15,21,27-32, were maintained at the time
of follow-up.

The only true contraindication to this procedure is
hallux rigidus with stiffness of the joint and periarticular os-
teophytes that cannot be fully treated by the percutaneous
technique.

The type of fixation is an important element of the sur-
gical technique2,6-8,21. The percutaneous Kirschner wire inserted
parosteally in a distal-to-proximal direction at the level of the
proximal phalanx and the first metatarsal and then coming to
lie in an intramedullary position at the level of the diaphysis
appears to be suitable for the stabilization of the osteotomy
site. It should remain in place for four weeks.

Consolidation of the osteotomy site was confirmed ra-
diographically in all patients within six months. Good angu-
lar correction, comparable with that reported following use
of the more standard open techniques3,5,7,14,15,21,28,31, was ob-
tained despite the slight varus hypercorrection at the time of
the operation.

The reported rate of deep infection has ranged from 0%
to 3.5% in other series in which the percutaneous technique
was used16-18,20. Our low rate of one of 118 was related both to
the advantages afforded by the minimally invasive procedure
and to the thorough standardization of a postoperative moni-
toring protocol that required a clinical examination with
dressing changes and retaping at weekly intervals2,16-20 until
the Kirschner wire was removed. This was of fundamental

importance for reducing pin-track problems.
Hallux varus hypercorrection was not observed in our se-

ries. The fact that, to our knowledge, this complication has
never been reported in association with this technique17,18,20 may
be due to the avoidance of surgery on the soft tissues, including
any type of lateral release of the first metatarsophalangeal joint.
Such releases can be avoided because of the substantial lateral
displacement of the first metatarsal head afforded by the partic-
ular type of Kirschner wire stabilization. The displacement may
be as much as 75% to 90% of the transverse diameter of the os-
teotomy, which brings about a substantial relaxation of the ten-
don of the adductor hallucis. The lack of soft-tissue surgery
does not appear to affect the prevalence of recurrent hallux val-
gus deformity, perhaps because reorientation of the metatarsal
head and reduction of the head on the sesamoids were the con-
sistently achieved primary surgical objectives17.

The lateral displacement of the first metatarsal head
achieved at surgery (mean, 52.6%) was not maintained by the
time of full consolidation of the osteotomy site (mean,
32.8%). The action of the long extensor and long flexor ten-
dons on the hallux during the plasticity phase of the healing
callus probably offset the slight hypercorrection obtained at
the time of surgical stabilization.

Stiffness of the first metatarsophalangeal joint is one of
the most feared outcomes of hallux valgus surgery and one
that affects the overall clinical result. Percutaneous distal os-
teotomy of the first metatarsal is an extra-articular operation
and therefore should have a limited effect on the postopera-
tive range of motion of the hallux. Reduction of the range of
motion is therefore most likely due to pre-existing degenera-
tive arthritis or a failure to implement the brief rehabilita-
tion program following removal of the Kirschner wire and
the bandage. The Kirschner wire stabilizes the first metatar-
sophalangeal joint for four weeks, which creates the risk of
postoperative stiffness. In the present study, stiffness was by
no means rare, with a rate of 6.8% (eight of 118). However,
one case resulted from a postoperative infection, and we be-
lieve that the other cases were at least partly attributable to
poor mobilization after removal of the Kirschner wire. While
most of our patients had the same degree of joint motion at
the time of follow-up as they had preoperatively, all patients
should be informed that hallux valgus surgery may result in
some loss of mobility of the first metatarsophalangeal joint7.

The exposed corner of bone along the medial aspect of

TABLE IV Overall AOFAS Scores at the Time of Follow-up 

Mean Score and 
Standard Deviation 

(points)

Pain (0-40 points) 36.3 ± 6.2

Functional capability (0-45 points) 38.1 ± 5.1

Activity limitation 9.5 ± 1.7

Footwear 8.5 ± 2.4

Metatarsophalangeal joint motion 5.8 ± 2.7

Interphalangeal joint motion 4.9 ± 0.4

Joint stability 4.9 ± 0.6

Callus 4.6 ± 1.4

Alignment (0-15 points) 13.8 ± 3.9

Total (0-100 points) 88.2 ± 12.9

TABLE V Radiographic Measurements

Preop.* Postop.* Correction* P Value

Intermetatarsal angle (deg) 12.3 ± 3 (10-20) 7.3 ± 2.7 (4-16) 5.1 ± 3 <0.05

Hallux valgus angle (deg) 31.5 ± 10.2 (18-42) 13.7 ± 6.7 (7-25) 17.8 ± 9.7 <0.05

Distal metatarsal articular angle (deg) 14.2 ± 6.4 (3-22) 6.7 ± 4.6 (0-15) <0.05

Sesamoid position 2.0 ± 0.8 (1-3) 0.4 ± 0.6 (0-2) <0.05

*The values are given as the mean and standard deviation with the range in parentheses.
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the first metatarsal shaft usually remodels over time, but it can
remain clinically evident for as long as four to six months.
This exposed corner has been reported to cause symptoms, re-
quiring percutaneous revision, in 1% to 2% of patients15,16, but
this problem was not observed in our series. Creating a
slightly oblique osteotomy plane could have contributed to
our achievement of a less prominent bone shelf.

The results of this study demonstrate that subcapital
distal osteotomy of the first metatarsal with a percutaneous
technique and Kirschner wire stabilization under fluoro-
scopic control, and without soft-tissue surgery, is an effective,
reliable method of treating mild-to-moderate hallux valgus
deformity. The results appear to be comparable with those re-
ported following traditional open techniques1,3,4,6,7,14,15,21,28-32, and
the technique has all of the advantages of a minimally invasive
procedure. These advantages include the simplicity of the pro-
cedure, the very short operative time, a reduced risk of com-
plications, and the ability to perform the operation with

ankle-block anesthesia and without a tourniquet. �
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Knee Injury in Patients 
Experiencing a High-Energy 

Traumatic Ipsilateral 
Hip Dislocation

BY GARY L. SCHMIDT, MD, ROBERT SCIULLI, MD, AND GREGORY T. ALTMAN, MD

Investigation performed at the Departments of Radiology and Orthopaedic Surgery, Allegheny General Hospital, Pittsburgh, Pennsylvania

Background: Traumatic hip dislocation results from the dissipation of a large amount of energy about the hip joint.
Clinically, these forces often are first transmitted through the knee en route to the hip. It is therefore logical to look
for coexistent ipsilateral knee injury in patients with a traumatic hip dislocation.

Methods: Over a one-year period, we prospectively evaluated the ipsilateral knee of all patients who had a traumatic
hip dislocation on the basis of a standardized history, physical examination, and magnetic resonance imaging.

Results: Twenty-one (75%) of the twenty-eight knees were painful. Twenty-five (89%) of the twenty-eight knees had vis-
ible evidence of soft-tissue injury on inspection. Magnetic resonance imaging revealed evidence of some abnormality
in twenty-five (93%) of twenty-seven knees, with effusion (37%), bone bruise (33%), and meniscal tear (30%) being
the most common findings.

Conclusions: The present study provides evidence of a high rate of associated ipsilateral knee injuries in patients
with a traumatic hip dislocation. Bone bruises may provide a plausible explanation for persistent knee pain following
a traumatic hip dislocation. The liberal use of magnetic resonance imaging is recommended for the evaluation of
these patients in order to detect injuries that may not be discoverable on the basis of a history and physical examina-
tion alone.

Level of Evidence: Therapeutic Level IV. See Instructions to Authors for a complete description of levels of evidence.

raumatic hip dislocation results from the dissipation of
large physical forces about the hip joint. In many in-
stances, this energy is first transmitted through the knee

en route to the hip. However, little has been reported about
associated knee injuries in patients with a traumatic hip dis-
location1,2. Both Gillespie1 and Tabuenca and Truan2 reported a
high rate of knee injury among patients who also had a hip dis-
location. Those authors recommended the performance of a
thorough physical examination in order to identify knee abnor-
malities early and hence to optimize functional outcome.

Physical examination of the ipsilateral knee in patients
who have recently experienced a hip dislocation is often diffi-
cult. Limited range of motion of the hip, referred pain to the
knee from the hip, generalized discomfort, muscular spasms
with resultant guarding, and the use of braces such as an ab-
duction pillow all serve to impede a complete and thorough
examination of the ligaments of the ipsilateral knee. Magnetic
resonance imaging has been shown to be both sensitive and
specific for demonstrating intra-articular abnormalities about

the knee3-5. To better define the extent and severity of knee in-
jury, we prospectively evaluated the ipsilateral knee in all pa-
tients with a traumatic hip dislocation on the basis of a history,
physical examination, and magnetic resonance imaging.

Materials and Methods
he present study involved a prospective evaluation of all
patients who were eighteen years of age or older and who

presented to a level-I trauma center in a major metropolitan
area with a traumatic hip dislocation over a one-year period.
Exclusion criteria included any previous hip surgery, a previ-
ous hip dislocation, an age of less than eighteen years, or an
inability to undergo magnetic resonance imaging (e.g., be-
cause of retained metal fragments, a pacemaker, or preg-
nancy). The study was approved by the institutional review
board. Informed consent was obtained from all participating
patients. All participants underwent a standardized history
and physical examination of the ipsilateral knee, which included
a complete ligamentous, meniscal, patellar, and soft-tissue eval-

T
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uation. The physical examination was performed preopera-
tively for every patient by one experienced attending surgeon
(G.T.A.) who was fellowship-trained in both sports medicine
and orthopaedic trauma. Often, this examination was difficult
and/or limited because of patient discomfort and an inability
to cooperate because of the hip injury. All patients who sub-
sequently were taken to the operating room for acetabular
surgery also underwent a complete knee examination under
anesthesia at the conclusion of surgery. A detailed list of all
components of the physical examination is included in the
Appendix. In addition, all patients underwent magnetic reso-
nance imaging of the same knee at the earliest convenient time
during the period of hospitalization. Twenty-eight patients
met the criteria for inclusion in the study, and twenty-seven
patients (twenty-eight hips) elected to enroll. The prevalence
of knee abnormalities associated with ipsilateral hip disloca-
tion was thus determined on the basis of the history, physical
examination, and magnetic resonance imaging findings. One
patient who was included in the study had had a previous ipsi-
lateral total knee arthroplasty. The magnetic resonance imag-
ing findings for this patient are not included because metallic
artifact precluded meaningful interpretation of the study.

All magnetic resonance imaging studies were performed
with use of a 1.5-T Siemens Symphony magnet (Siemens, Iselin,
New Jersey) and a dedicated extremity coil. Magnetic reso-
nance imaging studies were interpreted by two musculoskeletal
radiologists (including one of the authors [R.S.]) who were

blinded with regard to the clinical history and physical findings.
Meniscal tears were classified according to the system described
by Crues and Stoller6 in an attempt to differentiate between
acute and chronic tears. Bone bruises were categorized accord-
ing to the system described by Vellet et al.7.

At the conclusion of the study, we undertook an ad hoc
follow-up evaluation of all patients who had evidence of cru-
ciate ligament injury on the magnetic resonance imaging scan.

Results
Patient Characteristics

atient characteristics are presented in Table I. Twenty-one
(75%) of the twenty-eight ipsilateral knees were painful.

Physical Examination
Eleven (39%) of the twenty-eight knees were unable to un-
dergo a complete physical examination. Physical examination
revealed that only two (7%) of the twenty-eight knees had evi-
dence of an injury involving a major knee ligament (either
cruciate or collateral ligament). Despite this finding, ten knees
(36%) had clinical evidence of an effusion. Four knees (14%)
had evidence of potential meniscal injury (either a positive
McMurray test or joint-line tenderness). Twenty-five knees
(89%) had visible evidence of soft-tissue injury (abrasion, ec-
chymosis, contusion, or laceration) on inspection.

Hip Dislocation Characteristics
Twenty-four (86%) of the twenty-eight hip dislocations were
posterior, three were anterior, and one was intrapelvic (pro-
trusio). Twenty-two patients had sustained an acetabular frac-
ture at the time of the hip dislocation (Table II). All of the
acetabular fractures required surgical stabilization in order to
maintain hip stability. Fourteen dislocations occurred on the
left side, and fourteen occurred on the right.

Magnetic Resonance Imaging Evaluation
Magnetic resonance imaging demonstrated evidence of some
abnormality in twenty-five (93%) of twenty-seven knees. Seven
cruciate ligament injuries were detected. Five of these injuries
involved the posterior cruciate ligament; these injuries included

P

TABLE I Data on the Patients

Age* (yr) 38.8 (1-70)

Gender (no. of hips)

Female 10

Male 18 

Mechanism of injury

Motor-vehicle accident 26

Driver

Restrained 8

Unrestrained 11

Passenger

Restrained 1

Unrestrained 6

Tree fell on patient 1

Pedestrian-motor-vehicle accident 1

Duration of hospitalization* (day) 11.7 (3-41)

Acetabular surgery (no. of hips)

Yes 22 (79%)

No 6 (21%)

Discharge status (no. of hips)

Home 13 (46%)

Inpatient rehabilitation 12 (43%)

Skilled nursing facility 3 (11%)

 *The values are given as the mean, with the range in parentheses.

TABLE II Prevalence of Acetabular Fractures Associated 
with Traumatic Hip Dislocation (N = 22)

Acetabular Fracture Type Prevalence* 

Posterior wall 6 (27%)

Posterior column-posterior wall 4 (18%)

Transverse-posterior wall 9 (41%)

Both column 1 (5%)

Anterior column-posterior hemitransverse 1 (5%)

T-type 1 (5%)

*The data are given as the number of hips, with the percentage
in parentheses. 
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detachment of the ligament from its tibial insertion site (two
knees), a midsubstance tear (one), intrasubstance signal changes
(one), and a tibial plateau fracture that extended into the in-
sertion site (one). Six collateral ligament injuries were found.
Magnetic resonance imaging demonstrated an effusion in ten
knees (37%), an extensor mechanism rupture in two (7%),
and a periarticular fracture in four (15%).

Eight meniscal tears were found. According to the sys-
tem of Crues and Stoller6, one tear was classified as grade I and
one was classified as grade II. The remaining tears were classi-
fied as grade III (with signal changes extending to the articular
surface), indicating evidence of acute pathology. Hence, six
knees (22%) showed an acute meniscal tear.

Bone bruises or evidence of marrow edema were found in
nine knees (33%). According to the system of Vellet et al.7, all of
these lesions were categorized as reticulated bone bruises, ex-
cept for one that was associated with evidence of impaction.
One bone bruise involved the patella; three, the medial femoral
condyle; three, the anterior aspect of the tibial plateau; and one,
the lateral femoral condyle. There was no evidence of marrow
edema in the femoral trochlea in any patient.

Cruciate Ligament Injury
The six patients who had evidence of cruciate ligament injury
on magnetic resonance imaging were contacted for a follow-up
evaluation. The mean duration of follow-up was eleven months.
Five patients underwent a physical examination of the knee, and
one was contacted only by telephone. Two patients complained
of persistent knee instability, and one patient complained of
knee stiffness. Of the five knees that were examined, three were
stable. Of the remaining two knees, one had 2+ anterior insta-
bility and 2+ posterior instability and the other had a decreased

range of motion (from 20° to 80°). None of these patients had
undergone surgery on the ipsilateral knee or had any intention
of doing so in the near future.

Fig. 1-A

Figs. 1-A and 1-B T1-weighted (Fig. 1-A) and T2-weighted (Fig. 1-B) midsagittal magnetic resonance images showing evidence of an avulsion of the 

tibial insertion of the posterior cruciate ligament in a patient with a concomitant ipsilateral hip dislocation.

Fig. 1-B

Fig. 2

T2-weighted sagittal magnetic resonance image showing evi-

dence of marrow edema in the anterior aspect of the proximal 

part of the midline of the tibia in a patient who had been involved 

in a motor-vehicle accident. This bone bruise likely resulted from 

a direct blow when the flexed knee struck the dashboard.
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Discussion
n the present study, the majority of patients who had sus-
tained a traumatic hip dislocation complained of ipsilat-

eral knee pain but fewer than one-third of the knees had
evidence of intra-articular abnormalities on physical exami-
nation. Given the high (89%) prevalence of visible soft-tissue
injury on inspection, it was apparent that these knees had sus-
tained substantial injury that could be responsible for the intra-
articular abnormalities. These findings are similar to those
described by Tabuenca and Truan2, who, in a study of forty-six
patients with a traumatic hip dislocation, reported that seven
patients had a delayed diagnosis of clinically important knee
injuries (most commonly, partial or complete rupture of the
anterior or posterior cruciate ligament). In a retrospective re-
view of medical records, Gillespie1 reported thirty-five ipsilat-
eral knee injuries among 135 patients with a posterior hip
dislocation. Twenty-five of these injuries were osseous frac-
tures or osteochondral lesions. This is in contrast to the find-
ings in our study, in which periarticular fractures occurred in
14% of the knees whereas ligamentous injuries were more
commonly detected via magnetic resonance imaging.

The vast majority of the injuries in the present study
were the result of a motor-vehicle accident. The posterior cru-
ciate ligament injuries provided evidence of a posteriorly di-
rected force on the knee (as would be expected in association
with a dashboard injury) (Figs. 1-A and 1-B). Other authors8

have reported a substantial prevalence of knee injuries on
magnetic resonance imaging after ipsilateral femoral fracture;
it is likely that these knee injuries occurred through a mecha-
nism similar to that described in the present study. 

Examination with the patient under anesthesia com-
prises an important part of the diagnostic workup of any
trauma patient who is unable to cooperate fully with an exam-
ination performed while he or she is awake. This is especially
true in the case of a patient who has sustained an ipsilateral
hip dislocation. Unfortunately, examination with the patient
under anesthesia will not detect bone bruises and may miss
some other injuries such as a meniscal tear, a partial ligament
disruption, or an extensor mechanism injury. In the present
series, we detected two extensor mechanism injuries on the
basis of magnetic resonance imaging. Both were partial tears
that did not require operative repair. Some of the injuries that
can be detected with magnetic resonance imaging (including
cruciate ligament tears and meniscal tears) are not expected to
heal with nonoperative treatment alone and may require more
aggressive therapeutic intervention.

The majority of the meniscal findings in the present series
were grade-III injuries. This finding is consistent with acute
traumatic injury rather than chronic pathology. Again, it ap-
pears that the ipsilateral knee incurred damage during the ini-
tial traumatic episode that also resulted in the hip dislocation.

The finding of bone bruises in 33% of the knees is inter-
esting for several reasons (Fig. 2). These results are similar to
those reported by Bealle and Johnson9, who reported that
magnetic resonance imaging demonstrated bone bruises in
eight of twenty-one knees among patients who had an ipsilat-

eral acetabular fracture and/or hip dislocation. In addition,
our findings provide direct evidence of substantial forces be-
ing applied directly to the ipsilateral knee. Rangger et al.10

showed that the marrow edema pattern of a bone bruise is his-
tologically consistent with the findings of subchondral micro-
fracture. The natural history of such bone bruises has been
discussed in the literature by various authors11,12. While these
bruises appear to resolve with time, they can conceptually
provide a practical reason for persistent knee pain following
hip dislocation. The pattern of primarily reticulated lesions
would seem to indicate that patients with these bruises are not
at an increased risk of degenerative disease according to the
system of Vellet et al.7. The anatomic location of the bone
bruises may lend some credence to an injury mechanism of a
flexed knee striking a dashboard. The patella, the anterior part
of the tibia, and the medial femoral condyle were the most
commonly involved sites. So-called “kissing” lesions, as may
occur in association with a varus or valgus-type impaction in-
jury, were not seen.

One may question the clinical importance of certain
magnetic resonance imaging findings. Lonner and colleagues13

showed that clinical examination with the patient under an-
esthesia is more accurate than magnetic resonance imaging is
for the detection of intra-articular pathology following a
knee dislocation. The importance of intrasubstance signal
abnormalities is unknown. Clinical instability as defined by
examination with the patient under anesthesia always takes
precedence in determining treatment. However, these sub-
clinical findings may result in long-term functional effects or
the development of osteoarthritis. Kullmer et al.14 showed a
correlation between osteoarthritic changes and anterior cru-
ciate ligament injury that was irrespective of the grade of cru-
ciate ligament instability. The association between anterior
cruciate ligament injury and osteoarthritis has been reported
in the literature15,16, and Maletius and Messner15 reported that
forty-seven (84%) of fifty-six patients had radiographic evi-
dence of osteoarthritis after twenty years of follow-up. Von
Porat et al.16 also reported a high prevalence of osteoarthritis
in male soccer players fourteen years after anterior cruciate
ligament disruption. Mavrodontidis et al.17 reported the de-
velopment of arthritis after failed posterior cruciate ligament
reconstruction.

Study Limitations
The primary limitation of the present study was that these pa-
tients did not have long-term follow-up, which would have al-
lowed us to obtain data on the functional outcomes for the
affected knees. It would have been educational to learn the
natural history of the injuries that we detected and to deter-
mine how many patients underwent knee surgery. If all of the
patients could have undergone arthroscopy for definitive diag-
nosis, we would have had a gold standard with which we could
have calculated the sensitivity and specificity of both physical
examination and magnetic resonance imaging for the detec-
tion of knee injury in these patients. Longer-term follow-up
also would have allowed us to determine if the magnetic reso-

I
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nance imaging findings led to subsequent changes in patient
management. In addition, long-term studies are needed in or-
der to determine whether injury to the cruciate or collateral
ligament does in fact lead to the development of osteoarthri-
tis. We did attempt to obtain limited follow-up data on the
cruciate ligament injuries that were detected with magnetic
resonance imaging, and we did identify abnormalities in two
of six knees.

Given the difficulty of obtaining a complete physical ex-
amination of a patient who has had a hip dislocation, we rec-
ommend the liberal use of magnetic resonance imaging for the
detection of associated knee abnormalities. The importance of
the magnetic resonance imaging findings is not always clear, but
these findings can add valuable information to the entire clini-
cal picture. Because these patients are unable to walk for three
months, knee instability or other pathological changes may oth-
erwise not become apparent for six to twelve months after the
injury, when the patients do become more active.

In summary, the present prospective evaluation of a
consecutive series of patients with a hip dislocation showed a
high prevalence of associated knee injuries. A thorough evalu-
ation of the ipsilateral knee on the basis of a history and physi-
cal examination must be performed in all cases. Furthermore,
on the basis of the results of the present study, we recommend
the liberal use of magnetic resonance imaging for the evalua-
tion of these patients. By defining injuries early, appropriate
treatments can be more rapidly initiated, thus hopefully lead-
ing to improved functional outcomes.

Appendix
Tables presenting the physical examination components
and the magnetic resonance imaging findings on all pa-

tients are available with the electronic versions of this article,
on our web site at jbjs.org (go to the article citation and click
on “Supplementary Material”) and on our quarterly CD-
ROM (call our subscription department, at 781-449-9780, to
order the CD-ROM). �
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Use of rhBMP-2 in Combination 
with Structural Cortical 
Allografts: Clinical and 

Radiographic Outcomes in 
Anterior Lumbar Spinal Surgery

BY J. KENNETH BURKUS, MD, HARVINDER S. SANDHU, MD, MATTHEW F. GORNET, MD, AND MICHAEL C. LONGLEY, MD

Investigation performed at the Hughston Clinic, Columbus, Georgia, the Orthopedic Center of St. Louis, St. Louis, Missouri, 
and the Nebraska Spine Center, Omaha, Nebraska

Background: Recombinant human bone morphogenetic protein-2 soaked into an absorbable collagen sponge (rhBMP-2/
ACS) has been shown in a nonhuman primate study and in a pilot study in humans to promote new bone formation and
incorporation of an allograft device when implanted in patients undergoing anterior lumbar interbody arthrodesis. How-
ever, a larger series with longer follow-up is needed to demonstrate its superiority to autogenous iliac crest bone graft.

Methods: Between 1998 and 2001, a two-part, prospective, randomized, multicenter study of 131 patients was con-
ducted to determine the safety and efficacy of the use of rhBMP-2/ACS as a replacement for autogenous iliac crest
bone graft in anterior lumbar spinal arthrodesis with threaded cortical allograft dowels. Patients were randomly as-
signed to a study group that received rhBMP-2/ACS or to a control group that received autograft. The clinical and ra-
diographic outcomes were determined with use of well-established instruments and radiographic assessments.

Results: The patients in the study group had significantly better outcomes than the control group with regard to the
average length of surgery (p < 0.001), blood loss (p < 0.001), and hospital stay (p = 0.020). Fusion rates were signif-
icantly better in the study group (p < 0.001). The average Oswestry Disability Index scores, Short-Form-36 physical
component summary scores, and low-back and leg-pain scores were significantly better in the study group (p < 0.05).

Conclusions: In patients undergoing anterior lumbar interbody arthrodesis with threaded allograft cortical bone dow-
els, rhBMP-2/ACS was an effective replacement for autogenous bone graft and eliminated the morbidity associated
with graft harvesting.

Level of Evidence: Therapeutic Level I. See Instructions to Authors for a complete description of levels of evidence.

nterior lumbar interbody arthrodesis is an effective
treatment for patients with symptomatic lumbar spon-
dylosis, low-grade spondylolisthesis, and radiculop-

athy1,2. A variety of interbody constructs have been proposed.
Some studies have shown an association between fusion and
improved clinical outcomes, while others have shown that a
successful fusion alone does not guarantee an improved clin-
ical outcome3-9. Those studies used various outcome assess-
ment instruments and relied on plain radiographic evidence
alone to determine fusion status.

In attempts to improve the rates of fusion, an evolution
in interbody construct design from femoral ring allografts to
threaded cortical bone dowels has occurred10. The use of
stand-alone impacted femoral ring allografts has been associ-

ated with high rates of pseudarthrosis, graft subsidence, and
graft extrusion11,12. With threaded allograft bone dowels, the
concept of the use of precision-machined allograft constructs
was introduced to further enhance the stability of the spinal
motion segment13. In contrast to intradiscal spacers, threaded
interbody fusion devices do not require additional segmental
fixation; threaded dowels are designed for use as stand-alone
implants. They resist expulsion and stabilize the bone-implant
interface. They are designed both to withstand lumbar com-
pressive loads while maximizing device porosity and to pro-
mote load-sharing between the allograft and the host bone14.
There has also been an evolution in bone-grafting techniques,
as well as in construct design3,10,11,15,16.

Recombinant human bone morphogenetic protein-2

A
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(rhBMP-2) is an osteoinductive protein that has the potential
to make autogenous bone-grafting unnecessary17,18. The use of
rhBMP-2 delivered to the surgical site on an absorbable col-
lagen sponge (ACS) carrier has been investigated in preclinical
and clinical studies of anterior lumbar interbody arthrodesis
with metal interbody cages and allograft bone dowels19,20. A
pivotal clinical study has indicated that the use of rhBMP-2/
ACS provides clinical and radiographic outcomes that are
equivalent to those after use of autogenous iliac crest while re-
ducing operating-room time and intraoperative blood loss21.
Recently, an integrated analysis of three sequential prospective
studies has shown that the use of rhBMP-2/ACS is superior to
autograft in fusion success (the ability to meet all criteria for
fusion) and in clinical outcomes22.

We assessed the clinical and radiographic outcomes in
patients who received rhBMP-2/ACS in combination with
threaded cortical allograft dowels and compared them with
the outcomes in patients who received autograft in a stand-
alone anterior lumbar interbody arthrodesis.

Materials and Methods
prospective, randomized, multicenter United States Food
and Drug Administration-approved investigational de-

vice exemption study of patients who were undergoing
treatment for degenerative disc disease was conducted in two
sequential phases. In the pilot phase, forty-six patients were
enrolled at five clinical sites with use of a one-to-one ran-

domization ratio between the study and control groups. In the
pivotal phase, eighty-five patients were enrolled at thirteen
clinical sites with use of a two-to-one randomization ratio
(two rhBMP-2-treated patients to one control patient). Sur-
geons were blinded to the randomization schedule, which was
derived from a statistical program (SAS Institute, Cary, North
Carolina) that produced sequentially numbered envelopes
specific to each enrollment site. The study protocols for both
phases were identical. We analyzed the combined findings for
all patients enrolled in the two phases of the study.

A total of 131 patients were enrolled over a three-year
period (May 1998 to March 2001). The patients were followed
for a minimum of two years after surgery. One control patient
died in a house fire before the twelve-month follow-up exami-
nation. Patients who underwent a revision, supplemental fixa-
tion, or retrieval surgery were classified as having a clinical
failure. Once a patient was classified as having a failure, his or
her clinical data were no longer included in later follow-up pe-
riods. Two patients in the study group and eight patients in
the control group were classified as having had a failure over
the course of the study. Three patients in the study group and
two in the control group were lost to follow-up over the
course of the study. Among the patients who were available for
follow-up, the return rate was 97% for the study group and
93% for the control group at twenty-four months.

All patients underwent single-level stand-alone anterior
lumbar interbody arthrodesis with a pair of threaded cortical

A

TABLE I Patient Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

Age of ≥18 years Spinal conditions other than degenerative disc disease

Single-level symptomatic degenerative disc disease

Spondylolisthesis grade of ≤1

Disabling back pain with or without leg pain for >6 months 
that is unresolved after nonoperative treatment

Degenerative disc disease at disc space levels other than 
L4-L5 or L5-S1

Previous anterior arthrodesis at the involved level

Obesity (>40% above ideal weight)

Active bacterial infection

Medical condition requiring medication that could interfere 
with fusion (e.g., steroids or nonsteroidal anti-inflammatory 
medication)

TABLE II Patient Demographic Data 

Study Group 
(rhBMP-2/ACS) 

Control Group 
(Autograft) 

No. of patients 79 52

Average age (yr) 40.2 43.6

Average weight (kg) 78.2 78.6

Sex (M/F) 32/47 19/33

No. (%) of patients receiving Workers’ Compensation 23 (29) 17 (33)

No. (%) of patients with pending litigation 7 (9) 6 (12)

No. (%) of patients who used tobacco 26 (33) 17 (33)

No. (%) of patients who had previous lumbar spine surgeries 29 (37) 17 (33)
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bone dowels (MD-I; Regeneration Technologies, Alachua,
Florida). Dowels are retrieved primarily from the femora of
human cadavera. The center hole is the former medullary ca-
nal. The dowels were 16, 18, or 20-mm in diameter and ranged
from 20 to 26 mm in length. The patients in the study group
received rhBMP-2/ACS (INFUSE Bone Graft; Medtronic Sofa-
mor Danek, Memphis, Tennessee) as an alternative to iliac crest
bone graft. In the control group, autogenous iliac crest bone
graft was harvested and used in conjunction with the allograft
implants.

Inclusion Criteria
Patients were included in the study if they had radiographic
documentation of single-level disc disease and their symptoms
were related to the neuroradiographic findings. All patients en-
rolled were considered good candidates for a single-level stand-
alone anterior lumbar interbody arthrodesis (Table I).

Patient Demographics
Demographic data were compiled for all patients in the study
(Table II). With the numbers available, no differences were
found between the demographic profiles of the two patient
populations.

Surgical Procedure
The patients underwent an open anterior lumbar interbody
arthrodesis with use of a transperitoneal or a retroperitoneal
approach to the lumbosacral spine23,24.

The rhBMP-2 was reconstituted with use of sterile wa-

ter, and a single-dose solution at a concentration of 1.5 mg/
mL was achieved. The solution was applied evenly by syringe
to appropriately sized absorbable collagen sponges, and the
rhBMP-2 was allowed to bind to the sponges for a minimum
of fifteen minutes before further handling or preparation took
place. A single collagen sponge was placed into the central
portion of each bone dowel. One additional rhBMP-2-bound
sponge (25 × 102 mm) was placed between the bone dowels.
The total dose of rhBMP-2 (8.4 to 12 mg) depended on the
capacity of the bone dowel (16, 18, or 20 mm) that was used
(Table III).

The control group received morselized autogenous il-
iac crest bone graft in conjunction with the threaded cortical
bone dowels. Although not measured, the bone chips were of
various sizes that could be easily packed into the central hole
of the allograft dowel. Through a separate incision directly
over the iliac wing, the inner or outer table of the ilium was
exposed subperiosteally and corticocancellous grafts were
harvested. A single iliac cortex was preserved in all graft-
harvesting procedures; no bicortical iliac grafts were ob-
tained. The central opening of each dowel was packed with
morselized autogenous bone graft before its insertion into
the disc space. Additional autogenous grafts were packed be-
tween and anterior to the dowels.

Radiographic Outcome Measurements
Stability and radiolucent lines were assessed on plain radio-
graphs with use of anteroposterior, lateral, and flexion-extension
views. In addition, thin-slice (1-mm overlapping) computed

TABLE III Allograft Implant Sizes, Volume, and rhBMP-2 Dose*

Dowel 
Diameter (mm)

Size of rhBMP-2/ACS 
per Dowel (mm)

Size of rhBMP-2/ACS 
Between Dowels (mm)

Total Volume of 
rhBMP-2/ACS (mL)

Total Dose of 
rhBMP-2 (mg)

16 25 × 51 25 × 102 5.6 8.4

18 25 × 76 25 × 102 6.6 10.0

20 25 × 102 25 × 102 8.0 12.0

*Three sponges were placed within each disc space. One sponge was placed within each bone dowel. The remaining sponge was placed
within the disc space between the bone dowels. The absorbable collagen sponge is hydrophillic. The sponges expand and adhere to the dow-
els and the adjacent host bone.

TABLE IV Intraoperative Data

Surgical Data
Study Group 

(rhBMP-2/ACS) 
Control Group
 (Autograft) P Value

Average duration of operation* (hr) 1.4 1.8 <0.001

Average intraoperative blood loss† (mL) 87.4 184.7 <0.001

Surgical level (no. of patients) 0.785

L4-L5 23 (29%) 14 (27%)

L5-S1 56 (71%) 38 (73%)

Average hospital stay (days) 2.9 3.3 0.020

 *Skin incision to skin closure. †Blood loss was measured from suction device.
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tomography scans with coronal and sagittal plane reconstruc-
tions were used to assess bridging bone and allograft incor-
poration. The radiographs and computed tomography scans
were reviewed by two independent radiologists in a blinded
fashion to critically assess fusion at six, twelve, and twenty-
four months. A third independent radiologist was used to ad-
judicate conflicting findings.

As in previous studies on interbody spinal arthrodesis
with rhBMP-2/ACS19-21,24,25, an arthrodesis was considered suc-
cessful only if it achieved all four fusion criteria: (1) the pres-
ence of bridging trabecular bone connecting vertebral bodies
through or around dowels, (2) angular motion of 5°, (3) sagit-
tal translation of 3 mm, and (4) no radiolucent area involving
>50% of the interface between dowels and end plates.

Clinical Outcome Measurements
Assessments were completed preoperatively, during hospital-
ization, and postoperatively at six weeks and at three, six,
twelve, and twenty-four months. Clinical outcomes were mea-
sured with use of well-established instruments described in
previous arthrodesis studies21,24,26,27.

Monitoring for Antibody to rhBMP-2 and Collagen
Blood samples from the patients were tested separately for an
antibody response to exposure of rhBMP-2 and bovine col-
lagen at the preoperative evaluation and at three months post-
operatively.

Statistical Analysis
The data from this clinical trial were analyzed with use of the
SAS statistical software package (version 6.12; SAS Institute).
For continuous variables, p values were determined with use

of analysis of variance techniques, and, for categorical variables,
they were derived from the Fisher exact test or chi-square test.

Results
Surgery

he study group had better outcomes than the control
group with respect to the mean operative time, blood

loss, and hospital stay (Table IV).

Clinical Follow-up
Oswestry Low Back Pain Disability Index Questionnaire

Both groups had sustained improvement in the mean Oswes-
try Disability Index scores26 after surgery at all time-points
throughout the follow-up period (Table V). The study group
had significantly better mean Oswestry scores at all time-
points than did the control group. Because there was a slight,
but insignificant, difference in the preoperative values between
the two groups, the average improvement in the Oswestry
score was calculated at each time-interval. At all of the inter-
vals studied, the study group had a greater mean improvement
in the Oswestry score than did the control group. These differ-
ences reached significance at the three and six-month follow-
up intervals (p = 0.021 and p = 0.031, respectively).

Physical Component Summary of the Short Form-36

The physical component summary score was calculated from
the Short Form-36 (SF-36) Health Survey, by which a patient
evaluated his or her own condition. At six months, the study
group had an average improvement of 14.2 points compared
with the preoperative status (p = 0.001) (Table VI). The
scores in the study group were significantly better than those
measured in the control group (p = 0.001), which had a mean

T

TABLE V Oswestry Low Back Pain Disability Index Scores

Period
Study Group 

(rhBMP-2/ACS) 
Control Group 

(Autograft) P Value

Preoperative 53.7 56.6 0.144

6 weeks

Mean score 39.4 47.6 0.008

Mean improvement –14.2 –9.0 0.060

3 months

Mean score 28.4 38.5 0.001

Mean improvement –25.3 –18.5 0.021

6 months

Mean score 21.5 30.8 0.003

Mean improvement –32.4 –25.8 0.031

12 months

Mean score 20.9 29.3 0.018

Mean improvement –33.0 –27.0 0.074

24 months

Mean score 20.4 28.9 0.037

Mean improvement –33.4 –27.0 0.119
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improvement of 9.5 points (p = 0.017). The scores in both
groups continued to improve at twelve and twenty-four
months.

Back and Leg Pain

Both groups had significant reductions in the mean scores for
back and leg pain at all time-points compared with the preop-
erative condition (p ≤ 0.001). Although a reduction in back
pain was observed as early as six weeks, the mean score for
back pain was significantly lower for the study patients than
for the control patients, beginning at three months after surgery
and continuing throughout the twenty-four-month follow-up
(Table VII). The difference in mean back pain scores between
the study and the control group was significant at three months
(p = 0.003). Although both treatment groups maintained this
reduction in back pain scores throughout the study, the mean
back pain scores in the study group remained significantly
lower than those in the control group.

Both groups also had a sustained reduction in mean
scores for leg pain; however, the study group had a signifi-
cantly lower score at most of the follow-up time-points (Table
VIII). Although both groups maintained a reduction in leg
pain, the control patients reported a slight increase at later
follow-up intervals. The mean scores for leg pain were signifi-
cantly different between the groups at six (p = 0.043), twelve
(p = 0.011), and twenty-four months (p = 0.011).

Return to Work
Before surgery, more patients in the study group were working
(60%) than were working in the control group (48%). By
twenty-four months, more patients from both groups were
working than had been working before surgery. However, the
working status in the study group improved as early as twelve

months. Using survivorship analysis, we determined that the
study patients returned to work at an average of eighty-nine
days compared with ninety-six days for the control patients.
With the numbers available, this difference was not found to
be significant.

Pain at the Donor Site of the Bone Graft 
Pain at the donor site of the bone graft was not measured in the
patients in the study group. Although the mean score for
pain at the donor site in our control patients was similar to
that described in previous reports21,22,26,28 on anterior lumbar in-
terbody arthrodesis, the pain was observed to persist at a slightly
higher rate of 46.5% for twenty-four months after surgery.

Additional Surgery
Patients who underwent a revision, removal, or supplemental
fixation were classified as having had a failure. Two patients
(3%) in the study group had an additional surgical procedure
for supplemental fixation. Eight patients (15%) in the control
group had an additional surgical procedure for supplemental
fixation after the primary surgery.

Antibody Formation
Seventy-eight patients in the study group and forty-nine pa-
tients in the control group were tested for an elevated anti-
body response to rhBMP-2 and bovine collagen. Among those
tested, no patient from either group had an elevated antibody
response to rhBMP-2. However, seven patients (9%) in the
study group and four patients (8%) in the control group had
an elevated antibody response to bovine collagen. Although
the origin of the responsiveness to the bovine collagen is un-
known, it could possibly be attributable to a previous expo-
sure through either clinical or environmental means.

TABLE VII Summary of Average Scores for Back Pain 

Period
Study Group 

(rhBMP2/ACS) 
Control Group 

(Autograft) P Value

Preoperative 15.6 16.8 0.039

6 weeks 8.1 9.6 0.090

3 months 7.5 10.2 0.003

6 months 6.4 9.1 0.006

12 months 6.4 9.5 0.007

24 months 7.0 9.7 0.032

TABLE VI Physical Component Summary Score Derived from Short-Form-36 Health Survey 

Period
Study Group 
(rhBMP-2) 

Control Group
 (Autograft) P Value

Preoperative 29.2 27.6 0.184

6 months 43.4 37.0 0.001

12 months 45.3 38.9 0.003

24 months 44.9 39.2 0.015
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Fusion Assessment Outcomes
At all follow-up intervals, the study group exhibited a greater
rate of fusion success than did the control group (Table IX).
At the final two-year radiographic follow-up examination,
99% of the patients in the study group had evidence of fu-
sion compared with 76% of the patients in the control group
(p < 0.001).

All operations that were classified as fusion failures were
in patients who had either a lack of radiographic evidence of
fusion or who needed a secondary operation. In the control
group, no patient had a fracture or migration or extrusion of
the allograft implant. Fourteen (18%) of the seventy-nine pa-
tients in the study group had transient localized areas of bone
remodeling in the vertebral body adjacent to an allograft
dowel. These radiolucent areas were seen extending into the
vertebral body at between three and twelve months after sur-
gery. All had resolved by twenty-four months after surgery.

Discussion
efore the pilot25 and pivotal phases of this clinical study
were conducted, a nonhuman primate (rhesus monkey)

study was performed with use of allograft bone dowels in the
lumbar spine29. In three rhesus monkeys, a single smooth al-
lograft bone dowel with rhBMP-2 on an absorbable collagen
sponge was implanted anteriorly into the L7-S1 disc space.
At three months after surgery, all three study animals showed
new bone formation with complete incorporation of the al-
lograft dowels, leaving trabecular bone continuous with the
host bone of both adjacent vertebrae. The control animals
treated with autogenous grafts demonstrated delays in
healing of the allograft implants and in new trabecular bone
formation. In contrast to the rhBMP-2-soaked sponge, the
transplanted autogenous graft may need to be resorbed or
remodeled before fusing30. This feature may partially explain
why, in these animal studies, investigators found superior

healing patterns with rhBMP-2/ACS compared with autoge-
nous iliac crest bone graft.

We combined data from two clinical trials with use of
threaded cortical bone dowels and rhBMP-2—first in a pilot
study25 and later in a pivotal study—and the findings are re-
ported in the current study. The use of rhBMP-2/ACS has
been shown to induce new bone formation in single-level an-
terior interbody arthrodeses in humans19-21. It was also shown
to have clinical outcomes and radiographic fusion rates supe-
rior to those with iliac crest bone graft when used with a
threaded, tapered titanium cage in three sequential prospec-
tive studies with a total enrollment of 679 patients22.

In our study of 131 patients who had a stand-alone an-
terior lumbar interbody arthrodesis with threaded cortical
bone dowels, the patients who were treated with rhBMP-2/
ACS also had superior clinical and radiographic outcomes
compared with patients who had received iliac crest bone
graft. Many of the differences observed between the two
groups in this study reached significance with a patient popu-
lation much smaller in number than that in the titanium cage
studies (131 compared with 679)19-22.

Both the control and study groups in our investigation
had improvement in function and in the pain score compared
with the preoperative status. Clinical improvement was docu-
mented as early as six weeks postoperatively in this study.
However, the improved fusion rates may have contributed to
the better clinical outcomes noted among the study group,
particularly at the longer follow-up intervals. At six, twelve,
and twenty-four months, the rhBMP-2/ACS-treated patients
had significantly better improvement than the control patients
with respect to the back and leg pain scores, the physical com-
ponent summary scores of the SF-36, and the Oswestry Dis-
ability Index scores.

On the basis of our radiographic assessment, the study
group was found to have significantly higher rates of fusion

B

TABLE VIII Average Scores for Leg Pain 

Period
Study Group 

(rhBMP-2/ACS) 
Control Group 

(Autograft) P Value

Preoperative 12.6 14.2 0.094

6 weeks 6.2 8.6 0.020

3 months 6.4 8.3 0.065

6 months 4.9 6.9 0.043

12 months 5.1 8.0 0.011

24 months 5.8 9.3 0.011

TABLE IX Fusion Success Rates

Period
Study Group 
(rhBMP-2) 

Control Group 
(Autograft) P Value

6 months 95.9 85.1 0.047

12 months 98.6 89.4 0.036

24 months 98.5 76.1 <0.001
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(all four fusion criteria were met) at all time-points than did
the control group. The greatest difference was seen at twenty-
four months when the rates were 99% and 76%, respectively
(p < 0.001). This difference is due, in large part, to a difference
in the need for additional surgery to achieve a desired out-
come. Only two study patients (3%) had additional spinal sur-
gery compared with eight control patients (15%).

When rhBMP-2/ACS was used as an autograft replace-
ment, the incorporation of the allograft bone dowel with the
host bone was increased in some of the serial computed to-
mography scans compared with that seen in the scans of the
control patients. This observation suggests that there is an in-
teraction between the allograft bone and rhBMP-2 that was
not previously observed when rhBMP-2 was used with tita-
nium interbody cages. The incorporation varied from patient
to patient, ranging from complete to very localized incorpora-
tion where there was direct contact with the end plates. Fur-
ther analysis of the scans is needed to better understand the
range in response and the potential factors influencing the
amount and rate of allograft incorporation. Similarly, it is not
known whether this incorporation will be seen in different fu-
sion sites or when constructs with different configurations
(for example, a femoral ring allograft) are used in combina-
tion with rhBMP-2/ACS.

Our data demonstrate that rhBMP-2/ACS can success-
fully replace harvested iliac crest bone without the associated
donor site pain that has been reported by others28,31, and it can
be used to help incorporate allograft bone dowels in the lum-
bar spine of humans. Furthermore, these data support the
concept that increased fusion rates are associated with im-
proved functional outcomes and decreases in pain scores. The
better improvement in patient outcome with allograft dowels

may be attributed, in part, to the acceleration of the incorpo-
ration of the allograft dowel, perhaps because the allograft
bone dowels have a modulus of elasticity that closely matches
that of the host bone. The stability gained at the involved level
as a result of fusion was maintained up to twenty-four months
and appears to contribute to the long-term clinical success as-
sociated with the combination of rhBMP-2 and allograft bone
dowels. �

References

1. Lane JD, Moore ES. Transperitoneal approach to the intervertebral disc in the 
lumbar area. Ann Surg. 1948;127:537-51.

2. Harmon PH. Anterior excision and vertebral body fusion operation for interver-
tebral disc syndromes of the lower lumbar spine: three- to five-year results in 244 
cases. Clin Orthop Relat Res. 1963;26:107-27.

3. Blumenthal SL, Baker J, Dossett A, Selby DK. The role of anterior lumbar fu-
sion for internal disc disruption. Spine. 1988;13:566-9.

4. Chow SP, Leong JC, Ma A, Yau AC. Anterior spinal fusion for deranged lumbar 
intervertebral disc. Spine. 1980;5:452-8.

5. Kumar A, Kozak JA, Doherty BJ, Dickson JH. Interspace distraction and graft 
subsidence after anterior lumbar fusion with femoral strut allograft. Spine. 1993;
18:2393-400.

6. Kuslich SD, Ulstrom CL, Griffith SL, Ahern JW, Dowdle JD. The Bagby and Kuslich 
method of lumbar interbody fusion. History, techniques, and 2-year follow-up re-
sults of a United States prospective, multicenter trial. Spine. 1998;23:1267-79.

7. Leong JC, Chun SY, Grange WJ, Fang D. Long-term results of lumbar interverte-
bral disc prolapse. Spine. 1983;8:793-9.

8. Loguidice VA, Johnson RG, Guyer RD, Stith WJ, Ohnmeiss DD, Hochschuler SH, 
Rashbaum RF. Anterior lumbar interbody fusion. Spine. 1988;13:366-9.

9. Newman MH, Grinstead GL. Anterior lumbar interbody fusion for internal disc 
disruption. Spine. 1992;17:831-3.

10. Burkus JK. Stand-alone anterior lumbar interbody fusion constructs: effect of 
interbody design, bone graft and bone morphogenetic protein on clinical and ra-
diographic outcomes. In: Lewandrowski K-U, Yaszemski MJ, White AA, Trantolo 
DJ, Wise DL, editors. Advances in spinal fusion: molecular science, biomechan-
ics, and clinical engineering. New York: Marcel Dekker; 2003. p 69-84.

11. Dennis S, Watkins R, Landaker S, Dillin W, Springer D. Comparison of 
disc space heights after anterior lumbar interbody fusion. Spine. 1989;14:
876-8.

12. Sasso RC, Kitchel SH, Dawson EG. A prospective, randomized controlled clin-
ical trial of anterior lumbar interbody fusion using a titanium cylindrical threaded 
fusion device. Spine. 2004;29:113-22.

13. Burkus JK. Intervertebral fixation: clinical results with anterior cages. Orthop 
Clin North Am. 2002;33:349-57.

14. Boyd LM, Estes BT, Liu M. Biomechanics of lumbar interbody constructs. 
Effect of design and materials. In: Husson JL, LeHuec JC, editors. Chirurgie 
endoscopique et mini-invasive du rachis. Montpelier, France: Sauramps Médical; 
1999. p 181-92.

15. Cloward RB. The treatment of ruptured lumbar intervertebral disc by verte-
bral body fusion. III. Method of use of banked bone. Ann Surg. 1952;136:
987-92.

16. Cloward RB. Lesions of the intervertebral disks and their treatment by inter-
body fusion methods. The painful disk. Clin Orthop Relat Res. 1963;27:51-77.

17. Urist MR. Bone: formation by autoinduction. Science. 1965;150:893-9.

18. Wozney JM. Overview of bone morphogenetic proteins. Spine. 2002;27(16 
Suppl 1):S2-8.

19. Boden SD, Zdeblick TA, Sandhu HS, Heim SE. The use of rhBMP-2 in inter-
body fusion cages. Definitive evidence of osteoinduction in humans: a prelimi-
nary report. Spine. 2000;25:376-81.

20. Kleeman TJ, Ahn UM, Talbot-Kleeman A. Laparoscopic anterior lumbar inter-
body fusion with rhBMP-2: a prospective study of clinical and radiographic out-
comes. Spine. 2001;26:2751-6.

J. Kenneth Burkus, MD
Wilderness Spine Services, The Hughston Clinic, 6262 Veterans Parkway, 
Columbus, GA 31909. E-mail address: jkb66@knology.net

Harvinder S. Sandhu, MD
Weill Medical College, Cornell University, 523 East 72nd Street, New 
York, NY 10021

Matthew F. Gornet, MD
The Orthopedic Center of St. Louis, 10 Barnes West Drive, Suite 200, St. 
Louis, MO 63141

Michael C. Longley, MD
Nebraska Spine Center, 11819 Miracle Hills Drive, #102, Omaha, NE 
68154

In support of their research or preparation of this manuscript, one or 
more of the authors received grants or outside funding from Medtronic 
Sofamor Danek. None of the authors received payments or other benefits 
or a commitment or agreement to provide such benefits from a commer-
cial entity. No commercial entity paid or directed, or agreed to pay or 
direct, any benefits to any research fund, foundation, educational institu-
tion, or other charitable or nonprofit organization with which the 
authors are affiliated or associated.

doi:10.2106/JBJS.D.02532

http://www.ejbjs.org


1212

 TH E JO U R NA L OF BONE & JOINT SURGER Y ·  JBJS .ORG

VO LU M E 87-A ·  NU M B E R 6 ·  JU N E 2005
US E OF R HBMP-2 IN COMBINAT ION 
W IT H ST R U C TU R A L COR T I CAL AL LO G R AF TS

21. Burkus JK, Gornet MF, Dickman CA, Zdeblick TA. Anterior lumbar interbody fu-
sion using rhBMP-2 with tapered interbody cages. J Spinal Disord Tech. 
2002;15:337-49.

22. Burkus JK, Heim SE, Gornet MF, Zdeblick TA. Is INFUSE bone graft superior to 
autograft bone? An integrated analysis of clinical trials using the LT-CAGE lumbar 
tapered fusion device. J Spinal Disord Tech. 2003;16:113-22.

23. Burkus JK. Threaded bone dowels. In: Haid RW, McLaughlin MR, Fessler RG, 
editors. Lumbar interbody fusion techniques: cages, dowels, and grafts. St. 
Louis: Quality Medical Publishing; 2003. p 148-68.

24. Burkus JK, Foley K, Haid R, LeHuec JC. Surgical Interbody Research Group–
radiographic assessment of interbody fusion devices: fusion criteria for anterior 
lumbar interbody surgery. Neurosurg Focus. 2001;10:1-9.

25. Burkus JK, Transfeldt EE, Kitchel SH, Watkins RG, Balderston RA. Clinical and 
radiographic outcomes of anterior lumbar interbody fusion using recombinant hu-
man bone morphogenetic protein-2. Spine. 2002;27:2396-408.

26. Fairbank JC, Pynsent PB. The Oswestry Disability Index. Spine. 
2000;25:2940-52.

27. McHorney CA, Ware JE Jr, Lu JF, Sherbourne CD. The MOS 36-item Short-Form 
Health Survey (SF-36): III. Tests of data quality, scaling assumptions, and reliabil-
ity across diverse patient groups. Med Care. 1994;32:40-66.

28. Sasso RC, LeHuec JC, Shaffrey C; the Spine Interbody Research Group. Iliac 
crest bone graft donor site pain after anterior lumbar interbody fusion: a prospec-
tive patient satisfaction outcome assessment. J Spinal Disord Tech. 
2005;18:S77-81.

29. Hecht BP, Fischgrund JS, Herkowitz HN, Penman L, Toth JM, Shirkhoda A. The 
use of recombinant human bone morphogenetic protein 2 (rhBMP-2) to promote 
spinal fusion in a nonhuman primate anterior interbody fusion model. Spine. 
1999;24:629-36.

30. Goldberg VM, Lance EM. Revascularization and accretion in transplantation. 
Quantitative studies of the role of the allograft barrier. J Bone Joint Surg Am. 
1972;54:807-16.

31. Vaccaro AR, Chiba K, Heller JG, Patel TCh, Thalgott JS, Truumees E, Fisch-
grund JS, Craig MR, Berta SC, Wang JC; North American Spine Society for Con-
temporary Concepts in Spine Care. Bone-grafting alternatives in spinal surgery. 
Spine J. 2002;2:206-15.

http://www.ejbjs.org


COPYRIGHT © 2005 BY THE JOURNAL OF BONE AND JOINT SURGERY, INCORPORATED

1213

Intramedullary Nailing of Distal 
Metaphyseal Tibial Fractures

BY SEAN E. NORK, MD, ALEXANDRA K. SCHWARTZ, MD, JULIE AGEL, MA, 
SARAH K. HOLT, MPH, JASON L. SCHRICK, BS, AND ROBERT A. WINQUIST, MD

Investigation performed at the Harborview and Swedish Medical Centers, Seattle, Washington

Background: The treatment of distal metaphyseal tibial fractures remains controversial. This study was performed to
evaluate the results of intramedullary nailing of distal tibial fractures located within 5 cm of the ankle joint.

Methods: Over a sixteen-month period at two institutions, thirty-six tibial fractures that involved the distal 5 cm of the
tibia were treated with reamed intramedullary nailing with use of either two or three distal interlocking screws. Ten
fractures with articular extension were treated with supplementary screw fixation prior to the intramedullary nailing.
Radiographs were reviewed to determine the immediate and final alignments and fracture-healing. The Short Form-36
(SF-36) and Musculoskeletal Function Assessment (MFA) questionnaires were used to evaluate functional outcome.

Results: Acceptable radiographic alignment, defined as <5° of angulation in any plane, was obtained in thirty-three
patients (92%). No patient had any change in alignment between the immediate postoperative and the final radio-
graphic evaluation. Complications included one deep infection and one iatrogenic fracture at the time of the intramed-
ullary nailing. Six patients could not be followed. The remaining thirty fractures united at an average of 23.5 weeks.
Three patients with associated traumatic bone loss underwent a staged autograft procedure, and they had fracture-
healing at an average of 44.3 weeks. The functional outcome was determined at a minimum of one year for nineteen
patients and at a minimum of two years (average, 4.5 years) for fifteen patients. At one year, there were significant
limitations in several domains despite fracture union and maintenance of alignment, but there was improvement in
the MFA scores with time.

Conclusions: Intramedullary nailing is an effective alternative for the treatment of distal metaphyseal tibial fractures.
Simple articular extension of the fracture is not a contraindication to intramedullary fixation. Functional outcomes im-
prove with time.

Level of Evidence: Therapeutic Level IV. See Instructions to Authors for a complete description of levels of evidence.

he goal of management of a distal metaphyseal tibial
fracture is to provide stable fixation with minimal ad-
ditional soft-tissue injury. Individual case variables, in-

cluding the extent of soft-tissue injury, should influence the
ultimate treatment decision.

Cast treatment of tibial fractures requires prolonged im-
mobilization, which is associated with subsequent decreased
ankle motion1-3. Maintaining reduction in a cast is difficult and
requires frequent office visits, radiographs, and adjustments.
External fixation may lead to diminished ankle motion4. Small
wire fixators allow early ankle joint mobility, but this treatment
method is complicated by pin-track infections, septic arthritis,
malalignment, and delayed unions5,6. Open reduction and inter-
nal fixation provides stability, but it often requires extensive
soft-tissue dissection and further devascularization of the un-

derlying tibia7,8. In addition, the subcutaneous location of plates
may lead to symptomatic hardware requiring removal. Newer
techniques of minimally invasive submuscular and subcutane-
ous plate fixation can address several of these issues, and pre-
dictable healing and a low rate of soft-tissue complications have
been reported9,10.

Although intramedullary nailing is accepted as a method
for stabilizing diaphyseal tibial fractures11-22, its role in the
treatment of distal metaphyseal fractures has not been well de-
fined23-26. Fixation with intramedullary devices is a technique
that is already familiar to most surgeons. It spares the extra-
osseous blood supply, allows load-sharing, and avoids extensive
soft-tissue dissection. Recent changes in intramedullary nail de-
sign have extended the spectrum of fractures amenable to this
type of fixation. Concerns regarding difficulties with reduction,
distal propagation of the fracture, hardware failure, and inade-
quate distal fixation leading to malalignment have slowed the
acceptance of intramedullary nailing as a treatment for distal
metaphyseal fractures.

T

A video supplement to this article is available from the Video Jour-
nal of Orthopaedics. A video clip is available at the JBJS web site,
www.jbjs.org. The Video Journal of Orthopaedics can be contacted
at (805) 962-3410, web site: www.vjortho.com.
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The purpose of this study was to evaluate reamed in-
tramedullary nailing of distal metaphyseal tibial fractures lo-
cated within 5 cm of the ankle joint.

Materials and Methods
uring a sixteen-month period at two institutions, 243
skeletally mature patients with a tibial fracture were

treated with intramedullary nailing. Biplanar injury radio-
graphs were evaluated to determine the fracture location and
involvement of the distal part of the tibia. Inclusion criteria
for this retrospective review were skeletal maturity, a fracture
involving the distal 5 cm of the tibia, and treatment with an
intramedullary nail of a fracture pattern that allowed place-
ment of at least two interlocking screws through the nail. No
blocking screws were used. Of the 243 operatively treated frac-
tures, thirty-six (14.8%) met the inclusion criteria. Ten of
these fractures had a simple articular extension. Injuries that
primarily involved axial loading of the ankle joint with sub-
stantial articular displacement were not considered to be ame-
nable to nailing and were not included in the study. Seven
orthopaedic traumatologists who were experienced with in-
tramedullary fixation treated these patients.

There were twenty-four male and twelve female patients

ranging in age from eighteen to eighty-two years (mean, thirty
years). The various mechanisms of injury included a fall from
a height (thirteen patients), a sports-related injury (seven), a
motor-vehicle accident (six), a motorcycle accident (five), an
automobile-pedestrian accident (three), an explosion (one),
and a crush injury (one). The average Injury Severity Score
(ISS)27 was 12.8 points (range, 9 to 43 points). According to
the AO/OTA28 guidelines, there were eight 43A1, five 43A2,
thirteen 43A3, six 43C1, two 43C2, and two 43C3 fractures.
Fourteen fractures (39%) were open: one was classified29 as
type I; two, as type II; ten, as type IIIA; and one, as type IIIB.
An associated fracture of the fibula was present in thirty-five
patients. Four patients had a concomitant leg compartmental
syndrome, and each was treated with compartment fasciot-
omy. Fourteen patients (39%) had an additional extremity
fracture: six had an ipsilateral lower-extremity fracture; five, a
contralateral lower-extremity fracture; and three, an upper-
extremity fracture. The ipsilateral lower-extremity injuries in-
cluded multiple foot fractures in two patients, a tarsometatar-
sal fracture-dislocation in two, a tibial plateau fracture in one,
and a femoral fracture in one.

The patients with distal articular extension of the tibial
fracture underwent preoperative computed tomography scan-

D

Fig. 1-A

Figs. 1-A and 1-B Radiographs demonstrating a distal metaphyseal tibial fracture with articular extension.

Fig. 1-B
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ning of the ankle to further define the fracture and aid in
treatment planning. The ten 43C fractures (28%) with artic-
ular extension were treated with supplementary percutane-
ous fixation prior to the intramedullary nailing (Figs. 1-A
through 1-G).

The tibial fractures were treated with a reamed in-
tramedullary nailing system that increases distal fixation with
up to three biplanar distal interlocking screws passing through
the distal 3 to 4 cm of the nail. In six patients in whom im-
mediate intramedullary nailing was not feasible, temporary
ankle-spanning external fixation was used to allow resolution

of the soft-tissue swelling, additional radiographic evalua-
tions, secondary irrigation and débridement, or medical stabi-
lization of the patient.

A fibular plate was used as a primary reduction aid to
obtain length, alignment, and rotation of the distal tibial seg-
ment in nineteen patients (53%). Additional techniques for
obtaining and maintaining the distal metaphyseal reduction
during all aspects of the nailing included the use of a femoral
distractor, temporary fixation with a percutaneous clamp,
percutaneous manipulation with Schanz pins, and open re-
duction and temporary fixation with a unicortical tibial plate.
Critical surgical tenets included the central placement of the

Fig. 1-C

Intraoperatively, the fibula was reduced and stabilized first, pro-

ducing a partial indirect reduction of the distal part of the tibia 

and the articular surface.

Fig. 1-D

The articular surface was then reduced and stabilized with multiple 

lag screws strategically inserted from anterior to posterior.
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guide wire and all reamers and maintenance of the reduction
at the time of nail passage.

Biplanar radiographs were made for all patients until
fracture-healing occurred. Fracture union was defined as ra-
diographic evidence of bridging cortical bone on at least three
cortices combined with the patient’s ability to bear full weight
on the extremity. Radiographic measurements were per-
formed by the two senior authors (S.E.N. and A.K.S.), who
came to a consensus regarding the final values. Radiographic
measurements included the distance between the tip of the
nail and the distal tibial articular surface on the lateral view,
the distal extent of the fracture on the anteroposterior and lat-
eral views, and alignment on the anteroposterior and lateral

views. Malalignment was defined as ≥5° of angulation in any
plane. Each patient’s series of radiographs was reviewed to as-
sess differences in length and alignment between the immedi-
ate postoperative and final radiographs.

The patients included in the study followed the same
postoperative protocol. The leg was initially placed in a splint
for forty-eight to seventy-two hours. A removable boot was
then applied, if the patient was thought to be able to comply
with the postoperative protocol. Patients who were thought to
be unable to follow postoperative instructions wore a short leg
cast for the initial six weeks. Patients with an extra-articular
fracture were not allowed to bear weight for six weeks, and
those with articular extension of the fracture were not allowed
to bear weight for twelve weeks. Three patients with bone loss
underwent a staged bone-grafting procedure, and weight-
bearing was delayed for an additional six weeks after that pro-
cedure. All patients who were compliant with postoperative
instructions were encouraged to begin an early active range of
motion of the ankle. 

Outcomes Evaluation
To evaluate the functional outcome and health status of this
group of patients, we administered the Short Form-36 (SF-
36)30,31, a generic health status measure, and the Musculoskele-
tal Function Assessment (MFA)32-34, a functional outcomes
measure. The reliability, validity, and responsiveness of both
measures have been documented. The functional outcome as-
sessments were performed at a minimum of one year and at a
minimum of two years after the injury. Patients were con-
tacted by an independent, trained medical interviewer who
was not involved in their treatment. The questionnaires were
completed either during a telephone interview or during a
scheduled visit to the clinic.

The SF-36 (version 1) was administered to compare our
patient population with the United States population norms.
The SF-36 is divided into eight components: physical func-
tioning, role limitations due to physical health problems,
bodily pain, general health, vitality, social functioning, role
limitations due to emotional problems, and mental health.
Each component is given a score ranging from 0 to 100 points,
with high scores indicating better function.

The MFA allows comparison of the study population
with published population normative values and with patients
with isolated lower-extremity trauma33. The MFA has ten cate-
gories: mobility, hand and fine motor function, housework,
self-care, sleep and rest, leisure and recreation, family relation-
ships, cognition and thinking, emotional adjustment and adap-
tation, and employment. Each category is scored independently,
and an overall score can be calculated. Values range from 0 to
100 points, with low scores indicating better function.

Data Analysis
A paired t test was used to compare the alignments on the
postoperative and final radiographs. A Fisher exact test was
used to evaluate the difference in the fracture pattern and the
immediate postoperative alignment between the patients who

Fig. 1-E

Finally, an intramedullary nail was placed.
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were included in the study and those who were lost to follow-
up. A group t test was used to assess differences in the time to
fracture-healing and all outcome data. A correlation coeffi-
cient was calculated to determine if patient and injury vari-
ables were associated with functional outcomes. A p value of
<0.05 was considered to indicate a significant difference.

Results
he average distance from the distal extent of the tibial
fracture to the plafond was 35 mm (range, 0 to 45 mm).

The average distance between the distal tip of the nail and the
articular surface of the plafond was 6.2 mm (range, 2 to 10
mm). Three distal interlocking screws were used in twenty-
three patients, and two distal interlocking screws were used in
thirteen. The average sagittal plane deformity was 0.9° (range,
0° to 5°). The average coronal plane deformity was 0.3° (range,
0° to 5°). Acceptable alignment was obtained in thirty-three
patients (92%). Two patients had a 5° recurvatum deformity,
and one patient had a 5° valgus deformity. One patient had 5
mm of shortening.

Of the thirty-six patients in our study, five were lost to
follow-up and one died from pulmonary complications on the
third postoperative day. The remaining thirty patients had ra-

diographic evidence of healing at the time of follow-up and no
change in the final alignment in either the coronal or the sagit-
tal plane compared with the alignment on the immediate
postoperative radiographs (p = 0.9). Of the six patients who
were lost to follow-up, two had an intra-articular fracture and
four had an extra-articular fracture. The fracture patterns and
immediate postoperative alignment in these patients were not
significantly different from those in the remaining thirty pa-
tients (p = 0.74).

Additional surgical procedures (bone-grafting or dy-
namization by removal of the static proximal interlocking
screw) to promote union were performed, at the discretion of
the surgeon, in seven patients (19%). Three patients with an
open fracture and associated bone loss underwent a staged il-
iac crest autograft procedure at an average of 6.7 weeks (range,
six to eight weeks) after the injury. No bone-grafting proce-
dures were required to obtain union in any patient with a
closed fracture. Four patients underwent dynamization of the
nail at three months postoperatively, to encourage healing.
This allowed up to 1 cm of shortening, with proximal nail mi-
gration in a proximal slotted hole. All thirty patients had frac-
ture union, at an average of 23.5 weeks (range, thirteen to
fifty-seven weeks) from the date of the intramedullary nailing.

T

Fig. 1-F

Figs. 1-F and 1-G The fracture went on to heal in excellent alignment.

Fig. 1-G
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The average time to fracture-healing was significantly longer
for the three patients with associated bone loss requiring a
staged autografting procedure (average, 44.3 weeks; range,
thirty-three to fifty-seven weeks) than it was for the remaining
twenty-seven patients (average, 21.2 weeks; range, thirteen to
fifty-five weeks) (p = 0.009).

Complications included one deep infection at the site of
an open fibular fracture and one iatrogenic proximal tibial
fracture that occurred during intramedullary nailing. The
infection responded to local débridement and intravenous
administration of antibiotics. The iatrogenic proximal tibial
fracture remained well aligned after passage of the intramed-
ullary nail and went on to heal uneventfully.

Outcome Evaluation
Evaluations with the SF-36 and the MFA were carried out at a
minimum of one year (average, 1.2 years; range, 0.9 to 1.6
years) following the injury for nineteen patients (53%) and at
a minimum of two years (average, 4.5 years; range, 2.2 to 6.0
years) for fifteen patients (42%). A subset of eleven patients
was evaluated at both a minimum of one year and a minimum
of two years and thus could be assessed to determine the time-
dependent changes in function according to the MFA. Of the
original thirty-six patients, three had died, three declined to
participate in the study, and fifteen could not be located.

The scores for the eight subsections of the SF-36 deter-
mined at the final evaluations of the study patients were com-
pared with previously reported normative values for the
general population35 (see Appendix). At the evaluations per-
formed at a minimum of one year, the values for the patients
did not differ significantly from the normative data in five of
the eight categories (general health, vitality, social function-
ing, role limitation emotional, and mental health) and showed
significantly worse function in three categories (physical func-
tion [p = 0.0005], role limitation physical [p = 0.0001], and
bodily pain [p = 0.005]). At an average of 4.3 years after the
injury, the final SF-36 scores in seven of the subsections did
not differ significantly from the normative values and the
score in one subsection (physical function) showed signifi-
cantly worse function (p = 0.03). Only the score for bodily
pain showed a significant improvement between the evalua-
tion performed at a minimum of one year and that performed
at a minimum of two years (p = 0.02).

At the evaluations performed at a minimum of two
years, the average MFA score (and standard deviation) for the
fifteen patients was 16.7 ± 15.6 points (range, 0.6 to 41.6
points), which indicated better overall function than that
shown by previously published total MFA dysfunction scores
for patients assessed one year after an isolated knee, leg, or an-
kle injury (average score, 22.9 ± 18 points; range, 2 to 59
points; p = 0.18)33. The average MFA dysfunction score deter-
mined at a minimum of two years in our study was better
(lower) than that calculated at a minimum of one year (26.1
points; p = 0.07) for the nineteen patients evaluated at that
time; this indicated that there was continued recovery and
functional improvement with time. The total MFA dysfunc-

tion score for the general population averages 9.3 points
(range, 0 to 59 points)33.

Compared with previously reported values for patients
without lower-extremity injury (normative values), the pa-
tients in our study who were assessed at a minimum of one
year demonstrated no significant difference in five of the ten
subsections (fine motor, sleep and rest, family relationships,
emotional adjustments, and employment) and had signifi-
cantly worse function in five categories (mobility [p = 0.0001],
housework [p = 0.02], self-care [p = 0.02], leisure and recre-
ation [p = 0.01], and cognition and thinking [p = 0.002]) (see
Appendix). The patients evaluated at a minimum of two years
demonstrated no significant difference in any category com-
pared with previously reported values for patients evaluated at
one year after an isolated lower-extremity injury36, and they
also had no significant difference compared with normative
values (see Appendix).

Of the several patient and injury variables that were as-
sessed to evaluate their influence on functional outcomes as
determined with the MFA, only an open fracture was found to
be associated with poorer function (p = 0.002). An associated
lower-extremity fracture, intra-articular extension, bone loss
requiring bone-grafting, and time to union were not found to
be associated with poorer function.

Discussion
ntramedullary nailing of open and closed tibial shaft frac-
tures has been associated with high rates of radiographic and

clinical success11-22, but the use of this procedure has not become
widely accepted for distal metaphyseal fractures23-26. While exter-
nal fixation has been used successfully to treat open distal tibial
fractures, intramedullary nailing has been associated with a de-
creased number of secondary surgical procedures to achieve
healing and better maintenance of limb alignment37-39. Because
fractures distal to the tibial diaphysis and within 5 cm of the an-
kle joint may represent a different injury, they have been ex-
cluded from reports on intramedullary nailing of tibial shaft
fractures18,38. The distal segment of these fractures is more diffi-
cult to control with intramedullary implants because of the
metaphyseal flare above the plafond. In addition, the poorer
soft-tissue coverage in this region is associated with wound
complications. The proximity to the ankle joint may amplify the
bending moment of the short distal segment and may allow
fracture propagation into the ankle joint. Percutaneous plate os-
teosynthesis is an excellent alternative for the treatment of these
distal fractures as it allows reduction and stable fixation of short
distal metaphyseal segments, facilitating predictable healing9,10.
However, intramedullary nailing may offer fixation advantages
for patterns involving noncontiguous proximal tibial fractures
or proximal extension of the fracture. While tibial nailing may
simultaneously address proximal fracture extension, noncontig-
uous fractures, and distal fractures, anterior knee pain remains
a problem; it has been previously reported in the majority of
patients, regardless of the surgical approach relative to the infra-
patellar tendon40-42.

Intramedullary nailing of distal tibial fractures has been

I
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previously described23-26. Similarly, tibial fractures with associ-
ated ankle fracture and articular extension have been treated
successfully with intramedullary nailing23,25. One difficulty in
selecting candidates for intramedullary fixation of a distal
tibial fracture is differentiating tibial fractures with simple ar-
ticular extension from axial loading injuries with primary ar-
ticular involvement. In our study, patient selection was based
on the primary fracture being located in the metaphysis, with
or without simple articular extension. Injuries that primarily
involved axial loading of the ankle joint with substantial ar-
ticular displacement were not considered to be amenable to
intramedullary nailing.

Unreamed tibial nailing has been used for distal meta-
physeal fractures, including those with articular extension24.
Although, in one study, 42% of patients required a second
surgical procedure to obtain union, alignment was well
maintained24. In the largest series of distal metaphyseal frac-
tures treated with locked intramedullary nailing of which we
are aware, Robinson et al. reported a 100% union rate25.
Their series included both extra-articular tibial fractures and
tibial fractures with extension into the ankle joint. Supple-
mentary fixation of the articular extension was performed
after the intramedullary nailing. Despite modifying the nail
to allow placement of a minimum of two distal locking
screws, maintaining the reduction was difficult. This resulted
in varus and recurvatum deformities of >10°. In addition,
fatigue failure of the nail has been reported within the first
year after reamed nailing of distal tibial fractures43. Particular
caution is necessary when treating fractures within 7 cm of
the ankle joint43.

Difficulty with reduction of distal metaphyseal tibial
fractures may be related to the large diameter of the distal part
of the tibia relative to the diameter of the intramedullary nail;
the interface between the cortex of the tibia and the nail cannot
be used to assist in fracture reduction. To address this, some re-
searchers have advocated the use of adjunctive blocking screws
to obtain and maintain the reduction and alignment44, and the
superior biomechanical strength of these constructs has been
demonstrated45. These screws were not used in our series
because the patients were treated with alternative reduction
methods, including plate fixation of the fibula prior to intra-
medullary nailing24, temporary reduction of the tibia with a
unicortical plate in patients with an open injury, reduction
with a percutaneous clamp25, and placement of a femoral dis-
tractor. One of our surgical goals was to obtain accurate
alignment prior to placement of the medullary implant, ob-
viating the need for supplemental fixation techniques. Fol-
lowing placement of the nail, the ability to interlock distally
with multiple screws in two planes probably helped to main-
tain the reduction.

In our series, articular extension was addressed prior
to intramedullary nailing of the tibia24 to prevent additional
displacement and to assist in the reduction of the distal frag-
ment. In no case did nail insertion lead to loss of reduction
of the articular segment. Strategic placement of periarticu-
lar lag screws allowing adequate space for insertion of the

medullary nail limits the potential for secondary articular
displacement.

Secondary procedures were performed prophylactically
to obtain union in selected patients: early dynamization of the
nail was done in four patients, and bone-grafting was per-
formed in three patients who had substantial bone loss. Despite
the early autografting, the three fractures with associated bone
loss required significantly more time to unite (p = 0.009). For
dynamization, we routinely removed a proximal interlocking
bolt, allowing proximal migration of the nail for compression.
In this way, the relationship between the implant and the short
distal tibial segment is maintained and distal migration of the
nail with joint penetration can be avoided.

The outcome data demonstrated that, at a minimum of
one year after the injury, patients continued to have signifi-
cant limitations in several domains, but they had continuing
improvement for up to two years after the operation. The SF-
36 data are difficult to interpret because reference data for pa-
tients with musculoskeletal injury are unavailable. Despite
the stratification of normative data into age and gender-
matched values31, the small number of patients in our series
additionally limited the utility of the SF-36 data. However, at
a minimum of two years after the injury, our patients did
demonstrate function that was similar to population norma-
tive values, with the function actually better in the general
health category. The one-year MFA dysfunction scores for
our patients closely approximated the published values for
patients evaluated one year after an isolated knee, leg, or an-
kle injury33. However, at a minimum of two years, our pa-
tients demonstrated better overall musculoskeletal function
compared with the one-year values. Compared with an unin-
jured population36, our patients who were evaluated at a min-
imum of two years (average, 4.5 years) demonstrated a score
that was worse (indicating increased dysfunction) by more
than one standard deviation in only two of the ten MFA do-
mains. The presence of multiple other fractures and organ-
system injuries may have contributed to the poorer overall
functional results in our patients. The significant functional
improvement between the one and two-year evaluations
demonstrated by the MFA was observed in only one of the
eight categories within the SF-36. This suggests that the MFA
may be a more sensitive tool for following the functional out-
comes in these patients over time.

Limitations in this study include its retrospective design,
the small number of patients, the fact that multiple surgeons
participated in the treatment, and the nonstandardized radio-
graphic assessments. Furthermore, the ability to differentiate
which fractures are appropriate for intramedullary nailing is
largely qualitative and based on experience and an under-
standing of the fracture pattern, especially with regard to frac-
tures with articular extension (classified as AO/OTA 43C). In
addition, the SF-36 scoring may not provide meaningful in-
formation: for example, knowing that a patient’s role physical
function score is 72 of 100 points is not useful for the patient
or the physician. While the categories in the MFA are clearer
and easier for the patient and physician to understand, this in-
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strument has yet to achieve the widespread popularity of the
SF-36 and it does not have a large pool of reference norms for
various diseases.

We concluded that intramedullary nailing is a safe and ef-
fective technique for the treatment of distal metaphyseal tibial
fractures. It avoids the additional soft-tissue dissection associa-
ted with traditional open procedures as well as the complica-
tions associated with external fixators. Newer nail designs allow
the distal segment to be controlled through placement of multi-
ple distal interlocking screws within a small distance above the
tibial plafond. Alignment can be well maintained despite the
short distal tibial segment, and a simple articular fracture or
fracture extension is not a contraindication to intramedullary
fixation.

Appendix
Tables presenting detailed outcome data derived with the
SF-36 and the MFA are available with the electronic ver-

sions of this article, on our web site at jbjs.org (go to the article
citation and click on “Supplementary Material”) and on our
quarterly CD-ROM (call our subscription department, at 781-
449-9780, to order the CD-ROM). �
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comes of total knee r
referral centers9, where
performed6 and where 
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bias and therefore may not be representative. The present
study aims to address these issues by reporting on the utiliza-
tion and short-term outcomes of primary and revision total
knee replacement in the United States Medicare population,
which comprises virtually all United States residents who are
sixty-five years old or more.

Materials and Methods
he present study involves the use of Medicare claims
submitted by hospitals (Medicare Part A) or by surgeons

(Medicare Part B) in the year 2000. Patients undergoing
primary total knee replacement were identified on the basis
of a hospital claim with an ICD-9-CM (International Clas-
sification of Diseases, Ninth Revision, Clinical Modification)
code of 81.54 or a surgeon’s claim with a CPT (Current
Procedural Terminology) code of 27447. Patients undergoing
revision total knee replacement were identified on the basis
of a surgeon’s claim with a CPT code of 27486 or 27487. Be-
cause occasional miscodes in Medicare data occur, a single
surgeon’s claim was accepted only if the patient was in the
hospital on the date of the claim. To focus on elective total
knee replacement, we excluded patients with claims indi-
cating preexisting infection of the knee, metastatic cancer, or
bone cancer from both study cohorts. In order to obtain
complete claims histories, we also excluded patients enrolled
in health maintenance organizations and those not enrolled
in both parts of Medicare, patients who were less than sixty-
five years of age, and patients who were not residents of the
United States. On the basis of these criteria, 12,373 (8%) of
patients in the primary total knee replacement cohort and
1135 (9%) of those in the revision cohort were excluded. In
addition, patients undergoing bilateral primary total knee
replacement during the same hospitalization were also ex-
cluded; this group comprised an additional 9243 (6%) of
the patients in the original primary total knee replacement
cohort.

To compute age and gender-specific incidence rates for
unilateral primary and revision total knee replacement, we
divided the number of procedures observed in a given age-
gender demographic group during the study year by an esti-
mate of the person-years at risk in the corresponding group
of eligible Medicare enrollees. To do this, we used popula-
tion data from the year 2000 Medicare denominator file for
the first and last dates of our study period (January 1 and
December 31, 2000) and counted the number of enrollees
who were alive, who were residents of the United States, who
were sixty-five years old or more, who were enrolled in both
parts of Medicare, and who were not enrolled in a health
maintenance organization. For each age-gender demographic
group, we averaged the numbers of eligible enrollees at the
beginning and end of the year to obtain denominators for
annual rates. Identical methods were used to compute inci-
dence rates specific to each Census division of the United
States.

Rate ratios, estimated with use of Poisson regression,
were used to assess the relationship between demographic

characteristics and incidence rates of unilateral primary and
revision total knee replacement. The patient characteristics
examined in the Poisson regressions were age (coded in five-
year age-groups from sixty-five to eighty-nine years of age,
with ages between ninety and ninety-nine years combined),
gender, race (only enrollees coded as black or white were re-
tained for these analyses because other race/ethnicity catego-
ries were not coded reliably), whether or not the enrollee’s
State Medicaid program paid the Medicare premiums, and the
Census division in which the enrollee resided.

We examined the rates of complications within ninety
days after primary and revision total knee replacement for all
patients; the complications included death from all causes, re-
admission to an acute care hospital for additional knee sur-
gery, manipulation under anesthesia, pulmonary embolus
(both fatal and nonfatal), pneumonia requiring hospitaliza-
tion, acute myocardial infarction, and deep wound infection
(defined as that occurring after discharge from the index ad-
mission and requiring readmission to the hospital). The per-
formance of manipulation with the patient under anesthesia
was ascertained by searching for a surgeon’s claim with a CPT
code of 27570, and the occurrence of pulmonary embolus was
ascertained by searching for a hospital claim with an ICD-9-
CM code of 415.1-415.19. Acute myocardial infarction and
pneumonia were defined with use of ICD-9-CM codes from
hospital claims on the basis of algorithms developed by the
Agency for Healthcare Research and Quality10. The overall
rates of adverse events in the ninety days after total knee re-
placement were estimated with use of life-table techniques.
Death censored all other outcomes.

We used proportional hazards models to examine the
relationship between demographic factors and the occurrence
of these complications in the ninety days after primary and re-
vision total knee replacement. The factors examined included
age-group, gender, race, and Medicaid supplementation status
as described above. Again, only enrollees coded as black or
white were retained for the proportional hazards models. In
addition, an adaptation of the Charlson index of comorbidity
was computed with use of inpatient claims data for the index
admission11,12. The Charlson index scores were dichotomized
at zero versus one or more. For primary procedures, a diagno-
sis of rheumatoid arthritis also was examined as a potential
risk factor. For revision procedures, age-groups of eighty years
and greater were combined because the sample was small. The
analyses were adjusted for the total number of total knee re-
placements performed annually in Medicare beneficiaries at
the hospital and by the surgeon.

Standardized mortality ratios were used to compare
the observed numbers of deaths within ninety days after pri-
mary and revision total knee replacements with the expected
number of deaths, which were determined with use of mor-
tality rates computed from the 5% United States Medicare
sample. From this population, the 1.8 million enrollees who
were alive on January 1, 2000 (the first day of our study pe-
riod) were extracted. Every member of this standard popula-
tion was then randomly allocated the surgery date of one of

T

http://www.ejbjs.org


1224

 TH E JO U R NA L OF BONE & JOINT SURGER Y ·  JBJS .ORG

VO LU M E 87-A ·  NU M B E R 6 ·  JU N E 2005
EPIDEMIOLOG Y OF TOT AL KNEE REPLA CEMENT 
IN T HE UNITE D STA TE S ME D I C A RE POPU L AT ION

the patients who had undergone primary or revision total
knee replacement, and that date was used as the starting date
for calculating death rates. Members of the standard popula-
tion who had died before the allotted starting date, or who
were not sixty-five years old or more on that date, were
dropped. Similarly, members who were enrolled in a health
maintenance organization, who were not residents of the
United States, or who were not enrolled in both parts of
Medicare were dropped because we had excluded these indi-
viduals from our total knee replacement cohorts. This pro-
cess left 1.3 million members of the standard population,
who were then divided into seventy-two strata according to
age-group, gender, race, and Medicaid buy-in status. Stratum-
specific ninety-day death rates were calculated, and the rates
were applied to the primary and revision total knee replace-
ment cohorts. Approximate confidence intervals for the
standardized mortality ratios were calculated with use of the
formulas of Rothman and Boice13.

Results
ith use of our case definition criteria, 124,986 Medicare
beneficiaries underwent unilateral primary total knee

replacement and 11,726 underwent revision total knee re-
placement between January 1 and December 31, 2000 (Table

I). Approximately one-third of each cohort were men, and
approximately one-half were seventy-five years old or more.
Eight percent (10,388) of the 124,986 beneficiaries who un-
derwent primary total knee replacement and 10% (1117) of
the 11,726 who underwent revision total knee replacement
qualified for Medicaid supplementation, indicating poverty-
level income.

Rates of Total Knee Replacement
In general, the utilization rates for both primary and revision
total knee replacement were higher for women than for men,
although the female-to-male rate ratios declined with age
(Table II). For both primary and revision total knee replace-
ment, the highest utilization rates were for the seventy-five to
seventy-nine-year-old age-group among both men and women.
There was nearly a twofold difference in the rates of both pri-
mary and revision total knee replacement between the lowest
and highest rates over Census divisions (see Appendix). The
rank ordering of Census divisions by rates for total knee re-
placement was nearly identical for both primary and revision
total knee replacement. The West North Central division had
the highest annual rates of both primary total knee replace-
ment (68.2 per 10,000) and revision total knee replacement
(6.3 per 10,000).

W

TABLE I Demographic Features of Medicare Beneficiaries Managed with Unilateral Primary* and Revision Total Knee 
Replacement from January 1 to December 31, 2000 

Demographic Characteristics
Primary Total Knee Replacement† 

(N = 124,986)
Revision Total Knee Replacement† 

(N = 11,726)

Gender

Male 42,206 (33.8%) 4546 (38.8%)

Female 82,780 (66.2%) 7180 (61.2%)

Race

White 115,177 (92.2%) 10,697 (91.2%)

Black 6704 (5.4%) 763 (6.5%)

Other/unknown 3105 (2.5%) 266 (2.3%)

Comorbidity score

0 80,166 (64.1%) 7243 (61.8%)

1 28,319 (22.7%) 2891 (24.7%)

2 or more 16,501 (13.2%) 1592 (13.6%)

Age (yr)

65-74 66,113 (52.9%) 5691 (48.5%)

75-84 52,154 (41.7%) 5138 (43.8%)

85 or more 6719 (5.4%) 897 (7.6%)

Diagnosis‡

Rheumatoid arthritis 4533 (3.6%) —

Osteoarthritis 117,456 (94.0%) —

Other 2997 (2.4%) —

Medicaid supplementation 10,388 (8.3%) 1117 (9.5%)

*Unilateral primary total knee replacement excludes bilateral total knee replacement performed during the same hospital admission. †The
data are given as the number of patients, with the percentage in parentheses. ‡The diagnosis is not always coded on revision total knee re-
placement claims.
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Poisson regression was used to evaluate the independent
associations between demographic characteristics (age, gen-
der, race, Medicaid supplementation, and Census division)
and the incidence rates of unilateral primary and revision total
knee replacement (Table III). The analysis yielded rate ratios
that were adjusted for the other demographic factors in the
table. The rate ratios for primary and revision total knee re-
placement were highest for the seventy-five to seventy-nine-
year-old age-group. Women had higher rate ratios for both
procedures, particularly primary total knee replacement (rate
ratio, 1.41; 95% confidence interval, 1.37 to 1.45). Compared
with whites, blacks were less likely to undergo either primary
total knee replacement (rate ratio, 0.73; 95% confidence inter-
val, 0.69 to 0.78) or revision total knee replacement (rate ratio,
0.89; 95% confidence interval, 0.81 to 0.99). Compared with
individuals who were not receiving Medicaid supplementation,
those who were receiving Medicaid supplementation were less
likely to undergo either procedure, particularly primary total
knee replacement (rate ratio, 0.74; 95% confidence interval,
0.70 to 0.78).

Patient Outcomes
In the first ninety days following unilateral primary total
knee replacement, 0.7% of patients died, 1.4% had pneumo-
nia requiring hospitalization, and <1% had a pulmonary
embolus, a deep wound infection, an acute myocardial in-
farction, or required readmission to the hospital for addi-
tional knee surgery. The incidence of these outcomes was
generally somewhat higher following revision total knee re-
placement (Table IV).

In proportional hazards models, increasing age was
associated with higher rates of death, pulmonary embolus,

pneumonia, and myocardial infarction as well as with a strik-
ingly lower rate of manipulation following primary total knee
replacement (see Appendix). Women had lower rates than men
did for all of the studied outcomes except for pulmonary em-
bolus; the reductions were particularly pronounced for
death (rate ratio, 0.5; 95% confidence interval, 0.5 to 0.6),
deep wound infection (rate ratio, 0.7; 95% confidence inter-
val, 0.6 to 0.8), pneumonia (rate ratio, 0.7; 95% confidence
interval, 0.6 to 0.7), and myocardial infarction (rate ratio,
0.6; 95% confidence interval, 0.5 to 0.6). Compared with
whites, blacks had a tendency toward higher mortality (rate
ratio, 1.4; 95% confidence interval, 1.0 to 1.8) as well as
higher rates of deep wound infection (rate ratio, 1.5; 95%
confidence interval, 1.0 to 2.1) and manipulation (rate ratio,
1.4; 95% confidence interval, 1.2 to 1.7). Individuals who
had one or more medical comorbidities or who received
Medicaid supplementation had higher rates of all of the out-
comes except manipulation.

Similar analyses of postoperative complications follow-
ing revision total knee replacement are also detailed in the
Appendix. Greater age was associated with higher rates of
mortality and pneumonia requiring hospitalization and lower
rates of manipulation. Patterns associated with gender, race,
and comorbidity were broadly similar to those for primary to-
tal knee replacement. In contrast to the findings after primary
total knee replacement, individuals receiving Medicaid sup-
plementation did not have increased rates of additional knee
surgery following revision total knee replacement.

The ninety-day standardized mortality ratio after pri-
mary total knee replacement was strikingly low (0.6; 95%
confidence interval, 0.6 to 0.7), indicating 40% fewer deaths
than would be expected in the unselected Medicare popula-

TABLE II Annual Rates of Unilateral Primary and Revision Total Knee Replacement, United States Medicare Year 2000

Age-Group (yr)

Rate per 10,000 
(95% Confidence Interval)

Female-to-Male 
Rate RatioMen Women

Unilateral primary total knee replacement*

65-69 34.9 (34.2-35.6) 57.4 (56.6-58.2) 1.65

70-74 47.0 (46.2-47.8) 65.5 (64.7-66.4) 1.39

75-79 50.9 (49.9-51.8) 67.9 (67.0-68.7) 1.33

80-84 43.2 (42.1-44.3) 52.1 (51.2-53.0) 1.21

85-89 25.6 (24.4-26.9) 27.7 (26.9-28.6) 1.08

90-99 8.0 (6.9-9.1) 7.1 (6.5-7.6) 0.89

Revision total knee replacement

65-69 3.3 (3.1-3.5) 4.1 (3.9-4.4) 1.24

70-74 4.9 (4.7-5.2) 5.5 (5.2-5.7) 1.12

75-79 5.6 (5.3-5.9) 6.0 (5.7-6.2) 1.07

80-84 5.0 (4.6-5.4) 5.1 (4.8-5.4) 1.02

85-89 3.8 (3.3-4.2) 3.3 (3.0-3.5) 0.87

90-99 1.6 (1.1-2.1) 1.3 (1.1-1.6) 0.81

*Unilateral primary total knee replacement excludes bilateral total knee replacement performed during the same hospital admission.
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tion with the same demographic structure. After revision
total knee replacement, the ninety-day standardized mortal-
ity ratio was 0.9 (95% confidence interval, 0.7 to 1.0), sug-
gesting that the number of deaths after revision was about as
expected.

Discussion
sing United States Medicare data for the year 2000, we
documented that the rates of utilization of primary and

revision total knee replacement vary by age, gender, race, and
geographic region. The rate of  primary total knee replace-
ment was about ten times higher than the rate of  revision to-
tal knee replacement. The rates of both procedures increased
with age after sixty-five years and peaked in the seventy-
five to seventy-nine-year-old age-group. The rates of both
procedures were also higher in women than in men, in whites
than in blacks, and in those with higher incomes than in
those who received Medicaid supplementation. There was
nearly a twofold rate gradient across Census divisions, with

the highest utilizations in the West North Central and Moun-
tain regions.

Overall, the risks of adverse outcomes in the ninety days
after both primary and revision total knee replacement are very
low. Indeed, the risk of mortality after unilateral primary total
knee replacement was substantially lower than the risk facing
unselected Medicare patients with the same demographic
structure. Increasing age was most strongly associated with
higher rates of death and pneumonia. The presence of medi-
cal comorbidity and Medicaid supplementation were most
consistently associated with higher rates of adverse outcomes.

Previous population-based research on the complica-
tions of total knee replacement is limited. The ninety-day
mortality rate following primary total knee replacement in
our study was 30% lower than that in a similar cohort man-
aged with primary total hip replacement in the Medicare pop-
ulation; after revision total knee replacement, the ninety-day
mortality rate was less than half of that after revision total hip
replacement14. In contrast, the risk of deep wound infection

U

TABLE III Associations of Demographic Factors with Rates of Unilateral Primary* and Revision Total Knee Replacement 

Primary Total Knee 
Replacement Rate Ratio†

95% Confidence 
Interval

Revision Total Knee 
Replacement Rate Ratio†

95% Confidence 
Interval

Age-group (yr)

65-69 1.00 – 1.00 −
70-74 1.21 1.17-1.26 1.40 1.30-1.50

75-79 1.27 1.23-1.32 1.56 1.45-1.67

80-84 1.01 0.97-1.06 1.34 1.24-1.45

85-89 0.55 0.52-0.59 0.91 0.81-1.01

90-99 0.15 0.13-0.18 0.36 0.29-0.45

Gender

Male 1.00 – 1.00 –

Female 1.41 1.37-1.45 1.09 1.04-1.15

Race

White 1.00 – 1.00 –

Black 0.73 0.69-0.78 0.89 0.81-0.99

Medicaid supplementation

No 1.00 – 1.00 –

Yes 0.74 0.70-0.78 0.89 0.82-0.98

Census division

New England 1.00 – 1.00 –

West North Central 1.64 1.52-1.77 1.95 1.69-2.25

Mountain 1.37 1.25-1.49 1.90 1.63-2.22

East North Central 1.32 1.23-1.42 1.75 1.53-2.00

West South Central 1.28 1.18-1.38 1.39 1.20-1.61

South Atlantic 1.19 1.11-1.28 1.38 1.21-1.58

Pacific 1.16 1.07-1.26 1.35 1.16-1.57

East South Central 1.08 0.99-1.17 1.24 1.06-1.45

Mid Atlantic 0.94 0.87-1.02 1.13 0.98-1.31

*Unilateral primary total knee replacement excludes bilateral total knee replacement performed during the same hospital admission.
†Poisson regression models included all factors in the table.
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following either primary or revision total knee replacement
was nearly twice as high as that after the corresponding total
hip replacement procedures14. Other studies of total knee re-
placement were restricted to the inpatient period and could
not identify complications that occurred following discharge
from the hospital5.

Lower rates of utilization of medical services by blacks
than by whites have been documented for total knee replace-
ment1,3,8,15-17 as well as for cardiac, renal, and other procedures18-21.
In previous studies on the rates of total hip replacement, we
noted that blacks had lower rates of surgery compared with
whites14,22,23. The findings of the current study show similar
trends for total knee replacement. This difference in utiliza-
tion rates is unlikely to be due to differences in the prevalence
of osteoarthritis between whites and blacks3,24. The differences
across Census regions documented in the present study have
been noted in previous studies on total hip replacement and
total knee replacement14,25. These differences remain inade-
quately explained. They could arise from regional differences
in the underlying epidemiology of osteoarthrosis, patient
preferences, surgical capacity, physician preferences, or access
to services. It is difficult to determine the appropriate rate, and
it is simplistic to assume that the highest rates are excessive.
Data from Ontario suggest that the need for such procedures
may be higher in high-rate areas4.

Two additional observations should be noted regarding
the utilization of total knee replacement. First, socioeconomic
status has a substantial effect on the utilization of total knee
replacement after adjustment for race, gender, and age. Indi-
viduals whose income level was low enough to qualify for
Medicaid supplementation were much less likely to undergo
total knee replacement than individuals who did not receive
Medicaid supplementation were. This income disparity also
has been noted with regard to the utilization of total hip
replacement14,23. Second, women had higher rates of utilization
of total knee replacement than men did, particularly with re-
spect to primary unilateral procedures. This phenomenon can
be explained by the higher prevalence of osteoarthritis of the
knee among women who are sixty-five years of age and older24,26.

The female-to-male rate ratios decreased with age, so that
women who were more than ninety years old were less likely
to have a total knee replacement than their male counterparts
were (Table II). Older women may be more likely than older
men to be living alone or to otherwise lack a supportive social
network, and this might explain an unwillingness to undergo
total knee replacement.

The highest complication rates following total knee re-
placement were associated with increasing age, male gender,
black race, presence of medical comorbidity, and Medicaid
supplementation. These factors are similar to those that have
been associated with adverse outcomes following total hip
replacement14. Additional research should investigate whether
the worse outcomes in blacks and the poor are due to patient-
related factors or to the quality of care at the hospitals where
total knee replacement is performed.

An important limitation of the present study was our
inability to identify individuals in the Medicare population
who had preexisting knee osteoarthritis and thus were at risk
for primary total knee replacement (or who had had previous
primary total knee replacement and thus were at risk for revi-
sion total knee replacement). Also, Medicare claims data pro-
vide sparse clinical detail, making it difficult, for example, to
distinguish a complex revision from a simple revision. The
present study had several strengths, including a population-
based sample (eliminating referral bias), a large-enough
sample size to estimate the rate of infrequent outcomes,
and complete follow-up.

Appendix
Tables presenting total knee replacement rates by Census
division and ninety-day outcomes following primary and

revision total knee replacement are available with the elec-
tronic versions of this article, on our web site at jbjs.org (go to
the article citation and click on “Supplementary Material”)
and on our quarterly CD-ROM (call our subscription depart-
ment, at 781-449-9780, to order the CD-ROM). �

NOTE: The authors thank Robert A. Lew, PhD, for contributing to the design of the study.

TABLE IV Unadjusted Rates of Selected Outcomes Within Ninety Days After Unilateral Primary* and Revision 
Total Knee Replacement 

Primary Total 
Knee Replacement

Revision Total 
Knee Replacement

Death 0.7% 1.1%

Readmission for additional knee surgery 0.9% 4.7%

Pulmonary embolus 0.8% 0.5%

Wound infection 0.4% 1.8%

Acute myocardial infarction 0.8% 1.0%

Pneumonia requiring hospitalization 1.4% 1.4%

Manipulation under anesthesia 1.6% 1.3%

*Unilateral primary total knee replacement excludes bilateral total knee replacement performed during the same hospital admission.
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Arthroscopic Repair of 
Full-Thickness Tears 

of the Supraspinatus: Does 
the Tendon Really Heal?

BY PASCAL BOILEAU, MD, NICOLAS BRASSART, MD, DUNCAN J. WATKINSON, FRCS, 
MICHEL CARLES, MD, ARMODIOS M. HATZIDAKIS, MD, AND SUMANT G. KRISHNAN, MD

Investigation performed at the Department of Orthopaedic Surgery and Sports Traumatology, 
Hôpital de L’Archet, University of Nice, Nice, France

Background: Good functional results have been reported for arthroscopic repair of rotator cuff tears, but the rate of
tendon-to-bone healing is still unknown. Our hypothesis was that arthroscopic repair of full-thickness supraspinatus
tears achieves a rate of complete tendon healing equivalent to those reported in the literature with open or mini-open
techniques.

Methods: Sixty-five consecutive shoulders with a chronic full-thickness supraspinatus tear were repaired arthroscopically
in sixty-five patients with use of a tension-band suture technique. Patients ranged in age from twenty-nine to seventy-nine
years. The average duration of follow-up was twenty-nine months. Fifty-one patients (fifty-one shoulders) had a computed to-
mographic arthrogram, and fourteen had a magnetic resonance imaging scan, performed between six months and three
years after surgery. All patients were assessed with regard to function and the strength of the shoulder elevation.

Results: The rotator cuff was completely healed and watertight in forty-six (71%) of the sixty-five patients and was
partially healed in three. Although the supraspinatus tendon did not heal to the tuberosity in sixteen shoulders, the
size of the persistent defect was smaller than the initial tear in fifteen. Sixty-two of the sixty-five patients were satis-
fied with the result. The Constant score improved from an average (and standard deviation) of 51.6 ± 10.6 points pre-
operatively to 83.8 ± 10.3 points at the time of the last follow-up evaluation (p < 0.001), and the average University
of California at Los Angeles score improved from 11.5 ± 1.1 to 32.3 ± 1.3 (p < 0.001). The average strength of the
shoulder elevation was significantly better (p = 0.001) when the tendon had healed (7.3 ± 2.9 kg) than when it had
not (4.7 ± 1.9 kg). Factors that were negatively associated with tendon healing were increasing age and associated
delamination of the subscapularis or infraspinatus tendon. Only ten (43%) of twenty-three patients over the age of
sixty-five years had completely healed tendons (p < 0.001).

Conclusions: Arthroscopic repair of an isolated supraspinatus detachment commonly leads to complete tendon
healing. The absence of healing of the repaired rotator cuff is associated with inferior strength. Patients over the age
of sixty-five years (p = 0.001) and patients with associated delamination of the subscapularis and/or the infraspina-
tus (p = 0.02) have significantly lower rates of healing.

Level of Evidence: Therapeutic Level IV. See Instructions to Authors for a complete description of levels of evidence.

rthroscopic repair of full-thickness tears of the rotator
cuff is technically demanding and is still in the develop-
mental phase, with only short and intermediate-term

studies available1-3. This gives rise to the following question: Do
rotator cuff tears actually heal after arthroscopic repair? An-
swering this question is important, as functional results tend to

be better in patients with healed cuffs4,5. The results of arthro-
scopic repair have not been as thoroughly studied as those after
open repair4,6-9. Although arthroscopic cuff repair has potential
advantages, its use would be ill-advised if it does not provide
functional and anatomical results that are at least equivalent to
those achieved by open or mini-open surgery10.

This prospective study was undertaken in order to test
the reliability of an arthroscopic technique with use of both
functional assessment and imaging of the tendons postopera-
tively with computed tomographic arthrography or magnetic

A

A commentary is available with the electronic versions of this article,
on our web site (www.jbjs.org) and on our quarterly CD-ROM (call our
subscription department, at 781-449-9780, to order the CD-ROM).
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resonance imaging. The hypothesis was that arthroscopic re-
pair of full-thickness supraspinatus tears allows a rate of com-
plete tendon healing that is at least equivalent to that achieved
historically by open or mini-open techniques.

Materials and Methods
Inclusion and Exclusion Criteria

ighty-five consecutive primary arthroscopic repairs of
chronic full-thickness rotator cuff tears were performed by

the senior surgeon (P.B.) or under his direction between May 1,
1999 and December 31, 2001. The criteria for inclusion in this
investigation included (1) the presence of a chronic full-
thickness detachment limited to the supraspinatus tendon
with intact insertions of the subscapularis and infraspinatus;
(2) a cuff repair performed solely with use of arthroscopic tech-
niques; (3) an evaluation of tendon healing and cuff integrity,
performed at least six months after surgery, with use of a com-
puted tomographic arthrogram or a magnetic resonance imag-
ing study for the patients who declined to have a computed
tomographic arthrogram; and (4) clinical examination of the
patients performed at least two years after surgery. Patients
with a tear associated with tendon fraying or delamination of
either the subscapularis or infraspinatus were included for
analysis, as were patients with associated rotator interval in-
volvement or a biceps abnormality. Patients were excluded if
the tear was only partial thickness, if the repair was only par-
tial, or if the cuff had had a previous operation. Twenty pa-
tients were thus excluded, leaving sixty-five patients to provide
the basis for this study. The contraindications to arthroscopic
cuff repair were the same as those for open repair: upward hu-
meral migration (an acromiohumeral distance of <6 mm on
the anteroposterior radiographs with the shoulder in neutral
rotation), associated glenohumeral osteoarthritis, or severe
muscle atrophy or fatty infiltration (stage 3 or 4 according to
the classification system of Goutallier et al.) on a computed to-
mographic arthrogram or magnetic resonance imaging study11.

Patients
All of the patients had a history of chronic shoulder pain that
had been treated with medication and/or physical therapy for at
least six months. Forty-three patients (66%) had received a sub-
acromial injection of cortisone. The indication for surgical re-
pair was pain and functional disability refractory to conservative
care. The average duration of the symptoms prior to surgery was
twenty-six months (range, seven to 240 months). The average
age at the time of the operation was sixty years (range, twenty-
nine to seventy-nine years). The repair was performed on thirty-
two men and thirty-three women. The dominant arm was in-
volved in fifty patients (77%). Thirty-three patients (51%) were
employed, and seventeen of them were involved in heavy manual
labor. On the basis of the history, the tear was thought to be asso-
ciated with some degree of trauma in twenty-nine shoulders
(45%). Eight injuries (12%) were related to work. 

Preoperative and postoperative radiographic evaluation
involved five fluoroscopically controlled views: anteroposterior
in three rotational positions (internal, neutral, and external),

scapular lateral, and axillary lateral. The mean acromiohumeral
distance, measured on the preoperative radiograph in neutral
rotation, was 10.5 mm (range, 8 to 14 mm). The acromion was
flat (type I) in ten patients, curved (type II) in thirty-nine, and
hooked (type III) in sixteen. A computed tomographic arthro-
gram or a magnetic resonance imaging scan was performed
preoperatively in all patients to confirm the diagnosis of a full-
thickness supraspinatus tear.

Tear Classification
The extent of the tear was determined intraoperatively under
direct arthroscopic visualization with the arthroscope in the
lateral portal after débridement of the degenerated tendon
edges. It was classified in both the coronal and sagittal planes,
according to a modification of the system described by Tho-
mazeau et al.5, in order to take into account associated tendon
delamination.

Tendon retraction in the coronal plane was classified ac-
cording to the location of the medial edge of the tear in refer-
ence to the surrounding anatomy (Fig. 1). If the tear edge was
lying over the greater tuberosity, then the tear retraction was

E

Fig. 1

The coronal size and extent of supraspinatus tears. Stage I (minor re-

traction) indicates that the tear edge was at the lateral margin of the 

articular cartilage (thirty-two shoulders in the present study, 49%). 

Stage II (moderate retraction) indicates that the tear exposed the 

humeral head but did not extend to the glenoid (thirty-one shoulders, 

48%). Stage III (severe retraction) indicates that the tear extended to 

the glenoid (two shoulders, 3%). Stage IV (a massive tear) indicates 

retraction medial to the glenoid (there were no such shoulders in the 

present study).
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classified as a stage-I tear. These tears were usually <1 cm in
greatest diameter. If the tear exposed the humeral head but did
not retract to the glenoid articular surface, then retraction was
considered to be a stage-II tear. These tears tended to measure
>1 cm and <3 cm in greatest diameter. Tears that extended to
the glenoid were considered to have severe retraction and were
classified as a stage-III tear. These tears tended to measure be-
tween 3 and 5 cm in greatest diameter. Tears that were retracted
medial to the glenoid were classified as a stage-IV tear. These
tears tended to measure >5 cm in greatest diameter. The cuff
tear was classified as stage I in thirty-two patients (49%), stage
II in thirty-one patients (48%), and stage III in two patients
(3%). There were no massive (stage-IV) cuff tears in this series.

The extent of the tear in the sagittal plane was also taken
into account (Fig. 2). Supraspinatus tears with infraspinatus
delamination or subscapularis delamination were included in
the present study. Delamination and/or fraying of the infra-
spinatus or subscapularis tendons did not extend into full-
thickness detachments of any portion of the tendon insertions.
The cuff was divided into six sectors (A, B, C, D, E, or F). The
tear was strictly limited to the supraspinatus tendon (stage
D) in thirty-two patients (49%). The supraspinatus tear ex-
tended anteriorly to the rotator interval, leaving the long head
of the biceps uncovered, and/or was associated with subscapu-

laris delamination or fraying (stage DE) in twenty-four patients
(37%). The supraspinatus tear was associated with infraspi-
natus delamination (stage CD) in three patients (5%). The
supraspinatus tear was associated with anterior and posterior
delamination or cleavage (stage CDE) in six patients (9%). In
this study, we considered a delamination (or cleavage) to be
different from a partial-thickness tear. We used the former to
refer to degenerative changes within the tendon associated
with the separation of fibers or fibrillation but no disruption
of the insertion and the latter to describe a partial disruption
of the insertion of the tendon from its footprint. This is an ar-
throscopic diagnosis.

Surgical Technique
Surgery was performed with the patient in the beach-chair posi-
tion and under general anesthesia. An interscalene block was
typically performed before surgery. The arm was left free on a
draped U-shaped Trillat knee support (ALM, Orleans, France).
Continuous traction was not used. Alternatively, a sterile articu-
lated McConnell arm holder (McConnell Orthopedics, Green-
ville, Texas) may be used. Hypotensive anesthesia was used to
facilitate intraoperative visualization. Four portals were typi-
cally required: posterior and lateral portals were used mainly for
the standard 4-mm arthroscope (the viewing portals), while
two anterior portals (anterolateral and anteromedial) were used
for the instruments (the working portals). The subacromial
space was cleared of adhesions, bursal tissue, and reactive syno-
vitis. Tendon mobility was improved by releasing superficial ad-
hesions between the cuff and the acromial arch. A superior
capsular release and rotator interval-coracohumeral ligament
release were performed when needed to allow a low-tension re-
duction of the supraspinatus tendon to its anatomical position.
Limited débridement of degenerated tendon margins was per-
formed with use of a shaver or a basket punch. After adequate
visualization, preparation, and release of the tendon, the upper
surface of the greater tuberosity was abraded widely with a burr,
removing all soft tissue and cortical bone, to create a bleeding
cancellous bone bed. However, a trough was not created.

In order to perform a tendon-to-bone repair, the senior
author (P.B.) developed a tension-band suture technique, using
inverted horizontal mattress sutures and placing the anchors in
the lateral cortex of the humerus (Figs. 3-A through 3-D). The
anterolateral portal was used to drill the anchor holes approxi-
mately 10 mm distal to the tip of the greater tuberosity and at 5
to 7-mm intervals. Care was taken to rotate the shoulder in or-
der to keep the drill perpendicular to the lateral humeral cortex.
The drill-holes were marked with use of electrocautery. An ar-
throscopic clamp was then inserted through the same anterolat-
eral portal in order to grasp the tendon and allow the assistant
to place it under tension by pulling laterally on the clamp. This
maneuver greatly facilitated the passage of the suture through
the cuff. A suture-hook (Linvatec, Largo, Florida) was inserted
through the anteromedial portal and was used to pass the su-
ture some distance medial to the tendon edge, close to the mus-
culotendinous junction, in an inverted mattress fashion.

A grasping clamp was used to retrieve one of the suture

Fig. 2

The sagittal size and extent of supraspinatus tears. Stage D indicates 

tears that are strictly limited to the supraspinatus tendon itself (thirty-

two shoulders [49%] in the present study). Stage DE indicates a su-

praspinatus tear that extended anteriorly to the rotator interval and/or 

was associated with subscapularis delamination (twenty-four shoul-

ders, 37%). Stage CD indicates a supraspinatus tear that extended 

posteriorly with infraspinatus delamination (three shoulders, 5%). 

Stage CDE indicates a supraspinatus tear that extended both anteriorly 

(to the rotator interval and/or the subscapularis delamination) and pos-

teriorly (infraspinatus delamination) (six shoulders, 9%).

http://www.ejbjs.org


1232

 TH E JO U R NA L OF BONE & JOINT SURGER Y ·  JBJS .ORG

VO LU M E 87-A ·  NU M B E R 6 ·  JU N E 2005
AR TH ROS COPIC REPAIR OF FU L L-THICKNESS TE A RS OF THE 
SUPR ASPINATUS:  DOES THE TENDON RE A L L Y HE A L?

limbs through the anterolateral portal. The anchor was threaded
onto the retrieved limb of the suture and was inserted back
through the anterolateral cannula and into the previously drilled

anchor hole. Sutures were tied immediately with use of a simple
(Duncan loop) sliding knot with three reversed additional half
hitches. Two or three such horizontal mattress sutures were ade-

Fig. 3-C

Figs. 3-C and 3-D The anchor is introduced perpendicular to the lateral cortex of the greater tuberosity and is 

locked against the cortex.

Fig. 3-D

Fig. 3-A

Figs. 3-A through 3-D Cuff repair with use of the tension-band suture technique. Absorbable, self-locking anchors are 

placed on the lateral (strong) cortex of the humerus, while the sutures are placed medially (through the strong tendon) in an 

inverted horizontal mattress fashion. Fig. 3-A Lateral placement of the anchors allows a complete coverage of the footprint 

and minimizes anchor pullout, while the inverted mattress sutures allow compression of the repaired tendon against the 

footprint. Fig. 3-B Two or three anchors and sutures are needed to repair the supraspinatus tendon, and lateral placement 

of the knots allows the normal smoothness of the upper surface of the cuff to be reestablished (avoiding abrasion of the 

knots against the coracoacromial arch).

Fig. 3-B
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quate to repair most tears. The types and number of anchors
and sutures used are summarized in the Appendix. We pre-
ferentially used self-locking, bioabsorbable Panalok RC an-
chors (Mitek, Johnson and Johnson, Norwood, Massachusetts),
loaded with number-1 PDS (polydioxanone; Ethicon, Johnson
and Johnson, Westwood, Massachusetts). The mean number of
suture anchors used per patient was 2.25 (range, 0 to 4). Al-
though we prefer to place the suture first, the same technique
can be accomplished by placing the anchor first and then using
a shuttle relay to retrieve the suture through the tendon. Forty-
seven tears (72%) were repaired with use of suture anchors
alone, and seventeen (26%) were repaired with use of a com-
bination of side-to-side tendon sutures and tendon-to-bone
repair (with anchors). An isolated side-to-side repair was per-
formed over abraded bone in only one patient.

A subacromial decompression with acromioplasty was
performed in sixty-one patients (94%). No acromioplasty was
performed in four patients because arthroscopic visualization
did not show any evident anterosuperior impingement of the
cuff with the acromial arch. A resection of the distal aspect of the
clavicle was also performed in four patients because of painful
acromioclavicular osteoarthritis. The biceps tendon appeared
normal in only nine shoulders. It had some degree of wear in
twenty-one, appeared inflamed in twenty-five, was subluxated in
twenty-one, was dislocated in two, and was hypertrophic with an
inability to slide in the groove in two. A biceps tenotomy was
performed in three shoulders, and an arthroscopic biceps tenod-
esis was performed in fifty-three shoulders with use of an ab-
sorbable interference screw, according to a technique previously
described12.

Postoperative Management
Forty-seven patients (72%) were allowed to go home on the
morning after surgery. Eighteen patients (28%) who were el-
derly and lived alone were transferred to a rehabilitation center.
Postoperatively, fifty-seven (88%) of the repairs were protected
with a splint with the shoulder in 60° of abduction for three
weeks and then at 30° for an additional three weeks. Pendulum
exercises commenced on the first postoperative day and contin-
ued for six weeks. Patients were advised to perform these exer-
cises for five minutes at a time and five times a day for the first
three weeks. At three weeks, they were sent to a physical thera-
pist for passive motion exercises in the plane of the scapula. No
active motion was allowed for six weeks or until complete re-
covery of passive motion had occurred. Hydrotherapy was
strongly encouraged.

Functional Assessment
The patients were prospectively evaluated at three, six, and
twelve months and yearly thereafter. The average duration of
follow-up was twenty-nine months (range, twenty-four to
forty-six months). At the time of the last follow-up evaluation,
the patients were reviewed by an independent observer (N.B.).
The Constant and Murley functional score, University of Cali-
fornia at Los Angeles (UCLA) score, and the Simple Shoulder
Test were used preoperatively and at each review13-15. Finally,

subjective results were assessed by asking the patients if they
were very satisfied, satisfied, disappointed, or unhappy with
the functional outcome.

Assessment of Tendon Healing
In order to assess tendon healing, anatomical evaluation of the
cuff repair was performed with use of a computed tomographic
arthrogram as the investigation of choice, as it combines the
benefits of arthrography with multiplanar imaging of the post-
operative shoulder. Fifty-one patients (78%) agreed to have an
arthrogram and a computed tomography scan after the arthro-
gram. The remaining fourteen patients declined but agreed to
have a magnetic resonance imaging scan instead. These investi-
gations were performed between six months and three years af-
ter surgery (average, eighteen months). A minimum of six
months was thought to be appropriate to assess secure tendon
healing11,16. All arthrograms were performed by a senior radiolo-
gist who was blinded to the size of the tear that had been re-
paired. Under fluoroscopic control, a 22-gauge spinal needle
was used to inject 5 mL of contrast material into the anterior as-
pect of the shoulder joint. The images were reviewed by a radi-
ologist and two surgeons, who were informed that the patients
had undergone surgery for rotator cuff repair. The images were
reviewed at separate times by the different reviewers to decrease
influence and bias. When there were discrepant opinions, the
cuff was not considered to be watertight. Extravasation of con-
trast medium into the subacromial space was considered diag-
nostic of an “unhealed tendon,” whereas contrast medium
extending into but not through the rotator cuff was categorized
as a “partially healed tendon.” Partially healed tendons were
considered to be anatomical failures of healing. We attempted
to further minimize the number of false-negative results by also
considering a “thin tendon” to be an anatomical failure. We de-
fined a “thin tendon” as a tendon that did not cover >50% of
the coronal width of the greater tuberosity in all coronal oblique
sections on the computed tomography scan made after the ar-
throgram. In this situation, we assumed that the lack of contrast
medium leakage was due to a thin layer of fibrous tissue rather
than to a truly healed tendon.

Statistical Analysis
Measurements are expressed as the mean and the standard devi-
ation. The means were compared with use of the Student t test
for continuous variables and with a chi-square test or Fisher ex-
act test for categorical variables. Age, gender, strength, and
other variables were evaluated in multivariate logistic regression
models. All odds ratios were presented with 95% confidence in-
tervals. Effect modification was formally tested with use of an
interaction term in the regression model. A significant differ-
ence was defined as p < 0.05.

Results
Functional Results

ith use of the adjusted Constant score (Table I), the result
was rated as excellent in 77% (fifty shoulders), good in

15% (ten), fair in 6% (four), and poor in 2% (one). With use of
W
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the UCLA scoring system (Table II), the result was rated as ex-
cellent in 61% (forty shoulders), good in 31% (twenty), fair in
5% (three), and poor in 3% (two).

Shoulder function, with use of the Simple Shoulder Test
before surgery and at the time of the last follow-up examina-
tion, is summarized in Figure 4. All twelve activities evaluated
by the Simple Shoulder Test were significantly improved (p <
0.0001) after arthroscopic repair of the rotator cuff.

Subjective Results
Effective pain relief (considered a pain score of ≥12 according
to the system of Constant and Murley) was achieved in fifty-
seven patients (88%). Sixty-two patients (95%) were either
very satisfied (forty-one patients) or satisfied (twenty-one pa-
tients) with the result. No patients stated that they were dissat-
isfied with the result. Three patients (5%) were disappointed
mainly because of persistent pain. All three of these patients
were among the eight with a Workers’ Compensation claim.

Anatomic Results (Healing of the Tendon)
Computed tomographic arthrography or magnetic resonance
imaging demonstrated that the rotator cuff was completely
healed in forty-six (71%) of the sixty-five shoulders. The su-
praspinatus tendon did not heal in sixteen shoulders (25%)
and healed partially in three shoulders (5%). The size of the
unhealed area (sixteen shoulders) was smaller than the initial
tear in all but one shoulder. In the coronal plane, the amount
of retraction of the recurrent tear was less than the original in

eleven shoulders, was equal to it in four, and was greater in
one. In the sagittal plane, the extent of the recurrent tear was
smaller in fifteen shoulders and equal in one shoulder.

Factors Associated with 
Healing of the Tendon
A significant association was detected between radiographic
signs of tendon healing and the postoperative strength and
Constant score (Table III): patients with a healed tendon had
more strength (p = 0.001) and a slightly better Constant score
(p = 0.02) than did those with an incomplete or unhealed re-
pair. The strength of elevation averaged 7.3 ± 2.9 kg in the
forty-six shoulders with a healed tendon and 4.7 ± 1.9 kg in
the nineteen with an unhealed tendon; the difference was sig-
nificant (p = 0.001). However, with the numbers available, the
absence of tendon healing did not affect pain relief, activity,
mobility, or patient satisfaction.

Age was clearly a factor influencing tendon healing. Pa-
tients who had a healed tendon were, on the average, ten years
younger (57.8 ± 9.4 years) than those in whom the tendon did
not heal (68 ± 7.6 years) (Table III); the difference was signifi-
cant (p < 0.001). As demonstrated in Figure 5, the rate of ten-
don healing decreased as patient age increased. Patients over
sixty-five years old had only a 43% chance of tendon healing.

Multivariate regression analysis found that strength in
abduction was significantly better in patients with a healed
tendon, and the finding was independent of age (odds ratio =
1.62 [95% confidence interval, 1.08 to 2.42]; p = 0.01). Al-

TABLE I Functional Results According to the Constant Score* 

Parameters Preoperative Score (points) Follow-up Score (points) P Value†

Pain (maximum score, 15) 4.5 ± 2.4 13.8 ± 2 <0.001

Activity (maximum score, 20) 9.7 ± 2.9 18.5 ± 2.7 <0.001

Mobility (maximum score, 40) 34.2 ± 5.8 38.2 ± 2.8 <0.001

Strength (maximum score, 25) 3.2 ± 3.4 13.1 ± 5.8 <0.001

Absolute Constant score 
(maximum score, 100)

51.6 ± 10.6 83.8 ± 10.3 <0.001

Adjusted Constant score 64.6 ± 12.6 104.7 ± 12.9 <0.001

*The values are given as the mean and the standard deviation. †Student t test.

TABLE II Functional Results According to the University of California at Los Angeles (UCLA) Score*

Parameters Preoperative Score (points) Follow-up Score (points) P Value†

Pain (maximum score, 10) 2.1 ± 1.2 9.1 ± 1.7 <0.0001

Function (maximum score, 10) 2.6 ± 1.2 9.1 ± 1.7 <0.0001

Active elevation (maximum score, 5) 4.5 ± 0.9 4.9 ± 0.5 0.001

Strength (maximum score, 5) 2.3 ± 0.5 4.4 ± 0.7 <0.001

Satisfaction 4.8 ± 1

UCLA score 11.5 ± 1.1 32.3 ± 1.3 <0.001

*The values are given as the mean and the standard deviation. †Student t test.
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though strength globally decreased with age, it was better,
even in patients over sixty-five years old, when the tendon had
healed than when it had not.

The size of the tear also affected the rate of tendon heal-
ing, but this effect was more pronounced when assessed in the
sagittal plane rather than in the coronal plane (Table IV). In the
coronal plane, with the numbers available, the rate of tendon
healing was not significantly different between the thirty-two
shoulders with a small (stage-I) tear and the thirty-three shoul-
ders with a more retracted (stage-II or III) tear (p = 0.07). The
rate of tendon healing was significantly lower when the original
tear was extensive, with delamination extending to the in-
fraspinatus posteriorly and the subscapularis anteriorly (p =
0.02). Small supraspinatus tears (nineteen shoulders) with min-
imal retraction in the coronal plane and without any associated

subscapularis or infraspinatus delamination in the sagittal plane
(stage I, D), achieved complete tendon healing.

With the numbers available, multivariate regression
analysis showed no association between tendon healing and
gender, duration of symptoms before surgery, previous injec-
tions, Workers’ Compensation status, or an associated acromi-
oplasty. Statistical analysis did not demonstrate that patients
with a biceps tenodesis fared better than those without a teno-
desis, with the numbers available. Finally, a clear benefit of
performing an acromioplasty or of the use of absorbable or
permanent anchor or suture materials could not be demon-
strated in this study.

Complications and Reoperations
No shoulder had nerve damage, wound infection, excessive

Fig. 4

Functional results with use of the Simple Shoulder Test. Each of the twelve shoulder functions evaluated was significantly 

improved (p < 0.0001).

TABLE III Assessment of Functional and Subjective Results at Latest Follow-Up Evaluation* 

Follow-up Parameters
Patients with a Healed 

Tendon (N = 46)

Patients with a 
Partially Healed or 

Unhealed Tendon (N = 19) P Value†

Age (yr) 57.8 ± 9.4 68 ± 7.6 <0.001

Pain (points) 14 ± 1.8 13.5 ± 2.6 NS

Activity (points) 18.8 ± 2.4 17.9 ± 3.3 NS

Mobility (points) 38.3 ± 2.3 38.1 ± 3.9 NS

Strength (points) 14.6 ± 5.8 9.4 ± 3.8 0.001

Absolute Constant score (points) 85.7 ± 9.7 78.9 ± 10.5 0.02

Patient satisfaction (rating of satisfied or very satisfied) 96% 95% NS

*The values are given as the mean and the standard deviation. †Student t test. NS = not significant.
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wound drainage, or suture or anchor-related complications.
None of the patients with persistent tendon defects were
symptomatic enough to warrant reoperation. One patient re-
quired an arthroscopic arthrolysis for persistent postoperative
stiffness one year after surgery.

Discussion
he clinical results reported here are similar to those of pre-
viously published reports on open13,17-21 and mini-open

techniques22-28. Our anatomical failure rate of 29% compares fa-
vorably with rates of 20% to 54% reported for open rotator cuff
repair4,6,29-33. The anatomical results reported in the present study
are equivalent to or slightly better than those in previous studies
with similar arthroscopic techniques. In the literature, we found
only three previous studies that had attempted to analyze the
structural results of arthroscopic cuff repair7-9. Wolf and Bayliss
performed second-look arthroscopy in twenty-three patients
after arthroscopic cuff repairs using both side-to-side and su-
ture anchor techniques7. They found excellent healing with a
normal appearance of the rotator cuff in sixteen patients (70%)
at an average of five months postoperatively. Gleyze et al., in a

multicenter study, found a 61% rate of tendon healing after ar-
throscopic repair of isolated supraspinatus tears8. Wilson et al.
also performed second-look arthroscopy on thirty-three of
thirty-five patients who had arthroscopic staple fixation of cuff
tears9. The rotator cuff was completely healed and watertight in
twenty-two (67%) of the thirty-three patients. An area of ten-
don necrosis under the staple was found in eight patients; this
area was considered to be small in two patients and large in the
other six patients. An unhealed tendon that required open re-
pair was present in three patients.

The present study confirms what multiple other studies
have shown—repairs that remain anatomically intact result in
better improvement in elevation strength than do those that
fail4,30,34. In addition, our study is in accordance with other inves-
tigations in that the absence of tendon healing (or only partial
healing) did not necessarily compromise pain relief and patient
satisfaction (Table III). It is unclear whether the functional im-
provement was attributable to débridement and acromioplasty
alone, treatment of an associated biceps disorder, or to a so-
called partial repair effect4,13,34,35. We found that strength in ab-
duction was significantly better in patients with a healed tendon

T

Fig. 5

The prevalence of tendon healing according to age.

TABLE IV Prevalence of Tendon Healing According to the Size of the Cuff Tear in the Coronal and Sagittal Planes

Tear Size No. of Shoulders
No. (%) of Shoulders 
with a Healed Tendon

Coronal plane

Stage I (minor retraction) 32 25 (78)

Stage II (medium retraction) 31 18 (58)

Stage III (large retraction) 2 2

Sagittal plane

Stage D (supraspinatus) 32 29 (91)

Stage CD (supraspinatus and infraspinatus cleavage) 3 3

Stage DE (supraspinatus and rotator interval tear or subscapularis cleavage) 24 11 (46)

Stage CDE (supraspinatus with infraspinatus and subscapularis cleavages) 6 3
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and that this was independent of age. However, the chance of
tendon healing decreased to 43% when the patient was more
than sixty-five years old (Fig. 5). This may be a result of the fact
that the capacity to store local reserves of various growth factors
involved in the healing process decreases with age4,36.

The size and extension of the tear have previously been
recognized as important factors that influence tendon healing,
but surgeons have tended to emphasize the effect of retraction
in the coronal plane8,13,37. Our study demonstrates that tear ex-
tension in the sagittal plane with associated tendon delamina-
tion should also be considered a poor prognostic factor for
tendon healing. Conversely, we found that small supraspina-
tus tears with minimal retraction and without any associated
subscapularis or infraspinatus delamination (stage I, D) al-
ways healed fully. These results are in agreement with those in
other studies4,30. Using ultrasonography, Gazielly et al. found
that the rate of recurrence of the tear was 7% (four of fifty-
seven) when it involved only the supraspinatus tendon and
25% (three of twelve) when the rotator interval was also torn30.

The optimal technique and anchor-suture configuration
have yet to be determined for arthroscopic repair of the rotator
cuff10,38-41. In vitro studies have suggested that current arthro-
scopic repair techniques do not provide the same initial fixation
strength and rigidity as an optimally performed open repair41,42,
yet our technique still yielded a 71% tendon-healing rate. We
suggest that the repair we use, in which an inverted horizontal
mattress suture placed medially is combined with a laterally
placed self-locking anchor, has some potential advantages (Figs.
3-A through 3-D). First, it permits a thorough decortication of
the superior surface of the greater tuberosity, which prepares a

Fig. 6-C

Fig. 6-A

Fig. 6-A Computed tomographic arthrogram showing the medium-

size (stage-II) supraspinatus tear. Fig. 6-B Computed tomographic ar-

throgram of the same shoulder showing complete tendon healing af-

ter arthroscopic repair. Notice the complete coverage of the footprint 

and complete healing of the tendon.

The arthrogram shows the cuff is completely healed and watertight.

Fig. 6-B
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bleeding cancellous bed for the tendon without compromising
anchor fixation43. Second, it minimizes anchor pullout, as the
line of tendon pull is 90° to the direction of the anchor41,43.
Third, it provides a large repair-site area close to the original in-
sertion site of the supraspinatus because the tendon is pulled
laterally toward the tendon bed44-46. Fourth, it allows compres-
sion of the repaired tendon against the footprint by the inverted
mattress sutures. Furthermore, the inverted horizontal mattress
suture configuration also minimizes slippage within the tendon,
allows equal loading of the two suture strands, and maximizes
the surface area contact of tendon against bone47. Fifth, place-
ment of the knots on the lateral aspect of the humerus (instead
of superiorly) reestablishes the normal smoothness of the upper
surface of the cuff and its insertion (avoiding abrasion of the
knots against the coracoacromial arch). Sixth, it has been shown
that sutures or anchors placed directly into the lateral cortical
bone of the greater tuberosity have better holding strength than
those placed in the weak, decorticated cancellous bone adjacent
to the humeral head48-51. Recently, Rossouw et al. demonstrated
that the placement of suture anchors into the lateral cortex of
the humerus results in a significant increase (p < 0.014) in the
strength of the rotator cuff repair compared with the placement
in the footprint (363 ± 120 N compared with 147 ± 74 N)50.

The causes of failure of a rotator cuff repair are poorly
understood and probably multifactorial36,38-40,42,51. It has been
suggested that an absence of tendon-to-bone healing (or par-
tial healing) after cuff repair may be secondary to mechanical
factors (pullout of anchors or breakage of sutures) but also
potentially to biological factors (osteoporotic bone, weak de-
generative tendons, and decreased healing potential with in-
creasing age). We agree with Meyer et al. that the weakest link
in the chain of the repair is not the suture, the anchor, or the
tendon itself but often the osteoporotic bone found in elderly
patients51.

We found only nine biceps tendons that were normal at
arthroscopic exploration. It is our clinical experience that the
biceps tendon or the pulley system is very often abnormal in pa-
tients with so-called “isolated supraspinatus tears.”52 This may
explain why we often find abnormalities, such as tenosynovitis,
delamination, subluxation, or hypertrophy with entrapment of
the biceps in the joint during elevation (the hourglass bi-
ceps)52-54. However, a tenodesis was performed only when a bi-
ceps abnormality was discovered, so this study does not allow
(nor was it designed to provide) any conclusions on the effects
of a tenodesis in cuff tears in general. Statistical analysis did not
demonstrate that patients with a biceps tenodesis fared better
than those without a tenodesis, given the numbers available.

The effectiveness and value of the computed tomographic
arthrogram in evaluating tendon healing after cuff repair may
be questioned. Previous investigations into the integrity of the
rotator cuff have included the use of ultrasonography4,30,55,56, ar-
thrography or computed tomographic arthrography4,8,11,29,31,
magnetic resonance imaging5,33,34,57-63, or arthroscopy7,9. Gleyze et
al.8, Goutallier et al.11, and Pasquier and Gazielly64 showed that
computed tomographic arthrography combines the benefits of
arthrography and multiplanar imaging for the shoulder after

surgery. As we were able to look at the arthrogram itself, it pro-
vided a clear view of the so-called watertight cuff (Figs. 6-A,
6-B, and 6-C). Furthermore, in order to limit the number of
false-negative interpretations, we were very strict in our analysis
of the radiographic results. Extravasation of contrast medium
outside the joint or inside the tendon as well as the observance
of a thin tendon were all considered to be anatomical failures,
even if the tendon appeared to be in continuity6,7,27,28.

One potential weakness of the study is that not all pa-
tients wanted to undergo an arthrogram injection. Fourteen
(22%) of our patients declined computed tomographic ar-
thrography and had a magnetic resonance imaging scan only.
One may argue that this diagnostic modality is likely to show
fewer full-thickness recurrent tears than is arthrography.
However, Owen et al.57, Spielmann et al.60, Motamedi et al.61,
and others have demonstrated that the diffuse increased sig-
nal, which is often seen in the tendon after surgery, means, if
anything, that magnetic resonance imaging may have a ten-
dency to overestimate the rate of rerupture. Finally, the follow-
up period in our study was relatively short compared with that
in studies with long-term follow-up of open rotator cuff
repairs65-67. We suspect that the patients with intact repairs, like
many of the patients in those series, will continue to do well or
even improve over time.

Although many factors influence the outcomes of rotator
cuff repair and the optimum surgical technique has yet to be
found, some conclusions can be made from the present study.
First, arthroscopic repair of a supraspinatus tear restores the
structural integrity of the tendon in 70% of shoulders with such
a tear. Second, the restoration of strength is significantly better
in the shoulders in which the repaired tendon is intact, and this
is independent of age. Third, the factors affecting tendon heal-
ing are the patient’s age (tears healed in only 43% of patients
over sixty-five years old) and the extension of the tear in the sag-
ittal plane with associated delamination (or cleavage) of the in-
fraspinatus posteriorly or of the subscapularis anteriorly. The
results of arthroscopic repairs are comparable with those ob-
tained with open or mini-open techniques, and they have given
us the confidence to continue to perform arthroscopic cuff re-
pair using the tension-band suture technique.

Appendix
Tables describing the types of anchors and sutures used
in this study are available with the electronic versions of

this article, on our web site at jbjs.org (go to the article cita-
tion and click on “Supplementary Material”) and on our
quarterly CD-ROM (call our subscription department, at 781-
449-9780, to order the CD-ROM). �
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Posterior Cruciate Ligament 
Replacement with a 

Two-Strand Quadriceps 
Tendon-Patellar Bone Autograft 

and a Tibial Inlay Technique
BY FRANK R. NOYES, MD, AND SUE BARBER-WESTIN, BS

Investigation performed at the Cincinnati Sportsmedicine and Orthopaedic Center and Deaconess Hospital, Cincinnati, Ohio

Background: Complete ruptures of the posterior cruciate ligament alter knee kinematics and may result in functional limita-
tions with sports and daily activities. We prospectively evaluated the functional results and knee stability after posterior cruci-
ate ligament replacement with use of a two-strand quadriceps tendon-patellar bone autograft and a tibial inlay technique.

Methods: Nineteen patients were followed for a mean of thirty-five months postoperatively. All had a chronic knee in-
jury, and eight had additional ligament reconstructions. The results were measured with stress radiography, arthro-
metric testing, and two validated knee-rating instruments.

Results: Eighteen patients rated the knee condition as improved. Before surgery, eleven patients had pain with daily
activities, but only one had such pain at the time of the latest follow-up. Significant improvements were noted for pain,
swelling, giving-way, walking, climbing stairs, squatting, running, jumping, and twisting and turning (all p ≤ 0.05).
Eleven patients returned to low-impact sports, and two patients were able to participate in strenuous sports without
problems. At the time of the latest follow-up, stress radiography revealed that fourteen knees had ≤5 mm of increased
posterior tibial translation between the reconstructed and the contralateral side, three knees had 6 to 10 mm, and two
knees had >10 mm. No knee had an infection, permanent limitation of knee motion, or patellar fracture.

Conclusions: Posterior cruciate ligament replacement produced reasonable subjective, functional, and objective re-
sults in this group of complex, chronic knee injuries. The tibial inlay approach was useful in nine revisions in which
prior tibial tunnels had to be avoided.

Level of Evidence: Therapeutic Level IV. See Instructions to Authors for a complete description of levels of evidence.

omplete rupture of the posterior cruciate ligament al-
ters knee kinematics1-3 and may result in functional
limitations with sports and daily activities4-7. Inconsis-

tent results with regard to the restoration of normal posterior
tibial translation have been noted following single-strand pos-
terior cruciate reconstructions5,8-11. Several factors have been
hypothesized to cause this problem, including graft elongation
from high forces, nonuniform distribution of graft loads, loss
of graft strength during remodeling, improper graft attach-
ment location, inadequate graft pretensioning, and improper
postoperative rehabilitation5,12-14.

In an attempt to improve the results of posterior cru-
ciate ligament reconstruction, two-strand graft constructs
and techniques have been investigated12,15,16, and experimental
studies12,17 have shown a reduction in graft tension and im-
proved load-sharing in these constructs compared with ana-
tomic single-strand reconstructions. Biomechanical in vitro
studies have found that the tibial inlay technique of posterior
cruciate reconstruction is superior to a tibial tunnel tech-
nique in regard to avoidance of graft elongation, failure,
and thinning18-20. However, we are aware of only a few reports
in the English-language literature that have provided short-
term clinical outcomes after reconstruction with two-strand
graft constructs21-23.

The objective of this investigation was to follow pro-
spectively a group of patients who received a two-strand pos-

C

A commentary is available with the electronic versions of this article,
on our web site (www.jbjs.org) and on our quarterly CD-ROM (call our
subscription department, at 781-449-9780, to order the CD-ROM).
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terior cruciate ligament replacement with use of a quadriceps
tendon-patellar bone autograft and a tibial inlay technique.
We hypothesized that this operation would restore posterior
knee stability in a larger percentage of knees compared with
that in a study on a single-strand replacement5, in which
abnormal increases in posterior translation were detected
in thirteen (52%) of twenty-five knees.

Materials and Methods
Patients

etween June 1995 and July 2001, twenty knees in twenty
patients had a two-strand posterior cruciate ligament re-

placement with a quadriceps tendon-patellar bone autograft for
the treatment of a chronic, complete ligament rupture. All pa-
tients provided informed consent to participate in research
follow-up visits and initially agreed to our protocol for follow-
up examinations at one, two, five, seven, and ten years post-
operatively. All patients, except for one who lived outside the
United States and could not return for follow-up, were in-
cluded. Therefore, the study group consisted of nineteen pa-
tients who were followed for a mean of thirty-five months
(range, twenty-four to eighty-four months) postoperatively.
There were fifteen males and four females, and the average age
at the time of surgery was thirty years (range, seventeen to
forty-three years). The operations were done at a mean of
forty-three months (range, four to 216 months) after the
original knee injury.

The indications for the operation were ≥10 mm of in-
creased posterior tibial translation of the injured knee com-
pared with the contralateral knee on posterior drawer or stress
radiography testing and symptoms of knee pain and functional
limitations with activities that had not been resolved after re-
habilitation and conservative treatment. In addition, full giv-
ing-way of the knee (collapse to the ground) was caused by
activities of daily living in five patients, by light recreational
sports in four patients, and by strenuous sports in five pa-
tients. In five of these fourteen knees, a concurrent anterior
cruciate ligament, medial collateral ligament, or posterolateral
complex (fabellofibular ligament, arcuate ligament, popliteo-

fibular ligament, and popliteus muscle and tendon) injury was
also present that required surgical correction with the posterior
cruciate ligament replacement. The original knee injuries oc-
curred during sports in nine patients, as a result of a motor-
vehicle accident in eight, and in a work-related incident in two.

Thirty-four operative procedures had been done in thir-
teen knees (Table I) before the posterior cruciate ligament two-
strand replacement. These included fifteen posterior cruciate lig-
ament procedures in nine knees. Reconstruction of other knee
ligaments had been done in eight knees, and a high tibial oste-
otomy for varus malalignment had been done in four knees.

Evaluation Methods
The results of the posterior cruciate ligament replacements
were measured with a knee examination, stress radiography,
a KT-2000 arthrometer, the Cincinnati Knee Rating System24,
and the International Knee Documentation Committee (IKDC)
system25.

The objective evaluation of posterior tibial displacement
before the operation and at the most recent follow-up evalua-
tion was done with use of stress radiography of both knees by
one experienced radiographic technician26. An X-Stress device
(SAMO, Bologna, Italy) was used to apply an 89-N force to the
proximal part of the tibia. A lateral radiograph was made of
each knee at 90° of flexion. The limb was placed in neutral ro-
tation with the tibia unconstrained and the quadriceps re-
laxed. The difference in posterior tibial displacement between
the reconstructed knee and the contralateral knee was re-
corded. The results of the stress radiographs were used to place
the knees into one of four ligament categories designated by the
IKDC system25. Category A indicates <3 mm of increased trans-
lation; B, 3 to 5 mm; C, 6 to 10 mm; and D, >10 mm.

The total amount of anterior-posterior knee displace-
ment was measured with a KT-2000 arthrometer (MedMet-
ric, San Diego, California) at 25° (134 N) and 70° (89 N) of
knee flexion before the operation and at the time of the latest
follow-up by one experienced clinical assistant. We measured
total anterior-posterior displacement, as we believe that this is
more accurate than attempting to set a neutral point between
anterior and posterior tibial displacement26,27. The difference
in the measurements between the reconstructed and the con-
tralateral knee was used for analysis. One patient who had an
anterior cruciate ligament rupture on the contralateral knee
was excluded from the objective measurement testing.

The posterior drawer test (palpation of the medial ti-
biofemoral step-off) was done at 90° of knee flexion, and the
difference in posterior tibial translation between the recon-
structed knee and the contralateral knee was recorded. The
results were designated according to the IKDC categories de-
scribed above.

All patients had a knee examination, which included
assessment of knee stability, alignment-related factors, and
gait abnormalities. The pivot-shift test was recorded on a
scale of 0 to 3, with a grade of 0 indicating no pivot shift;
grade 1, a slip or glide; grade 2, a jerk with gross subluxation
or clunk; and grade 3, gross subluxation with impingement

B

TABLE I Operative Procedures Done Before the Posterior 
Cruciate Ligament Two-Strand Quadriceps 
Tendon Replacement

Type of Procedure
No. of 

Procedures

Posterior cruciate ligament reconstruction 15

Anterior cruciate ligament reconstruction 4

Medial collateral ligament repair 2

Lateral collateral ligament reconstruction 2

High tibial osteotomy 4

Meniscectomy (partial or total) 5

Meniscal repair 2

Total 34
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of the posterior aspect of the lateral side of the tibial plateau
against the femoral condyle. We assessed varus-valgus rota-
tions and tibiofemoral rotational subluxations28. During the
operation, we also measured the millimeters of medial and
lateral tibiofemoral joint opening with a calibrated nerve
hook at 30° of knee flexion under load using the gap test29.
For patients who required additional knee ligament replace-
ments, the results of those procedures were classified accord-
ing to the IKDC system25.

All patients completed questionnaires and were inter-
viewed by a research assistant for the assessment of symptoms,
functional limitations, sports and occupational activity levels,
and patient perception of the overall knee condition according
to the Cincinnati Knee Rating System24. We additionally com-
pleted the IKDC overall knee evaluation, which places patients
into a group designated A, B, C, or D on the basis of the find-
ings of twenty-five factors assessed on physical examination.

The appearance of the articular cartilage was classified
during the posterior cruciate ligament replacement by a pre-
viously described method30. The articular cartilage was rated
as abnormal if there was a lesion of ≥15 mm in diameter and
fissuring and fragmentation of more than one-half of the
depth of the involved articular surface, or if any subchondral
bone was exposed.

Surgical Procedures
The arthroscopically assisted tibial inlay approach was per-
formed in a manner that has been previously described23,31.
The quadriceps tendon-patellar bone graft was taken from the
ipsilateral or contralateral limb32. A 12-mm-wide tendon graft
with a length of 90 to 110 cm was removed and split longitudi-
nally through all three layers (Figs. 1-A and 1-B). The patel-
lar bone graft was 22 mm long by 12 mm wide by 8 mm deep.
Each strand was sutured with four number-2 nonabsorbable
sutures with use of a baseball locking whip-stitch with two or
three throws on each end of the tendon graft. Each graft
strand was sized to 7 or 8 mm in diameter.

The femoral attachment of the native posterior cruciate
ligament was identified when possible. The attachment shape
was previously shown to be elliptical, but it may vary in ante-
rior-to-posterior width and length13. It extends from high in
the notch (twelve o’clock) to approximately five o’clock, occu-
pying the distal one-third of the lateral wall of the medial fem-
oral condyle (Figs. 2-A and 2-B). The most distal portion
follows the articular cartilage, at 3 mm from the edge, down to
five o’clock where the footprint is 5 mm from the edge. The
proximal portion is 11 to 12 mm from the articular edge high
in the notch13,33. The posterior cruciate ligament attachment
was divided into anterior, middle, and posterior thirds with a

Fig. 1-A

Fig. 1-A Quadriceps tendon harvest. Fig. 1-B Quadriceps tendon preparation. (Reprinted, with permission, from: Noyes FR, 

Barber-Westin SD, Grood ES. Newer concepts in the treatment of posterior cruciate ligament ruptures. In: Insall JN, Scott 

WN, editors. Surgery of the Knee. Volume 1. 3rd ed. Philadelphia: Churchill Livingstone; 2001. p 858-9.)

Fig. 1-B
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small posterior oblique portion34. The distal-to-proximal por-
tions were also divided into distal, middle, and proximal
thirds. This provided a grid for the identification of the tunnel
locations for both graft strands. The anterior and posterior
meniscofemoral ligaments were disrupted in the knees in this
investigation; however, when present, they should be pre-
served. The attachment was mapped with a calibrated probe
with marks made on the cartilage edge with electrocautery.

The posterior cruciate ligament femoral template (Acufex,
Smith and Nephew, Andover, Massachusetts) was used to de-
fine the placement of the two femoral tunnels sized to each

strand diameter. The femoral tunnels were drilled in a retro-
grade manner by elevating the distal attachment of the vastus
medialis muscle anterior to the femoral epicondyle. The guide-
pin was positioned on the anteromedial aspect of the femur 15
mm proximal to the articular cartilage. For a left knee, the first
guide-pin exited at the eleven o’clock position, 6 mm proximal
to the cartilage edge. This placed the tunnel in the anterior one-
third of the posterior cruciate ligament attachment and in the
distal and middle one-thirds of the attachment in the distal-
to-proximal plane. The second guide-pin was placed at nine
o’clock, 8 mm proximal to the cartilage edge. This placed the

Fig. 2-A

Fig. 2-A The posterior cruciate ligament attachment is divided into anterior, middle, and posterior thirds with a small postero-oblique portion. 

Fig. 2-B The proximal-to-distal portions are also divided into distal, middle, and proximal thirds. This provides a grid for the identification of poste-

rior cruciate ligament tunnel locations. (Reprinted, with permission, from: Noyes FR, Medvecky MJ, Bhargava M. Arthroscopically assisted quadri-

ceps double-bundle tibial inlay posterior cruciate ligament reconstruction: an analysis of techniques and a safe operative approach to the popliteal 

fossa. Arthroscopy. 2003;19:897.)

Fig. 2-B

TABLE II Symptoms and Functional Limitations Before and After Posterior Cruciate Ligament Replacement 

Factor Point Scale Preoperative Score* Follow-up Score* P Value

Pain 0-10 3.4 ± 1.8 6.6 ± 2.6 <0.0001

Swelling 0-10 4.3 ± 2.3 7.4 ± 2.4 <0.001

Giving-way 0-10 5.6 ± 3.1 8.3 ± 2.6 <0.001

Patient perception 1-10 3.2 ± 1.2 6.5 ± 2.1 0.0001

Walking 0-40 29 ± 8 37 ± 9 <0.01

Stair climbing 0-40 29 ± 7 34 ± 10 <0.05

Squatting 0-40 10 ± 14 21 ± 16 0.05

Running 40-100 44 ± 11 72 ± 25 <0.001

Jumping 40-100 43 ± 10 62 ± 25 <0.01

Twisting 40-100 44 ± 11 64 ± 26 <0.01

*The values are given as the mean and the standard deviation.
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second tunnel in the middle and posterior one-thirds (anterior-
to-posterior plane) of the posterior cruciate ligament attach-
ment and in the distal and middle one-thirds of the attachment
in the distal-to-proximal plane. All tunnel edges were smoothed
with a rasp to decrease abrasion.

The posteromedial knee exposure was performed as
has been described31. The patient was rolled to the operative
side, the tourniquet was inflated, and the knee was placed in
the figure-four knee position. The foot was placed on a well-
padded Mayo stand, elevated to lift the knee away from the
table. The surgeon and the assistant were seated with opera-
tive headlights on, looking directly at the operative site.

A 7 to 8-cm longitudinal posteromedial incision was
made just proximal to the knee flexion crease, carried distally
over the medial head of the gastrocnemius and medial to the
semitendinosus tendon. The pes anserinus tendons were re-
tracted anteriorly to visualize the interval between the semi-
membranosus tendon insertion and the medial head of the
gastrocnemius muscle. The oblique popliteal expansion of
the semimembranosus was identified and partially cut to im-
prove exposure. An s-shaped retractor was then placed to lift
the semimembranosus tendon, and the medial head of the
gastrocnemius was retracted laterally, exposing the posterior
capsule and popliteus muscle. Two Steinmann pins placed
under direct visualization retracted the medial head of the
gastrocnemius.

The posterior cruciate ligament tibial attachment was
identified as a midline proximal tibial depression. Knowl-
edge of the posterior vascular anatomy is required to avoid
complications and recognize vascular abnormalities35. The
posterior capsule was incised along the medial femoral
condyle and was dissected to identify the posterior cruciate
ligament attachment. Distal dissection subperiosteally was
performed beneath the popliteus muscle belly, protecting the
popliteal artery and its branches31. A rectangular tibial inlay
slot to match the patellar bone was cut with an osteotome
to position the graft against the posterior part of the tibia
without recessing it. The patellar bone was attached with

two 4.5-mm cannulated screws (Figs. 3-A and 3-B).
The nine o’clock and eleven o’clock soft-tissue graft

TABLE III Sports Activity Levels Before and After Posterior Cruciate Ligament Replacement

Type of Sport
Preoperative Evaluation 

(No. of Patients)
Follow-up Evaluation 

(No. of Patients)

Jumping, hard pivoting, cutting 0 2

Running, twisting, turning 1 2

Swimming, bicycling 7 11

None 11 4

Change in sports activities

Increased level, no symptoms 8

Same level, no symptoms 4

Decreased level, no symptoms 1

Playing with symptoms 2

No sports, knee-related reasons 3

No sports, non-knee-related reasons 1

Fig. 3-A

Figs. 3-A and 3-B The tibial inlay technique for posterior cruciate liga-

ment reconstruction. Fig. 3-A Femoral fixation is accomplished through 

two bone tunnels placed at nine o’clock and eleven o’clock with use of 

sutures tied around a post and interference screws.
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strands were passed through the joint and respective femoral
tunnels with two wire loops previously angulated into the pos-
teromedial capsular recess. The tourniquet was deflated, he-
mostasis was controlled, and closure was performed (Figs. 4-A
and 4-B).

Arthroscopic visualization of the graft confirmed proper
placement of both strands prior to fixation. With approxi-
mately 45-N graft tension on each strand, the graft was condi-
tioned (the knee was flexed thirty times) through a full range
of motion followed by fixation to a staple post at 90° of flex-
ion, with an approximate 89-N anterior drawer. The 90° knee
flexion angle was chosen as the most ideal angle on the basis of
previous biomechanical studies12,14. A soft-tissue interference
screw for each tunnel was added. Arthroscopic evaluation of
the graft confirmed tension, fixation, and return of stability.
The graft harvest site was closed, and the patellar defect was
grafted with bone obtained from a core tunnel reamer at the
femoral site.

Additional Operative Procedures
Additional ligament procedures were done in eight knees.
Four had a proximal advancement of the posterolateral
complex36, two had reconstruction of the medial collateral lig-
ament with a semitendinosus autograft, one had reconstruc-
tion of the anterior cruciate ligament with a patellar tendon
autograft, and one had reconstruction of the lateral collateral
ligament with a semitendinosus and gracilis autograft32, a
proximal advancement of the posterolateral complex, and re-
construction of the anterior cruciate ligament with an al-
lograft. One knee had a repair of a peripheral meniscal tear,
and one had a meniscal allograft implanted37.

In patients with both cruciate ligaments ruptured, it was
difficult to determine the neutral anterior-posterior tibial po-
sition and the following steps were required. First, the knee
was placed at 0° of extension with approximately 89 N of ten-
sion on the anterior cruciate and posterior cruciate ligament
grafts. This provided a reference point. Second, the knee was
flexed to 90°, making sure that the tension and lengths of the
anterior cruciate and posterior cruciate ligament grafts were
maintained. Third, the normal 10-mm step-off of the medial
tibiofemoral joint was palpated. Fourth, the arthroscope was
placed in the knee joint and the normal anterior position of
the tibia, with the medial and lateral meniscal attachments
and the femoral condyles verified. These steps avoided an an-
terior tibial subluxation position. It was not necessary to ob-
tain a 90° lateral radiograph in the operating room; however,
this would be an option if the correct tibiofemoral position

Photographs made at the time of surgery show guide-pin placement (top), 

location of both femoral tunnels (middle), and subsequent placement of 

two quadriceps tendon graft strands (bottom). MFC = medial femoral 

condyle. (Modified from: Noyes FR, Barber-Westin SD, Grood ES: Newer 

concepts in the treatment of posterior cruciate ligament ruptures. In: Insall 

JN, Scott WN, editors. Surgery of the Knee. Volume 1. 3rd ed. Philadelphia: 

Churchill Livingstone; 2001. p 861. Reprinted with permission.)

Fig. 3-B
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could not be verified26. The order of the surgical steps in graft
placement and fixation in multiple knee ligament reconstruc-
tions has been previously defined in detail27.

Postoperative Rehabilitation
The rehabilitation program protected the graft from high
forces and repetitive cyclic knee motions during the first four
weeks14. Patients were allowed to bear 25% of their body
weight for the first four weeks with the knee in full extension
in a hinged brace, and they progressed to 50% of their body
weight at five to six weeks postoperatively. Full weight-bearing
(with the brace unlocked) was allowed at seven to eight weeks
postoperatively on the basis of the return of muscle strength
and control of the lower extremity.

Patients wore the knee brace for eight weeks postoper-
atively, including at night. The total number of daily knee
motion cycles was empirically limited to sixty (twenty cycles,
three times a day, from 0° to 110°) for the first four postoper-
ative weeks to decrease graft abrasion at the tunnel exits.
Knee flexion was gradually progressed to 135° by the seventh
to eighth postoperative week. Any patient who could not

achieve knee motion goals was placed into a treatment pro-
gram as previously described38. No full flexion or squatting
activities were allowed. Hyperextension to a maximum of 3°
was allowed.

Quadriceps exercises were progressed from closed to
open chain, consistent with weight-bearing rules. Hamstring
isotonic exercises were initiated at eight weeks. Patients were
advised to avoid weighted squats of >45° of flexion and also
downhill or deceleration activities. A running program was
initiated at nine months if the patient had isokinetic quadri-
ceps and hamstring strength that was 70% of that of the con-
tralateral limb and no pain, swelling, or cartilage damage.
Sport-specific drills were begun at nine months, and full ath-
letic participation was begun at twelve months if there were no
contraindications such as noteworthy articular cartilage dam-
age, prior meniscectomy, or loss of stability.

Statistical Methods
In order to evaluate the primary study outcomes (posterior
cruciate ligament graft function, pain, and patient perception
scores), the sample-size calculations and the power to detect

Fig. 4-A

Anteroposterior (Fig. 4-A) and lateral (Fig. 4-B) radiographs made immediately following posterior cruciate ligament tibial inlay reconstruction with a 

two-strand quadriceps tendon-patellar bone autograft. The patient also required a proximal advancement of the posterolateral complex. The arrows 

show the location of the two tunnels in the medial femoral condyle.

Fig. 4-B
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a difference between the mean scores at the preoperative and
the follow-up evaluation were determined by an independent
statistician. With nineteen patients in this study, it was found
that the investigation had sufficient power (80%) to detect dif-
ferences of at least 2 points between the mean scores at the
preoperative and follow-up evaluations with respect to pain
and patient perception and a difference of ≥5 mm in the mean
objective measurements of posterior tibial translation between
the preoperative and follow-up evaluations, at a significance
level of 0.05.

The chi-square test or the Fisher exact test (when the ex-
pected frequencies were too small for the chi-square test) were
used to assess categorical data. Paired and unpaired Student t
tests were used to determine differences in continuous data
between preoperative and postoperative data. A senior research
associate, who did not collect any of the data used in this
study, conducted these analyses.

Results
Objective Measurement of 
Posterior Tibial Translation

or all nineteen knees, the mean increase (and standard
deviation) in posterior tibial translation (compared with

that of the contralateral knee) on stress radiography im-
proved from 11.6 ± 2.9 mm preoperatively to 5.5 ± 2.8 mm
at the time of the latest follow-up (p < 0.0001). Fourteen
knees had ≤5 mm of increased posterior tibial translation,
three knees had 6 to 10 mm, and two knees had >10 mm.
Preoperatively, all knees were graded C or D according to the
IKDC system and the stress radiographic data. At the time of
the latest follow-up, two knees were graded A, twelve knees
were graded B, three knees were graded C, and two knees
were graded D. The residual posterior tibial translation mea-
sured on stress radiography is shown in Figure 5.

For all patients tested, the mean increase in anterior-
posterior displacement (compared with the contralateral knee)

on arthrometric testing with the knee at 20° of flexion im-
proved from 10.8 ± 3.0 mm preoperatively to 2.0 ± 2.2 mm at
the time of the latest follow-up (p = 0.005). With the knee at
70° of flexion, it improved from 10.4 ± 2.9 mm preoperatively
to 2.3 ± 2.2 mm at the time of the latest follow-up (p = 0.004)
(Fig. 6).

Before the operation, all knees were graded C or D on
the posterior drawer test. At the time of the latest follow-up,
one knee was graded A, fourteen knees were graded B, and
four knees were graded C.

F

Fig. 6

Distribution of residual posterior tibial translation at 20° and 70° of 

knee flexion on KT-2000 testing at the most recent follow-up evaluation.

Fig. 5

Distribution of residual posterior tibial transla-

tion at 90° of knee flexion on stress radiogra-

phy at the most recent follow-up evaluation.
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Results of Additional Knee Ligament 
Procedures and Knee Examination
Preoperatively, two patients who had a grade-3 pivot shift had
an anterior cruciate ligament reconstruction. At the time of the
latest follow-up, both had a grade-1 pivot shift (glide) and an
increase of 3 to 5 mm in total anterior-posterior displacement
(compared with the contralateral knee) on arthrometric testing.

Preoperatively, two knees that had >10 mm of increased
medial tibiofemoral joint opening had a medial collateral liga-
ment reconstruction. At the time of the latest follow-up, one
knee had no increase and one knee had 4 mm of increased
medial tibiofemoral joint opening compared with the con-
tralateral limb at 25° of knee flexion.

Before the operation, four knees had >10 mm of in-
creased lateral tibiofemoral joint opening and 20° to 30° of
increased external tibial rotation compared with the con-
tralateral limb. These knees had a proximal advancement of
the posterolateral complex. At the time of the latest follow-
up, no increases in lateral tibiofemoral joint opening or exter-
nal tibial rotation (compared with the contralateral limb)
were detected.

Preoperatively, one knee had 20 mm of increased lateral
tibiofemoral joint opening and 30° of increased external tibial
rotation compared with the contralateral limb. A semitendi-
nosus-gracilis autograft reconstruction of the lateral collat-
eral ligament was done32 along with a proximal advancement
of the posterolateral complex. At the time of the latest follow-
up, the knee had 3 mm of increased lateral tibiofemoral joint
opening at 25° of knee flexion and no increase in external tib-
ial rotation at either 30° or 90° of knee flexion compared with
the contralateral limb.

At the time of the latest follow-up, no patient had a knee
joint effusion, and all patients had at least 0° to 135° of knee
motion. Fourteen knees were graded B in the overall IKDC
ratings, three were graded C, and two were graded D. The five

knees graded C or D received the rating because of posterior
drawer or stress radiography test results.

Functional Outcome
The mean scores for symptoms and functional limitations be-
fore the operation and at the latest follow-up evaluation are
shown in Table II. Before the operation, eleven patients had
moderate-to-severe pain with daily activities, but only one pa-
tient had such pain at the time of the latest follow-up (see Ap-
pendix). All but three patients had improvement in the pain
score. Before the operation, five patients had moderate-to-
severe swelling with daily activities and eight patients had
swelling with any sports activities (see Appendix). At the time
of the latest follow-up, one patient had swelling with daily ac-
tivities and two patients had swelling with any sports activity.
Before the operation, five patients had full giving-way of the
knee with daily activities and four patients had giving-way
with any sports activities (see Appendix). At the time of the
latest follow-up, one patient had giving-way with daily activi-
ties and two patients had giving-way with any sports activity.
Eighteen patients rated the condition of the knee as improved,
and one patient rated the knee condition as worse (Fig. 7).

Before the operation, six patients had severe limitations
with normal walking, but only one patient had such problems
at the time of the latest follow-up. Preoperatively, five patients
had severe limitations with climbing stairs, and only one pa-
tient had such problems at the time of the latest follow-up. Be-
fore the operation, fourteen patients had severe limitations
with squatting, and eight patients had such problems at the
time of the latest follow-up.

Preoperatively, eighteen patients had severe limitations
with straight running, jumping, and twisting and cutting. At
the time of the latest follow-up, eight patients had severe limita-
tions with running, twelve had severe limitations with jump-
ing, and eleven had severe limitations with twisting and cutting.

Fig. 7

Distribution of the categories for patient per-

ception of the knee condition preoperatively 

and at the most recent follow-up evaluation. 

The difference in the distribution of the re-

sponses between evaluations was significant 

(p < 0.0001).
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Before the operation, eight patients participated in
light sports activities and all had substantial problems (Table
III). At the time of the latest follow-up, eleven patients were
able to participate in low-impact sports without problems and
two patients were able to participate in more strenuous sports
without problems. Two patients with symptoms participated
against advice. Three patients did not return to sports be-
cause of the knee condition, and one patient did not return to
sports because of reasons not related to the knee condition.

Before the operation, six patients were disabled, five
were able to work with symptoms and limitations, three were
able to work without problems, and five were not in the
workforce. At the time of the latest follow-up, one patient was
disabled, eleven were able to work without limitations or
symptoms, two were working in strenuous occupations with
symptoms, and five were not in the workforce.

Articular Cartilage Findings
Abnormal articular cartilage surfaces were found during the op-
eration in eight knees and were located in one compartment in
three knees and in multiple compartments in five knees. The ar-
eas of cartilage damage were the patellofemoral compartment
in two knees, the medial tibiofemoral compartment in seven
knees, and the lateral tibiofemoral compartment in one knee.
A difference was noted between patients with normal carti-
lage and those with abnormal cartilage surfaces with respect
to the mean scores at the most recent follow-up evaluation
for the patient rating of the overall knee condition (7.3 ±
1.5 and 5.4 ± 2.2 points, respectively; p = 0.05), squatting
(29 ± 11 and 10 ± 14 points, respectively; p = 0.005), and run-
ning (82 ± 21 and 57 ± 25 points, respectively; p < 0.05).

Isolated Compared with Combined 
Knee Ligament Reconstructions
Seven knees in the isolated replacement subgroup were graded
B in the overall IKDC rating at the latest follow-up, three
knees were graded C, and one knee was graded D. In the ad-
ditional ligament reconstruction subgroup, seven knees were
graded B and one knee was graded D.

The mean increase in posterior tibial translation on
stress radiography in the eleven knees that had isolated re-
placement improved from 11.6 ± 2.9 mm preoperatively to
5.1 ± 2.5 mm at the time of the latest follow-up. In the eight
knees that had additional ligament reconstruction, the mean
increase in posterior tibial translation on stress radiography
improved from 10.8 ± 2.6 mm preoperatively to 6.2 ± 3.4
mm at the time of the latest follow-up.

The mean pain score in the isolated replacement sub-
group was 3.1 ± 1.9 points preoperatively and 6.9 ± 2.3 points
at the time of the latest follow-up. In the subgroup of patients
who had additional ligament reconstruction, the mean pain
score of 3.8 ± 1.7 points before surgery improved to 6.2 ± 3.1
points at the latest follow-up evaluation.

The mean score for patient perception in the isolated re-
placement subgroup was 3.1 ± 1.0 points preoperatively and
6.6 ± 1.8 points at the latest follow-up examination. In the sub-

group of patients who had additional ligament reconstruction,
the mean score for patient perception was 3.4 ± 1.5 points before
surgery and improved to 6.2 ± 2.5 points at the latest follow-up
evaluation. With the numbers available, there appeared to be no
difference between the subgroups with respect to the mean pain
or patient perception scores at the time of follow-up.

Complications
Three patients (two who had an isolated replacement and one
who had a combined ligament reconstruction) had a gentle
manipulation under anesthesia between the fourth and eighth
postoperative week for a limitation of knee motion, following
a protocol for early treatment of knee motion problems38. One
patient who had an additional anterior cruciate ligament re-
construction and a meniscal allograft had an arthroscopic lysis
of adhesions.

One patient had an onset of instability symptoms six
months postoperatively, and an arthroscopic examination
showed the quadriceps tendon graft to be intact but lax. The graft
was freed from its tibial attachment and was advanced distally.

Discussion
his report provides clinical outcome data on a consecutive
group of patients who received a quadriceps tendon-

patellar bone autograft with use of a tibial inlay technique for a
chronic posterior cruciate ligament rupture. Our goals were to
determine whether this operation restored posterior knee sta-
bility and decreased the symptoms and functional limitations in
a group of patients with long-standing complex knee injuries.
This study had limitations, including a relatively short follow-
up period of twenty-four to eighty-four months and population
heterogenicity due to the additional ligament injuries requiring
reconstruction. The size of our population did not allow for sta-
tistical comparisons with adequate power to be made between
knees that had the posterior cruciate ligament replacement
alone and those that had combined ligament reconstructions.

All patients except for one rated the knee condition as
improved. Still, the analysis of symptoms and functional limi-
tations demonstrated residual problems that prevented the
majority from returning to strenuous sports activities. Four-
teen of nineteen knees had compounding problems of articu-
lar cartilage damage, prior meniscectomy, additional ligament
procedures, or osteotomy. Only two patients returned to
strenuous sports activities without problems. Eleven others
returned to low-impact sports, in part on the basis of our ad-
vice to avoid strenuous activities because of noteworthy joint
arthritis. We believe that early operative treatment of com-
plete posterior cruciate ligament ruptures is warranted in ath-
letically active patients32.

The posterior cruciate ligament is a complex structure
comprised of a continuum of fibers of different lengths and at-
tachment characteristics39-41. Furthermore, data from prior
studies have shown that single-strand grafts are inconsistent
in restoring posterior knee stability5,8-11. We believe that single-
strand grafts cannot replace important posterior cruciate liga-
ment load-sharing fibers in the distal and posterior thirds of

T
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the femoral attachment, which are most ideally suited to resist
posterior translation with knee flexion12,14. We hypothesized
that the two-strand quadriceps tendon-patellar bone graft
would better restore posterior knee stability, and fourteen of
the nineteen knees had an increase in posterior tibial displace-
ment of ≤5 mm compared with the contralateral knee on
stress radiography.

The knee arthrometer is the device most frequently
used by investigators to measure posterior tibial translation
following posterior cruciate ligament replacement. However,
it underestimates the true amount of residual posterior trans-
lation in knees with a posterior cruciate ligament injury and
in reconstructed knees26,42,43. In this investigation, the mean
increase in posterior tibial translation measured by the knee
arthrometer (at 70° of flexion) was 2.3 ± 2.2 mm compared
with 5.5 ± 2.8 mm detected by stress radiography. We recom-
mend that future studies use arthrometric measurements of
total anterior-posterior translation at 20° of flexion and stress
radiography at 90° of flexion to provide valid measurements
of posterior tibial translation.

The quadriceps tendon graft has approximately three
times the cross-sectional area of the patellar tendon and is
long enough to fashion two separate 7 to 8-mm-diameter
graft strands44,45. Other investigators have used the quadriceps
tendon for single-bundle posterior cruciate ligament grafts
with minimal donor-site morbidity8,9,46. In our series, no pa-
tient reported anterior knee pain at the graft harvest site. The
use of this autograft does make the initial knee rehabilitation
more difficult because of the graft site and quadriceps muscle
pain, but these problems normally resolve uneventfully. We
realize that in acute injury situations, or in dislocated knees
that require multiple ligament reconstructive procedures, it
may not be advisable to use an autogenous quadriceps graft
and we recommend the use of allografts.

We placed one graft strand in the anterior one-third of
the posterior cruciate ligament femoral attachment and the
second strand in the middle-to-posterior thirds of the femoral
attachment; both strands were tensioned and fixed at 90° of
knee flexion. The placement and tensioning principles were
based on data from biomechanical studies of graft length-
tension behavior at different femoral attachment sites12,14.
The tibiofemoral separation distance of the posterior cruciate
ligament fibers increases with knee flexion47. We therefore ten-
sioned and fixed both graft strands at the knee flexion position
of the largest tibiofemoral separation distance possible.

The system we propose for dividing the femoral attach-
ment site of the posterior cruciate ligament into a grid system
increases the precision of graft strand placement13. All of the
knees in our series had disrupted anterior and posterior me-
niscofemoral ligaments that could not be salvaged. However, it
has been our clinical experience that in some knees these

structures are intact. If that is the case, we preserve the struc-
tures, when possible, provided that they do not prevent proper
graft placement.

Biomechanical in vitro studies of posterior cruciate liga-
ment reconstruction techniques have found that the tibial in-
lay technique is superior to a tibial tunnel technique in regard
to avoidance of graft elongation, failure, and thinning18-20,48.
The intact posterior cruciate ligament is under two to three
times the magnitude of applied posterior tibial loads because
of the oblique orientation of its fibers between the femoral
and tibial attachment sites12,33,47, and the femoral attachment is
more complex than the tibial attachment12,13,33,47. Therefore, a
graft is subjected to asymmetrical loading, creating the poten-
tial for elongation and abrasion, which is most pronounced at
the femoral attachment region. For these reasons, we empiri-
cally limit the number of knee flexion cycles in the first four
postoperative weeks to allow initial graft healing at the attach-
ment sites.

We believe that the tibial inlay method offers the advan-
tages of superior fixation and graft healing at the tibial site.
Furthermore, it may be the only practical choice in revision
procedures in order to avoid previously placed tibial tunnels.
In this study, the tibial inlay approach was useful in nine revi-
sions in which prior tibial tunnels had to be avoided. The dis-
advantages of the tibial inlay technique include increased
operative time and added risks due to the proximity of the
posterior neurovascular structures35.

Appendix
Figures depicting pain, swelling, and giving-way preop-
eratively and at the most recent follow-up evaluation are

available with the electronic versions of this article, on our
web site at jbjs.org (go to the article citation and click on
“Supplementary Material”) and on our quarterly CD-ROM
(call our subscription department, at 781-449-9780, to order
the CD-ROM). �
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Cost-Utility Analyses 
in Orthopaedic Surgery
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Investigation performed at Harvard Center for Risk Analysis, Harvard School of Public Health, Boston, Massachusetts

Background: The rising cost of health care has increased the need for the orthopaedic community to understand
and apply economic evaluations. We critically reviewed the literature on orthopaedic cost-utility analysis to determine
which subspecialty areas are represented, the cost-utility ratios that have been utilized, and the quality of the present
literature.

Methods: We searched the English-language medical literature published between 1976 and 2001 for orthopaedic-
related cost-utility analyses in which outcomes were reported as cost per quality-adjusted life year. Two trained review-
ers independently audited each article to abstract data on the methods and reporting practices used in the study as
well as the cost-utility ratios derived by the analysis.

Results: Our search yielded thirty-seven studies, in which 116 cost-utility ratios were presented. Eleven of the stud-
ies were investigations of treatment strategies in total joint arthroplasty. Study methods varied substantially, with only
five studies (14%) including four key criteria recommended by the United States Panel on Cost-Effectiveness in Health
and Medicine. According to a reader-assigned measure of study quality, cost-utility analyses in orthopaedics were of
lower quality than those in other areas of medicine (p = 0.04). While the number of orthopaedic studies has in-
creased in the last decade, the quality did not improve over time and did not differ according to subspecialty area or
journal type. For the majority of the interventions that were studied, the cost-utility ratio was below the commonly
used threshold of $50,000 per quality-adjusted life year for acceptable cost-effectiveness.

Conclusions: Because of limitations in methodology, the current body of literature on orthopaedic cost-utility analy-
ses has a limited ability to guide policy, but it can be useful for setting priorities and guiding research. Future re-
search with clear and transparent reporting is needed in all subspecialty areas of orthopaedic practice.

Level of Evidence: Economic and decision analysis, Level III. See Instructions to Authors for a complete description
of levels of evidence.

linical programs for patients with musculoskeletal dis-
orders are faced with numerous harsh realities: an ag-
ing population requiring more medical intervention,

rapidly emerging newer and often more expensive technolo-
gies, and fixed budgets. Economic evaluation of orthopaedic
surgical treatments is an important area of study that requires
high-quality information if it is to be useful to surgeons and
policy makers.

Cost-utility analysis is a type of economic analysis that is
used to assess the value of an intervention in terms of improv-
ing both quality and quantity of life. (This term as well as
many others used in this field is defined in a glossary at the
end of this article.) “Utility” refers to an individual’s or soci-
ety’s preference for a particular set of health outcomes. Many
tools have been developed to aid researchers in estimating a
patient’s preference for a specific health state, which is then
used to calculate quality of life. These tools include generic in-
struments (e.g., the EQ-5D1, the Health Utilities Index [HUI]2,

and the Quality of Well Being [QWB] Index3), which link in-
formation from general questionnaires with separately de-
rived preferences for health states, and direct measurement
techniques, with which a group of subjects is asked directly to
provide information about their preferences for a set of health
states with use of time-trade-off, standard-gamble, or rating-
scale methods (see Glossary). The goal of all of these ap-
proaches is to derive measures that can then be used in utility
and cost-utility analyses.

Cost-utility analysis is useful for comparing health treat-
ments or programs that may differ in terms of their effects on
morbidity as opposed to only mortality. The incremental cost of
an intervention is compared with the incremental health effects
of the intervention, and the result usually is expressed as a cost
per quality-adjusted life year gained (see Glossary). By combin-
ing quality and duration of life into a single metric, the quality-
adjusted life year allows for comparisons across a broad array of
interventions for the same condition and across different condi-

C
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tions. Consequently, cost-utility analysis is considered the gold
standard for reporting the results of economic evaluations in
the medical literature4-7.

We are not aware of any systematic and comprehensive
audits of the cost-utility literature in orthopaedics. We there-
fore conducted a systematic review of original cost-utility
analyses of orthopaedic surgery in the medical literature. Our
objectives were (1) to provide a resource listing published
cost-utility ratios that can be used by clinicians and policy
makers for decision-making, (2) to identify areas within or-
thopaedic surgery that may benefit from further economic
evaluation, and (3) to critically review the conduct and re-
porting of cost-utility analyses of orthopaedic surgery to iden-
tify opportunities for improvement as these studies play an
increasing role in informing health policy decisions.

Materials and Methods
his study was part of a larger study in which all cost-utility
analyses in medicine were reviewed8,9. Study details, in-

cluding information on the cost-utility ratios9, utility values10,
and reporting practices8, are described elsewhere in detail, and
a comprehensive registry of these studies is available as a pub-
lic-use data file at www.hsph.harvard.edu/cearegistry.

As part of this larger study, a computerized search re-
stricted to the English-language literature was performed with
use of the medical subject headings and/or text keywords
“quality-adjusted,” “QALY,” and “cost-utility.” The search was
conducted with use of Medline, for the years 1976 through
2001. We validated our search findings with use of the Health
Economic Evaluations Database maintained by the British Of-
fice of Health Economics11. One of us (C.A.B.) then reviewed
the articles to determine whether they were orthopaedic-
related and appropriate for inclusion. Two trained reviewers
independently abstracted data on whether or not the interven-
tion, comparison, study perspective, and funding source were
clearly defined; on the utility measurement technique and
source; on whether or not incremental analyses, discounting,
and sensitivity analyses were appropriately reported; and on
the collection and presentation of the cost data and the cost-
utility ratios (see Glossary). The journals were divided into
three groups: general medical or surgical, medical or surgical
subspecialty, and methods or policy. The reviewers met to
reach a consensus on the results, and a third reviewer adjudi-
cated any discrepancies.

The quality of each paper was subjectively rated on a
7-point Likert scale on the basis of criteria derived from
selected recommendations of the United States Panel on Cost-
Effectiveness in Health and Medicine5,6. The panel recom-
mended the use of a societal perspective, community or patient
sources for utility estimates, appropriate incremental compar-
isons, sensitivity analysis, and appropriate discounting of costs
and health benefits at the same rate5.6. To allow comparisons
across countries and between different years, all cost-utility
ratios were converted into real 2002 United States dollars with
use of the foreign exchange factor (Federal Reserve Bank of St.
Louis, St. Louis, Missouri) appropriate to each particular coun-

try for each particular year and with use of the general Con-
sumer Price Index inflator from the United States Bureau of
Labor Statistics. Cost-utility ratios were rounded off to two-
digit precision. An unpaired Student t test assuming unequal
variances was used to compare group means, and the Fisher
exact test was used for comparisons between proportions.

A table was constructed that included a description of
each intervention, the alternative with which it was compared,
and the appropriate target population. This table was sorted
by level of cost-utility, which was divided into five categories:
(1) cost-saving (in terms of money and benefit), (2) cost-utility
ratio of <$20,000 per quality-adjusted life year (considered
to be an excellent value for money⎯i.e., very cost-effective),
(3) cost-utility ratio between $20,000 and $100,000 per qual-
ity-adjusted life year (generally considered to be a good value),
(4) cost-utility ratio of >$100,000 per quality-adjusted life year
(not the best value, but many interventions with such a ratio
are still funded), and (5) dominated (the intervention is less
effective and more costly than the alternative).

Results
ur search revealed thirty-seven studies of interventions
dealing with the musculoskeletal system and ortho-

paedic surgery published between 1989 and 2001, and these
analyses provided a total of 116 cost-utility ratios. Table I lists
the characteristics of these articles.

Total joint arthroplasty was the most commonly studied
intervention. Of the eleven studies dealing with this subject,
five were investigations of the cost-utility of primary total
joint arthroplasty (total hip arthroplasty in four articles and
total knee arthroplasty in one), three articles dealt with the
economic impact of antibiotic prophylaxis for prevention of
infection at the site of an arthroplasty, one focused on strate-
gies for managing infections at the site of a total hip arthro-
plasty, and the remaining two dealt with perioperative issues
(autologous blood donation and duplex venous surveillance).
Nine articles dealt with osteoporosis prevention with pharma-
ceutical intervention: three assessed hormone replacement
therapy; two, bisphosphonates; one, calcium and vitamin D;
and three, other pharmaceutical interventions. Spine surgery
was the topic of five papers, with two papers dealing with the
management of lumbar disc herniation, one involving lumbar
spinal fusion, one dealing with clearance of trauma patients
for cervical spine surgery, and one focusing on neurosurgical
interventions. The last paper was included because it pre-
sented a cost-effectiveness ratio for spinal surgery. One or two
papers each represented the remaining orthopaedic subspe-
cialties, with none in pediatric orthopaedics.

Table II lists the key methodological features of the arti-
cles, and a more comprehensive table providing the method-
ological features of each study is presented in the Appendix.
Adherence to good methodological practices varied: only nine
studies (24%) dealt with utility from a societal perspective by
including some measure of indirect costs (see Glossary). Six of
those studies included costs in terms of patient time and/or
productivity; one included transportation costs; one, costs in
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terms of caregiver time and productivity; and two, home-care
costs. (Two measures of indirect costs were used in one study.)
Of the thirty-seven studies, thirteen used a Markov model,
which allows for transitions between health states over time.
In eighteen studies (49%) the investigators discounted both
costs and health benefits (see Glossary), and in thirty (81%)
they performed incremental analyses, comparing the costs
and benefits with those of an alternative therapy.

Studies varied with regard to the reporting of costs and
preference weights. The economic data were gathered from a
primary source in only seventeen studies (46%). In most
(twenty-one) of the studies, the models of health benefit were
based on primary sources, and three of these studies were car-
ried out alongside randomized controlled trials. A number of
different methods were used to generate utilities for health

states. The authors of most (nineteen) of the studies relied on
clinical estimates of utilities, derived from the input of clini-
cians, decision analysts, experts, or authors without the use of
any formal methodology. The time-trade-off or standard-
gamble technique was used in three studies, and pre-existing
generic tools such as the EQ-5D1 were employed in eleven.
The general community or the patients themselves were the
most common sources for utility estimates (twenty-seven
studies); health care professionals and/or the authors were the
source in fourteen (38%).

The mean subjective quality score (assigned on a Likert
scale ranging from 1 [low quality] to 7 [high quality]) im-
proved from 3.4 points prior to 1998 to 4.1 points after 1998;
however, this difference was not significant (p = 0.15). There
was no difference in the quality of articles among the different
journal types (mean scores, 4.5 points for the seven general
medical or surgical articles, 3.7 points for the twenty-three or-
thopaedic subspecialty articles, and 3.0 points for the seven
methods or policy articles). The orthopaedic papers had a
lower average quality rating (3.7 points) than did the non-
orthopaedic cost-utility analyses in our larger database, which
had an average quality rating of 4.2 points (p = 0.04). Because
these quality ratings were subjectively assigned (albeit by well-
trained reviewers), a comprehensive chart of key methodolog-
ical practices extracted from each article is presented in the
Appendix to help readers to independently judge the quality
of each study.

Although previous authors have found that studies sup-
ported by industry are more likely to yield favorable results12,13,
we did not find this to be the case for the orthopaedic articles
that we reviewed. The industry-funded studies were as likely
as the government or foundation-funded studies (63% in
both cases) to provide cost-utility ratios of <$50,000 per quality-
adjusted life year (a common threshold below which studies
are considered to be cost-effective). Only five articles (one on
spine surgery and four on total joint arthroplasty), which pre-
sented a total of eight cost-utility ratios, met four key recom-
mendations of the United States Panel on Cost-Effectiveness
in Health and Medicine6,7,14 (use of a societal perspective, utility
estimates based on community or patient sources, appropriate
incremental comparisons, and appropriate discounting of
costs and health benefits at the same rate). Of the eight ratios
(marked with double asterisks in a table in the Appendix) in
these studies, five were <$50,000 per quality-adjusted life year
(considered to be cost-effective), and none of the articles were
funded by industry.

A cost-utility “league table” in the Appendix groups the
interventions in the thirty-seven studies into five categories
ranging from “cost-saving” (less costly and more effective
than the alternative) to “dominated” (more costly and less ef-
fective than the alternative). As noted earlier, the lower the
cost-utility ratio, the better the value of an intervention as it
costs less money to gain a quality-adjusted life year. Eight in-
terventions were cost-saving (cost per quality-adjusted life
year of <$0). Most interventions fell within the ranges of cost-
effectiveness that have commonly been used as thresholds

TABLE I Characteristics of Orthopaedic Cost-Utility 
Analyses Identified in Literature Review

Characteristic
% of Articles 

(N = 37)

Year of publication

1989-1997 43

1998-2001 57

Country of study

United States 54

Sweden 19

Canada 8

United Kingdom 8

Other* 11

Journal type

General medical or surgical 19

Medical or surgical subspecialty 62

Methods or policy 19

Orthopaedic subspecialty

Total joint arthroplasty 30

Osteoporosis 24

Spine 14

Trauma 8

Tumor 5

Foot and ankle 5

Sports medicine 5

Hand and upper extremity 3

Other† 5

Sponsorship‡

Government 43

Foundation 19

Industry (pharmaceutical or medical 
device company)

24

Could not be determined 27

*France, Netherlands, Israel, or Australia. †Medical management
of osteoarthritis or health policy. ‡More than one response was
allowed for each article.
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($20,000 to $100,000 Canadian dollars)15. Thirty-four inter-
ventions were estimated to have a cost-utility ratio of
≤$50,000, and another nine interventions cost between
$50,000 and $100,000 per quality-adjusted life year. The me-
dian was $15,000 per quality-adjusted life year.

Several controversial procedures were found to have rel-
atively high cost-utility ratios (i.e., poorer value), including
antibiotic prophylaxis in certain situations, venous surveil-
lance with phlebography or ultrasound after total joint re-
placement, hormone replacement therapy in relatively young
patients, and laminectomy with fusion and instrumentation
as compared with laminectomy with fusion but no instru-
mentation in patients with spondylolisthesis and spinal steno-
sis. Some procedures in common practice, such as the use of
bisphosphonates for the treatment of osteoporosis in certain
patients and for patients with metastatic breast cancer, had ra-
tios as high as $360,000 per quality-adjusted life year, a value
usually considered to be cost-ineffective. Autologous blood
donation, a common practice in many centers, had a ratio of
$51,000 per quality-adjusted life year for patients undergoing
bilateral or revision total joint replacement in a center with no
change in transfusion practices relative to allogeneic blood. In

a center with increased transfusion of autologous blood (com-
pared with that of allogeneic blood) for patients treated with
primary unilateral total hip replacement, the cost-utility ratios
of autologous donation ranged from $310,000 to $950,000 per
quality-adjusted life year.

Discussion
lthough the volume of published economic evaluations
in the field of orthopaedic surgery is lower than that in

other clinical areas, payers are increasingly demanding evi-
dence of cost-effectiveness. This type of research reflects the
increasing importance of assessing both the costs and the ben-
efits of an intervention. There has been growth in the number
of published economic analyses, and clinicians are being in-
creasingly exposed to these studies. A general understanding
of economic evaluations and a specific awareness of the pub-
lished studies in orthopaedics will be increasingly important
to orthopaedic surgeons as they weigh in on reimbursement
and other policy decisions that affect the field.

Total joint arthroplasty is the most commonly studied
area in the field of orthopaedic surgery. We found six cost-
utility ratios for comparisons of total hip arthroplasty with the
alternative of observation only, and all of the ratios are consid-
ered to indicate cost-effectiveness (below a threshold value of
$50,000 per quality-adjusted life year) by today’s standards.
Osteoporosis is the next most commonly studied area, and,
surprisingly, many of the published ratios indicate that treat-
ment may be cost-ineffective. Half of the cost-utility ratios for
osteoporosis treatment are >$100,000 per quality-adjusted life
year. Additional investigation is required as osteoporosis is a
major public health problem and it will probably continue to
be an area of interest to policy makers.

Spinal surgery, trauma, oncology, pediatric orthopaedics,
and sports medicine are underrepresented in the orthopaedic
cost-utility-analysis literature. Given the burden of disease and
societal costs, there is a need for more information to guide re-
source allocation decisions within these areas of orthopaedics.

The quality of published cost-utility studies is variable
and often poor. The majority of the orthopaedic articles did
not clearly define a perspective; 40% did not explicitly define
the comparison; and, in 24% of the studies, the source of the
health-outcome preferences could not be determined. Most
authors performed sensitivity analysis, reported the method
of cost estimation, discounted appropriately, used incremental
analyses, and stated the threshold that they used. Our findings
suggest the need for improvement in methodology in several
areas. Concerns about the credibility of orthopaedic analyses
may persist in the absence of such improvements.

The modified league table in the Appendix allows clini-
cians and policy makers to quickly view descriptions of the ex-
isting cost-utility analyses in orthopaedic surgery in order to
assess where the reported cost-effectiveness of an intervention
falls. We do not report the actual dollar amount per quality-
adjusted life year for each ratio; such exact numbers might be
misleading, given the variability of the methods that were used
in the studies. The studies in the league table can be examined

A

TABLE II Reporting Practices in Orthopaedic Cost-Utility 
Analyses

Item
% of Articles 

(N = 37)

Study funding source disclosed 73

Framing

Clearly defined intervention 89

Adequate description of comparator 60

Study perspective clearly stated 43

Discount rate for future costs and 
quality-adjusted life years reported

49

Reporting costs

Economic data collected alongside a 
clinical trial or another primary source

46

Authors clearly stated the year of 
monetary units

70

Reporting of preference weights

Preference measurement technique 
reported

68

Source of preferences listed 76

Preference source was patients* 41

Preference source was general 
community*

32

Reporting of results

Incremental analyses appropriately 
reported

81

Sensitivity analyses reported 87

Authors discussed an explicit 
“cost-effective” cutoff

49

*More than one preference source may be used in each study.
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in the context of the methodological practices (also listed in
the Appendix) with which they were performed, allowing the
reader to form his or her own judgment about the validity of a
study’s cost-effectiveness results.

A number of limitations of the present study deserve
mention. The search strategy was limited to selected key
words, and we only included studies in which the cost-utility
ratio was expressed as cost per quality-adjusted life year;
therefore, some well-designed studies may have been omit-
ted16-19. Reviewers were not blinded to the journal in which the
article appeared or to the authors of the article, and this may
have biased the results. The merits of the clinical or economic
model assumptions were not judged; we sought to determine
only whether procedural guidelines for conducting and re-
porting the analysis were followed. Finally, while the method-
ological practices varied among the studies, this fact is not
reflected in the league table presented in the Appendix. The
differences among ratios in league tables can be explained by
looking more closely at key elements of each study. Perspec-
tive, population, the comparison, the method of utility mea-
surement, the country in which the study was performed, the
source of the cost data, and discounting can all affect the re-
sulting ratio. Because of the variability of study methods, the
cost-effectiveness ratios presented in league tables must be
viewed with caution; they provide an aid to health policy
makers but not sufficient evidence on which to base impor-
tant health policy decisions. We addressed this limitation, to
some extent, by placing interventions within a range of cost-
effectiveness values (rather than providing exact cost-utility
ratios) and providing data on study methods for readers who
wish to use that information.

Applying economic evaluation methods to orthopaedic
interventions is a complex undertaking. It requires several dif-
ferent types of expertise, and a number of methodological is-
sues are still unsettled. There are many interventions that have
not yet been studied, and many of those that have been studied
need to be investigated further. The aging of the population and
the development of newer, more expensive technologies ensure
that health care costs will increase. In the past few years, more
explicit considerations of costs have come to the fore. In some
cases, policy makers have explicitly used cost-effectiveness anal-
ysis to make decisions regarding coverage of interventions;
however, in most countries in which cost-utility analyses are
used in policy making, they are applied to the evaluation of
drugs, not devices.

Some private managed-care plans in the United States
have developed and used guidelines20, and the Centers for
Medicare and Medicaid Services have debated the addition of
cost-effectiveness analysis to technology assessment; however,
the regulation has yet to be finalized. In the United Kingdom,
cost-effectiveness analysis is explicitly being used to determine
which new technologies should be introduced into the Na-
tional Health Service, and this process is not limited to phar-
maceuticals. The lack of level-I evidence regarding most
interventions in orthopaedic surgery makes it more difficult
to perform high-quality cost-utility analyses. In the future, or-

thopaedists and industry should be encouraged to provide
better-quality data for health technology assessment with
well-designed prospective, randomized, controlled trials.

There is an urgent need for improving economic evalua-
tion in orthopaedic surgery by using standardized methods
and transparent reporting. As the field develops, it will be im-
portant to assess both the clinical and the economic assump-
tions when one reads the economic literature. It also must be
emphasized that economic analysis should be used to inform
decisions about clinical practice and policy; it should not dic-
tate them14.

Appendix
A table presenting the key methodological criteria of
each study that was analyzed and a cost-utility league ta-

ble are available with the electronic versions of this article, on
our web site at jbjs.org (go to the article citation and click on
“Supplementary Material”) and on our quarterly CD-ROM
(call our subscription department, at 781-449-9780, to order
the CD-ROM).

Glossary
Definitions are adapted in part from reference 14.

Cost-utility analysis: A form of economic evaluation that fo-
cuses on the quality, not just the quantity, of life resulting
from a clinical intervention.

Cost-utility ratio: The ratio is calculated as: (cost of interven-
tion − cost of alternative)/(benefit of intervention – benefit of
alternative). Only the ratios expressed as cost per quality-
adjusted life year were included in the present study. A lower
cost-utility ratio indicates better value. (Less is paid for an in-
crease of one quality-adjusted life year.)

Direct health-care costs: The cost of medical resources con-
sumed (e.g., for physician visits, surgery, and so on).

Discounting: The process of adjusting future costs and future
health benefits to their present value. This is done because fu-
ture costs and benefits are assumed to be worth less to individ-
uals than are present costs and benefits. For example, $10
spent during the second year of a patient’s treatment is worth
less than $10 spent in the present. The $10 spent in the future
needs to be discounted to the present value. If a discount rate
of 5% is used, then the present value would be: $10 × [1/(1 +
0.05)2] = $9.07.

Generic index of health-related quality of life: A standardized
instrument for measuring health outcome that is constructed
by determining preferences for various health states with direct
measurement techniques such as the time-trade-off, standard-
gamble, and rating-scale methods. Some commonly used in-
struments include the EQ-5D1, the Health Utilities Index
(HUI)2, and the Quality of Well Being (QWB) Index3.

Incremental cost: The difference between the cost of an inter-
vention and the cost of the alternative with which it is being
compared.
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Indirect costs: Costs such as lost productivity due to time off
from work during treatment.

Quality-adjusted life years: A generic outcome derived by using
a quality-adjustment weight on the duration of time for which
the patient is affected by an intervention. In the conventional
approach, the utility (the quality-adjustment weight) is multi-
plied by the time spent in that health state, and then those val-
ues are summed to calculate the number of quality-adjusted
life years. For example, if the patient spends one year after the
surgery in a state that is 50% of perfect health (a utility value
of 0.5) and then has a return to perfect health for the next
year, the gain in quality-adjusted life years at two years would
be (0.5 × 1) + (1 × 1) = 1.5 quality-adjusted life years.

Sensitivity analysis: Analysis that determines the impact of
changing variables on the results (e.g., what effect does chang-
ing the hospital costs of an intervention have on the results?).

Standard gamble: A method of determining utility/preference
weights. The respondent is asked to compare life in a given
suboptimal health state with a gamble between two alternate
outcomes: perfect health (denoted as probability p) and death
(denoted as 1 − p). The probabilities in the gamble are varied
until the respondent is indifferent regarding the choice be-
tween the given suboptimal health state and the gamble. The
utility for the given health state is then calculated as: [p × util-
ity (perfect health)] + [(1 − p) × utility (death)]. For example,
a person may be told that he or she can choose to live for his
or her remaining ten years with limited mobility and pain or
risk a therapy (perhaps surgery) that may restore perfect
health (utility = 1) or cause death (utility = 0). If the risk of
death is varied until the person is indifferent regarding the
choice between limited mobility and a 15% chance of death
(the gamble), the utility = (0.85 × 1) + (0.15 × 0), or 0.85.

Time trade-off: A method of determining utility/preference
weights. The respondent is asked to choose between life in a
given suboptimal health state for a fixed amount of time (such
as limited mobility for ten remaining years of life) and life in
perfect health for a shorter period of time (such as perfect mo-
bility for eight years). The life expectancy in perfect health is
varied until the respondent is indifferent regarding the choice

between the two states, and the utility is then calculated as: life
expectancy in perfect health/life expectancy in suboptimal
health (in this example, the utility is 8/10 or 0.8).

Utility states (also referred to as “preference weights”): A mea-
sure of an individual’s or a society’s preference for a particular
set of health outcomes. For example, if a construction worker
and a computer programmer who have sustained a calcaneal
fracture are each asked to rank “having a broken foot” on a
scale of 0 (defined as death) to 1 (defined as perfect health),
their rankings might differ considerably because of the impor-
tance that each attaches to the use of the lower limb. Utilities
can then be used to calculate quality-adjusted life years by
multiplying the utility for a health state by the duration of
time spent in that health state. This allows comparison of out-
comes (in quality-adjusted life years) across different inter-
ventions and different diseases. �
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Operative Treatment of Calcaneal 
Fractures in Elderly Patients

BY DOLFI HERSCOVICI JR., DO, JAMES WIDMAIER, MD, 
JULIA M. SCADUTO, ARNP, ROY W. SANDERS, MD, AND ARTHUR WALLING, MD

Investigation performed at Tampa General Hospital, Tampa, Florida

Background: Operative intervention is an accepted treatment for fractures of the calcaneus. However, the literature
discourages surgery for these fractures in the elderly. The purpose of this paper was to review the outcomes of surgi-
cal treatment of displaced fractures of the calcaneus in elderly patients.

Methods: Between November 1987 and June 2000, forty-two patients (forty-four fractures) who were sixty-five years
of age or older underwent surgery for a calcaneal fracture. The mechanism of injury, fracture pattern, and medical co-
morbidities were recorded. Thirty-five patients with a total of thirty-seven fractures were available for follow-up, which
was conducted with physical and radiographic examinations and outcomes assessment with the Short Form-36 (SF-
36), the American Orthopaedic Foot and Ankle Society ankle-hindfoot scale, and the Short Musculoskeletal Function
Assessment survey.

Results: The minimum duration of follow-up was two years, and the average duration was forty-four months. All but
one fracture (97% of the fractures) healed at an average of 110 days. The average active range of motion was 38° of
plantar flexion, 10° of dorsiflexion, 16° of inversion, and 11° of eversion. The average American Orthopaedic Foot
and Ankle Society score was 82.4 points, the average SF-36 score was 52.8 points, and the average Short Muscu-
loskeletal Function Assessment score was 20.4 points. Posttraumatic subtalar arthritis developed in twelve patients.
There were twelve minor complications and four major complications (three cases of osteomyelitis and one non-
union), all of which were treated successfully.

Conclusions: Open reduction appears to be an acceptable method of treatment for displaced calcaneal fractures in
elderly patients. Careful patient selection is necessary because individuals presenting with severe osteopenia, those
who are unable to walk or are able to walk only about the house, and those with a medical condition that precludes
surgery may be better candidates for nonoperative care.

Level of Evidence: Therapeutic Level IV. See Instructions to Authors for a complete description of levels of evidence.

perative treatment of displaced calcaneal fractures has
become more accepted in the last ten to fifteen years
as a result of improvements in preoperative evalua-

tion, the use of intraoperative imaging to verify the quality of
the reduction, and advancements in surgical techniques. De-
spite these favorable results, there are still certain contraindi-
cations, including neuropathies, insulin-dependent diabetes
mellitus, peripheral vascular disease, venous stasis, lymphe-
dema, immunocompromise, heavy smoking, or other disor-
ders that may impede wound or bone-healing1-3. An age of
more than fifty years has also been described as a contrain-
dication to surgery because of unfavorable outcomes in older
patients4. In addition, many elderly patients have low physical
demands and may have osteopenia or osteoporosis, which can
result in loosening of the implants and, ultimately, failure of
the fixation5. Thus, elderly patients can have an unacceptable
rate of complications, resulting in a difficult salvage. The pur-
pose of this paper was to review the outcomes in elderly pa-

tients who were managed with open reduction and internal
fixation of a displaced fracture of the calcaneus.

Materials and Methods
fter obtaining approval from the institutional review
board of the University of South Florida (Protocol Num-

ber 100590), we performed a retrospective review of the charts
of all patients who had undergone open reduction and inter-
nal fixation of a displaced calcaneal fracture, between Novem-
ber 1987 and June 2000, at a level-one trauma center. During
this time-period, 662 patients presented with a calcaneal frac-
ture, and 583 underwent open reduction and internal fixation.
Forty-seven of the 583 patients were the age of sixty-five years
or older. Five patients had a nondisplaced fracture and were
treated nonoperatively. The remaining forty-two patients,
with a total of forty-four displaced fractures, formed the core
study group. From the chart review, we identified the fracture
pattern, any pre-existing medical comorbidities, the smoking
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history, and any associated osseous injuries. We also identified
the operative risk according to the criteria of the American So-
ciety of Anesthesiologists (ASA)6.

One of us (J.M.S.), who had not been involved in the
treatment of the patients, contacted all patients to ask them to
return for an evaluation and to complete functional assess-
ment questionnaires. Five patients who were contacted de-
clined to return for an examination and were interviewed by
telephone. They reported satisfaction with the result of the
treatment and stated that they had no problems related to the
foot and that they would undergo the treatment again under
similar circumstances. Because of incomplete follow-up, these
five patients were excluded from the study. Of the remaining
patients, one had died and, despite several efforts7, one could
not be located. Thus, thirty-five patients with a total of thirty-
seven fractures were available for examination.

Patient Characteristics
There were twenty men and fifteen women with an average
age of 70.3 years (range, sixty-five to eighty-four years). Twenty-
five patients sustained the fracture in a fall from a height of >6
ft (1.8 m), and nine sustained the fracture in a motor-vehicle
accident; both mechanisms of injury resulted in a Böhler angle
of <15°. One fracture was the result of a lawn-mower injury.
Twenty-three patients (66%) presented with an isolated frac-
ture. The remaining twelve patients had one or more asso-
ciated osseous injuries (with two involving the lumbar spine),
and nine (none with involvement of the lumbar spine) re-
quired surgical management of those injuries. Two of the cal-
caneal fractures were displaced tuberosity fractures, and the
remaining thirty-five were displaced intra-articular fractures.
According to the system of Sanders et al.8,9, twenty-five frac-
tures were classified as type II; nine, as type III; and one, as
type IV. Four fractures were open.

At the time of the surgery, the average ASA score was 2.3
(2 or 3), and only two patients stated that they smoked. At the
time of the injury, all patients either had a full-time occupa-
tion (working at least forty hours per week) or participated in
moderate-to-strenuous recreational activities (walking, jog-
ging, tennis, bowling, weight-lifting, or off-road bicycling) at
least two or three times per week. No patient had diabetes
mellitus; however, twenty-eight patients (80%) had at least
one other major underlying medical problem (hypertension, a
previous myocardial infarction, cancer, a history of a stroke or
transient ischemic attacks, chronic obstructive lung disease,
cardiac arrhythmias, or obesity). Twelve patients had two or
more medical comorbidities.

Treatment
On initial presentation, all patients underwent a thorough
evaluation of the foot and ankle, lower extremity, and lower
back. A well-padded splint was applied, and plain radio-
graphs and computed tomographic scans were made. Pa-
tients who had a closed injury were given a prescription for
analgesics, discharged to their home, and then followed in
the office within four, five, or six days. Patients with an open

injury were given intravenous antibiotics and underwent
formal irrigation and débridement with eventual delayed
closure of the wound.

All patients underwent definitive fixation after the soft-
tissue envelope was determined to be stable, at an average of
15.1 days (range, two to twenty-five days) after the initial in-
jury. Prior to definitive fixation, all patients obtained medical
clearance from their primary medical specialists. Open re-
duction and internal fixation was performed for all patients
except for the one with a type-IV fracture, who underwent a
primary fusion. An extensile lateral approach was used in all
but one patient10. Postoperatively, a below-the-knee cast was
worn for three weeks, after which the patient wore a hinged
boot. The patient began physical therapy at three weeks and
did not bear weight on the extremity for the first three post-
operative months. The patient with a primary fusion was
treated with a non-weight-bearing cast for three months, fol-
lowed by therapy.

Evaluations and Outcomes
At the time of follow-up, the scars and soft-tissue envelope
were evaluated and the active range of motion of the tibiota-
lar and subtalar joints was measured. Lateral, 30° Broden,
and Harris radiographs2 of the calcaneus were made to deter-
mine union, whether the fixation had failed, and the condi-
tion of the subtalar joint. Any complications were noted, and
the patients were asked to complete the general health status
scale of the Short Form-36 (SF-36), the American Ortho-
paedic Foot and Ankle Society (AOFAS) ankle-hindfoot scale,
and the Short Musculoskeletal Function Assessment (SMFA)
survey11-13. The maximum obtainable score is 100 points on
the AOFAS scale, 0 points on the SMFA survey, and 100
points on the general health status scale of the SF-36. The
mean SF-36 score for healthy individuals (male and female
combined) between the ages of sixty-five and seventy-five
years has been reported to be 62.56 points, with a range of 5
to 100 points12.

Results
he patients were followed for an average of 43.9 months
(range, twenty-four to 115 months), and 97% of the frac-

tures (all but one), including the one treated with primary fu-
sion, had healed by an average of 110 days (range, fifty-five to
178 days).

Complications were categorized as minor or major.
Minor complications were defined as those that could be
managed nonoperatively or with a semi-elective operative
procedure for pain management. They consisted of pressure
ulcers, cellulitis, wound-edge necrosis, or painful hardware.
Major complications required surgical intervention and con-
sisted of fracture nonunion or deep infection.

Overall, there were sixteen complications, twelve minor
and four major, affecting fifteen limbs in fourteen patients
(40%) (see Appendix), eight of whom underwent additional
surgery (one bilaterally). Twelve minor complications devel-
oped in eleven limbs in ten patients. Five of these patients had
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wound-edge necrosis, which was successfully managed with
local wound care; four had painful hardware (one bilaterally)
and requested removal of the implants, and one had cellulitis,
which was managed with oral antibiotics, as well as a heel-
pressure ulcer, which resolved with dressing changes. Of the
four patients who had a major complication, three had osteo-
myelitis. All three were treated with serial débridement, place-
ment of antibiotic beads, and culture-specific antibiotics. No
patient required an amputation or the use of a rotational or
free flap to obtain coverage of the wound. At the last visit,
none of these patients had any signs of infection and all
wounds and fractures had healed completely. The fourth pa-
tient had a nonunion, which was treated with a revision and
bone-grafting, resulting in complete union. Of the fourteen
patients with a complication, only three (two with a painful
implant [one of whom had it bilaterally] and the patient with
cellulitis and a pressure ulcer) had no medical comorbidities.
The remaining eleven patients had one or more medical
comorbidities.

At the time of follow-up, the active range of motion of
the tibiotalar joint averaged 38° (range, 30° to 49°) of plantar
flexion and 10° (range, 0° to 16°) of dorsiflexion. The active
range of motion of the subtalar joint averaged 16° (range, 1°
to 30°) of inversion and 11° (range, 5° to 20°) of eversion. The
AOFAS score averaged 82.4 points (range, 52 to 100 points);
the SF-36 general health score, 52.8 points (range, 40 to 64
points); and the SMFA score, 20.4 points (range, 0.74 to 54.41
points). Twelve patients (34%) demonstrated radiographic
signs of posttraumatic subtalar arthritis, but only three of
them were treated with a fusion for pain management.

Discussion
ccording to 2000 United States Census estimates, of the
282 million people living in the United States, almost

12.5% were sixty-five years of age or older14. It has been esti-
mated that, by the year 2030, the population will be close to
350 million people, with almost 20% being sixty-five years of
age or older15. A substantial number of these people will be ac-
tive, with high physical demands due to their occupation or
recreational activities. However, while the evidence in the lit-
erature supports both operative and nonoperative methods of
treatment for displaced calcaneal fractures, some authors have
continued to recommend avoiding surgery in all patients over
the age of fifty years because of the expectation of poor
outcomes4,5,16-18.

In his landmark article on the treatment of calcaneal
fractures, Essex-Lopresti4 reported that surgery had a suc-
cessful result in 80% of patients under the age of fifty years
but only 40% of those over the age of fifty. He also noted that
elderly patients had a higher degree of satisfaction when they
had been treated with extensive exercise therapy, whether or
not a successful reduction had been achieved. Therefore, he
concluded that exercise therapy was the best treatment for
displaced calcaneal fractures in patients over the age of fifty
years and that surgery was contraindicated, especially if it
had to be followed by immobilization. Other authors have

expressed the same opinion16,17. More recently, Buckley et al.5

found that displaced intra-articular calcaneal fractures could
be treated successfully with either operative or nonoperative
treatment, but they stated that “the best patients to treat
nonoperatively are those who are fifty years old or more”
without giving an exact reason. Regardless of whether opera-
tive or nonoperative care is chosen, however, complications
can occur10,19-26.

Our study of patients treated with a contemporary
open reduction and internal fixation technique demon-
strated a union rate of 97%, a good range of motion, a high
degree of patient satisfaction, and good outcome scores. Al-
though sixteen complications (in fifteen limbs in fourteen
patients) did occur, only four patients had a major compli-
cation requiring surgery. The rate of superficial wound-edge
necrosis in our study (14%) is similar to the rates of wound
necrosis and related problems in other studies (8.3% to
32.8%), and the rate of osteomyelitis in our study (8%) is
similar to the reported rates of deep infection or osteomyeli-
tis in other studies (0% to 8%)1,5,10,19,22,27-32. It should be noted,
however, that all of the patients in our series in whom a deep
infection or wound problem developed had one or more
major medical comorbidities. Therefore, at least in our
study, it did not appear that age played a role in the develop-
ment of soft-tissue problems or osseous infections; instead,
the presence of pre-existing medical problems may have
been a more important factor in the development of postop-
erative complications.

The only complication in our series that occurred at a
rate higher than the rates reported in the literature was subta-
lar arthritis. Previously reported rates of subtalar arthritis fol-
lowing operative treatment of calcaneal fractures have ranged
between 0% and 12%10,19,22, whereas posttraumatic arthritis
was identified in twelve patients (34%) in our series. Al-
though we do not know the exact reason for this difference, a
possible explanation is that, given the age of some of our pa-
tients, the subtalar joint may have already been arthritic and
the addition of a calcaneal fracture accelerated the develop-
ment of subtalar arthritis. However, despite this higher rate,
only three patients required a fusion for the management of
pain related to the subtalar arthritis, a clinical result sup-
ported by the relatively high scores on the three outcomes
surveys for the other nine patients.

This study had some limitations. First, we cannot com-
ment on the results of this procedure in patients with diabetes.
Although no elderly patient who presented with a displaced
fracture and was medically cleared for the procedure preoper-
atively was denied operative treatment, none of the patients in
this series had diabetes. Thus, the question of how to best
manage a diabetic patient with a displaced calcaneal fracture is
beyond the scope of this paper. The second limitation was that
we did not compare the patients with a control group of el-
derly patients who were managed nonoperatively.

All of the patients in this study sustained a fracture from
a high-energy mechanism2,5 and, at the time of the injury, all
either had a full-time occupation (working at least forty hours
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per week) or participated in moderate-to-strenuous recre-
ational activities at least two or three times per week. Thus, the
decision to treat these patients surgically was based on the
same criteria that we use for all patients who present with a
displaced calcaneal fracture, regardless of age. It was thought
that surgery would improve the prognosis for these patients by
increasing the Böhler angle5,33-35 and decreasing the long-term
pain36-38, the problems with shoe wear2,36, and the gait abnor-
malities that have been noted in series of patients who were
treated nonoperatively32,35-39. However, we agree with Buckley
et al.5 that a nonoperative approach should be considered for
elderly patients who have low physical demands, to avoid po-
tential surgical complications.

In conclusion, it does not appear that the age of a pa-
tient should be the primary criterion determining how a dis-
placed calcaneal fracture should be managed. In individuals
with high physical or recreational demands, open reduction
techniques can result in high union rates and good outcomes.
Although the overall complication rate was 43% in our study,
major complications developed only in patients who had pre-
sented with major medical comorbidities and the rates of
complications were similar to those in younger patients. Sur-
gery for displaced calcaneal fractures should not be denied on
the basis of age, but care should be exercised when operative
management is being considered for patients with substantial
pre-existing medical problems.

Appendix
A table presenting detailed clinical data on all patients is
available with the electronic versions of this article, on

our web site at jbjs.org (go to the article citation and click on
“Supplementary Material”) and on our quarterly CD-ROM
(call our subscription department, at 781-449-9780, to order
the CD-ROM). �
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Background: Patellofemoral complications are a common cause of failure of total knee replacement. In this study,
we examined eighty-five patellar components that had been retrieved for a variety of reasons after a mean of 71.9
months in vivo. The objective of this study was to identify factors contributing to surface damage of patellar compo-
nents in total knee replacements.

Methods: The retrieved patellar components were of three primary designs: dome-shaped, sombrero-shaped, and
pseudo-anatomic. Five zones on each specimen were evaluated for five different types of damage (creep, pitting,
delamination, abrasion, and burnishing). The severity of the damage was assigned a score of 0 to 4, with 0 indicating
no damage and 4 indicating extreme damage. The extent of the damage was also assigned a score of 0 to 4, with 0
indicating 0% and 4 indicating 76% to 100%. An asymmetry ratio was calculated for each damage pattern to evaluate
the uniformity of the distribution of the damage across each component.

Results: Eighty-six percent of the components had a damage score of ≥4 (product of the extent and severity scores)
for at least one damage mechanism (creep for 38% of the components, pitting for 47%, delamination for 26%, abra-
sion for 49%, and burnishing for 76%). Components that had been in situ for more than two years had significantly
more severe creep, delamination, and burnishing than components that had been in place for less than two years.
Metal-backed designs had more severe damage than all-polyethylene components. Factors that reduced the occur-
rence and severity of polyethylene damage were a congruent patellar design (a non-dome-shaped component) and the
use of an asymmetric femoral component.

Conclusions: Damage to the patellar component was a common finding, particularly when the implant had been re-
trieved more than two years after implantation. Moreover, delamination was frequently found on the patellar compo-
nents, as has been observed by others who examined retrieved tibial inserts. The results of this study suggest that
the use of congruent patellar components may reduce damage.

Clinical Relevance: Understanding the causes of failure of patellar components may be important for addressing an
etiology of pain and dysfunction following total knee arthroplasty.

Level of Evidence: Prognostic Level II. See Instructions to Authors for a complete description of levels of evidence.

atellofemoral complications are a substantial cause of
pain and dysfunction following total knee arthroplasty,
and they have been observed to be the primary cause of

failure in up to 50% of revisions1. Symptoms of failure of the
patellar component include painless effusion, retropatellar
pain, clicking, and instability1. Patellar failure can cause dam-
age to the femoral component and aseptic loosening of the
prosthesis. In addition, the rate of complications following
isolated revision of a patellar component has been reported to
be as high as 39%, which is substantially greater than the fail-
ure rates of procedures involving revision of the tibial or fem-
oral component2. Damage and/or deformation of the patellar

component is frequently noted at revision even when the pri-
mary indication for the operative procedure did not involve
the patellofemoral joint.

Many retrieval studies have focused more on evaluation
of polyethylene tibial inserts3-17 than on patellar components18-23.
However, information gleaned from studies of the tibiofem-
oral articulation has only general applicability to an under-
standing of the mechanisms affecting the longevity of the
patellar component. As patellofemoral complications are as-
sociated with substantial morbidity following total knee ar-
throplasty, insight into the mechanisms and progression of
damage of the patellar component is critical to improving the

P
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outcome of total knee arthroplasty. The objective of this study
was to examine the relationship between damage mechanisms
and the geometry of the articulating surface of patellar com-
ponents utilized in total knee arthroplasty.

Materials and Methods
ighty-five patellar components were retrieved from eighty-
three patients during revision total knee arthroplasties

performed between 1991 and 2001. The primary indications for
revision included infection (twenty-six procedures; 31%), loos-
ening of the tibial tray (twenty-two; 26%), patellar complica-
tions and/or fracture (nine; 11%), pain (five; 6%), damage to
the tibial insert (five; 6%), femoral fracture (three; 4%), and in-
stability (two; 2%). The cause for thirteen revisions (15%) was
unknown. The components were categorized as having one of
three articulating surface geometries: semispherical, dome-
shaped (forty-nine); more-conforming, sombrero-shaped (dome
and flange) (twenty-one); and multifaceted, pseudo-anatomic
(fifteen) (Fig. 1). Of the eighty-five patellar components, forty-
two articulated with an asymmetric femoral component;
twenty-seven, with a symmetric femoral component; and six-
teen, with a femoral component with an unknown articular ge-
ometry. There was no association between the design of the
patellar component and the geometry of the femoral compo-
nent (p = 0.28); 51% of the dome-shaped patellar components,
70% of the sombrero-shaped components, and 69% of the
pseudo-anatomic components articulated with an asymmetric
femoral component.

Eighty-three percent of the patellar components were
made of machined ultra-high molecular weight polyethylene,
and 17% were made of molded polyethylene. Twenty-five of
the patellar components were metal-backed, and sixty were
all-polyethylene. As measured at their thickest point, the
metal-backed components had a mean thickness (and stan-
dard deviation) of 7.9 ± 1.7 mm and the all-polyethylene
components had a mean thickness of 9.2 ± 1.7 mm.

The time in situ (prior to revision) was not known for
fourteen of the retrieved patellar components, and it averaged
71.9 months (range, two to 216 months) for the remaining
seventy-one components. The three design types did not dif-
fer significantly with regard to the time in situ, which averaged
83.3 months (range, two to 180 months) for the dome-shaped
components, 67.8 months (range, two to 216 months) for the
sombrero-shaped components, and 39.5 months (range, two
to 120 months) for the pseudo-anatomic components (p =
0.07). Eleven percent of the components were in situ for less

than six months; 21%, for between six and twenty-four
months; and 68%, for longer than twenty-four months.

The mean age of the seventy-one patients with complete
medical records at the time of retrieval was 66.8 years (range,
thirty-five to ninety-six years). The mean height and weight of
these patients was 171.7 cm and 94.3 kg, respectively, which
corresponded to a mean body mass index of 31.9 kg/m2. Sixty-
one percent of the patients were male, and 39% were female.

Each component was cleaned, stained with India ink,
and examined with stereomicroscopy (magnification, ×20).
Care was taken to distinguish between in vivo damage and
damage caused by removal of the component during revision.
To quantify the extent and severity of the surface damage, the
articulating surface was divided into five zones: four periph-
eral and one central (Fig. 2). The retrieved patellar compo-
nents in this collection were not marked at the time of
revision, so it was not possible to establish their in vivo orien-
tation. We did not analyze the contribution of malalignment
to the observed damage, as Merchant radiographs of the patel-
lofemoral joint prior to revision generally were not available.

Each zone and the entire articulating surface (graded sep-

E

Fig. 2

Fig. 1

Examples (left to right) of the dome-shaped, sombrero-shaped, and pseudo-anatomic patellar designs.

Division of the articular surface into four peripheral zones and one cen-

tral zone for evaluation of damage. Each zone was graded separately, 

and the articular surface was graded as a whole.
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arately) were evaluated for five types of damage (creep, pitting,
delamination, abrasion, and burnishing). The extent of the
damage was given a score of 0 (0%), 1 (1% to 25%), 2 (26% to
50%), 3 (51% to 75%), or 4 (76% to 100%), and the severity of
the damage was scored as 0 (none), 1 (mild), 2 (moderate), 3
(severe), or 4 (extreme). An overall damage score in each cate-
gory was then determined by multiplying the extent and sever-
ity scores for the entire component. To evaluate the uniformity
of the distribution of the damage across each component, an
asymmetry ratio was calculated for each damage pattern of each
component by dividing the sum of the overall damage scores for
the two most involved adjacent peripheral quadrants by the
sum of the overall damage scores for the two least involved adja-
cent peripheral quadrants. In other words, the highest aggregate
score of two adjacent peripheral zones was divided by the aggre-
gate score of the other two peripheral zones.

Four selected components were also evaluated with scan-
ning electron microscopy (Amray 1830; Amray, Bedford, Mas-
sachusetts) operated under secondary electron mode. These
four components were chosen because they exhibited multiple
damage mechanisms. The images were used to document the
microscopic appearance of the worn surfaces, particularly the
transitions between the different damage mechanisms.

To distinguish between creep and burnishing, it was as-
sumed that complete removal of machining marks and polish-
ing observed with stereomicroscopy was probably due not to
plastic deformation alone, but primarily to burnishing. Creep
was assumed to have occurred when there was curling or rip-
pling of the polyethylene surrounding the damaged area or
when polyethylene material was observed outside of the per-
ceived volume of the original unworn component. In addition,
thermal recovery was used to distinguish creep from damage
mechanisms that result in the removal of material. Polyethylene
possesses a “thermal memory” such that when it is plastically
deformed and then reheated to just above its melting tempera-
ture (between 130°C and 140°C, depending on the resin), it re-
gains its original shape. It has been suggested that if a worn

polyethylene component with no visible machining marks is
heated and the machining marks do not reappear, at least 30 µm
of material has been removed (the average depth of machining
marks)24. One retrieved dome-shaped component was sub-
jected to a thermal recovery process to qualitatively distinguish
the damage due to material loss from damage due to permanent
deformation24. The component, which exhibited multiple dam-
age modalities, was slowly heated to 140°C at approximately
8°C/min. As soon as the target temperature was reached, the
specimen was removed from the oven and allowed to cool at
room temperature. The specimen was then qualitatively reex-
amined, particularly in the areas that had originally exhibited
permanent deformation.

Statistical Analysis
In the group of patients with complete medical records, asso-
ciations between the continuous variables (polyethylene thick-
ness; patient height, weight, and body mass index; and time
that the implant was in situ) and the measured damage (over-
all damage score and asymmetry ratio for each damage mech-
anism) were assessed with use of stepwise linear regression
analysis followed by the Pearson correlation coefficient with
Fisher r to z transformation. The effects of various nominal
variables (design type, orientation of the femoral sulcus, all-
polyethylene or metal-backed, and molded or machined poly-
ethylene) on the same measured damage mechanisms were
evaluated with unpaired t tests and analysis of variance with a
Fisher protected least-square-difference post-hoc test. Error
bars on all graphs represent one standard error. The level of
significance was set at p < 0.05.

Results
very component exhibited at least one mechanism of sur-
face damage (Fig. 3 and Appendix). Overall, 86% of the

components showed creep; 96%, pitting; 53%, delamination;
98%, abrasion; and 99%, burnishing. A damage score of ≥4
for at least one damage mechanism was given to 86% of the

E

Fig. 3

Examples of damage mechanisms observed on the retrieved patellar components. Both implants 

show areas of delamination with large pits (outlined in yellow), surrounded by a ring of burnished 

and deformed material (outlined in red). Both implants also show typical asymmetric damage.
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components: 38% had such a score for creep; 47%, for pitting;
26%, for delamination; 49%, for abrasion; and 76%, for bur-
nishing (Fig. 4).

The damage scores for creep (p < 0.0001), delamination
(p = 0.0007), and burnishing (p < 0.0001) were significantly
higher for the implants that had been in situ for more than two
years than they were for those that had been in situ for two
years or less (Fig. 5). The percentage of components with a

damage score of ≥4 for creep increased from 8% when the time
in situ had been two years or less to 44% when it had been
more than two years, and the percentage with such a score for
delamination increased from 46% to 88%. In contrast, 49% of
the components that had been in situ for more than two years
had a damage score of ≥4 for both pitting and abrasion, while
46% of those that had been in situ for two years or less had a
damage score of ≥4 for those types of damage.

Fig. 4

The severity of damage, of the eighty-five patellar components, caused by the five mechanisms. The 

red bars represent the percentage of components with a damage score of ≥1 and the yellow bars 

represent the percentage of components with a damage score of ≥4 for each damage mechanism.

Fig. 5

Average damage scores, for each of the mechanisms, for seventy-one patellar components, ac-

cording to whether the implant had been in situ for two years or less or for more than two years. 

The error bars represent one standard error.
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The shape of the patellar component had a significant
effect on both the type and the severity of surface damage. Anal-
ysis of variance revealed that dome-shaped components exhib-
ited more severe burnishing than did both sombrero-shaped
and pseudo-anatomic components (p < 0.05; Fig. 6). The dam-
age scores for pitting (p < 0.05) and delamination (p < 0.05)
were lower for the pseudo-anatomic components than they
were for the dome-shaped and sombrero-shaped components.

Creep was significantly more symmetrically distributed
on the sombrero-shaped components (mean asymmetry ratio
[and standard deviation], 2.2 ± 1.5) and the pseudo-anatomic
components (mean asymmetry ratio, 2.3 ± 2.3) than it was on
the dome-shaped components (mean asymmetry ratio, 3.4 ±
2.2; p < 0.05). In addition, creep was more evenly distributed
on the patellar components that articulated with an asymmet-
ric femoral component than it was on those that articulated
with a symmetric femoral component (mean asymmetry
ratio, 2.4 ± 1.8 compared with 3.9 ± 2.6; p < 0.01). Metal-
backed patellar components exhibited significantly more se-

vere delamination than all-polyethylene components (mean
damage score, 3.9 ± 5.3 compared with 2.0 ± 2.5; p = 0.03)
and significantly more severe burnishing than all-polyethylene
components (mean damage score, 8.8 ± 4.4 compared with
6.3 ± 3.4; p < 0.001). Furthermore, molded polyethylene com-
ponents showed more severe burnishing than machined com-
ponents did (mean damage score, 12.4 ± 3.3 compared with
5.3 ± 3.2; p < 0.0001). Thinner components were correlated
with more severe burnishing (r = −0.357, p = 0.0065). With
the numbers available, patient height, weight, and body mass
index did not correlate with any damage pattern.

There was a significant association (p < 0.0001) among
the prevalences of creep, pitting, delamination, and burnish-
ing (all of the damage mechanisms except abrasion), which
tended to become more severe concurrently. When viewed
with stereomicroscopy and scanning electron microscopy, ar-
eas of severe delamination were seen to be almost uniformly
surrounded by areas of creep and burnishing (Fig. 7). In addi-
tion, areas of subsurface polyethylene exposed as a result of se-

Fig. 6

Average damage scores, for each of the mechanisms, for the eighty-five patellar components, 

according to the design type (dome-shaped, sombrero-shaped [dome with a flange], or pseudo-

anatomic). The error bars represent one standard error.

Fig. 7

Scanning electron microscopy images of two different retrieved patellar components, showing the 

transition from unworn areas with machining marks (A) to creep and burnishing to delamination (B).
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vere delamination were often scarred with large pits (>3 mm3).
The patellar component that was subjected to the ther-

mal recovery process did not regain its original dome shape,
indicating that the damaged area most likely was due to abra-
sion, not localized creep.

With the assumption that the time in situ of a compo-
nent with a low score for a particular damage mechanism in-
dicated the time at which that damage mechanism had been
initiated, the durations of implantation of the components ex-
hibiting damage scores of 1, 2, or 3 were averaged for each
damage mechanism. The sequence of the damage mecha-
nisms, according to the average duration in situ, was burnish-
ing (26.5 ± 12.1 months), then pitting (67.6 ± 9.8 months),
then abrasion (79.3 ± 10.2 months), and then delamination
(91.6 ± 13.8 months).

Discussion
e analyzed eighty-five retrieved patellar components
with three articulating surface geometries and found

evidence of damage, by some mechanism, on every com-
ponent. Damage with a score of ≥4 was observed on 86%
(seventy-three) of the retrieved components. The severity of
creep, delamination, and burnishing was found to increase
significantly with time in situ. Pitting, burnishing, and delam-
ination were significantly less severe on the pseudo-anatomic
designs than they were on the dome and sombrero-shaped de-
signs. In addition, creep was significantly more symmetrically
distributed on both the sombrero-shaped and the pseudo-
anatomic designs than it was on the dome-shaped design. It
was also more symetrically distributed on the patellar compo-
nents that articulated with an asymmetric femoral compo-
nent, presumably because of the reduced constraint offered by
the medially oriented sulcus.

With a threshold of any observable damage, the preva-
lence of damage in this series was higher than that reported by
Hood et al.5 but comparable with the results reported by Collier
et al.25 and Schwartz et al.26. The difference between the preva-
lences in the current study and that by Hood et al. might be ex-
plained by the longer mean implantation time in our study
(71.9 months compared with eighteen to twenty months), par-
ticularly given that we found a significant increase in the preva-
lence and severity of damage on the components retrieved after
two years of implantation. Our finding that the metal-backed
patellar components were more susceptible to surface damage
than were the all-polyethylene components is in agreement with
the observations in previous studies18,19,21,27.

The popularity of the dome-shaped geometry for patel-
lar components is largely due to the observation that that design
is more forgiving of both tibiofemoral and patellofemoral
malalignment28. We found that the sombrero-shaped and
pseudo-anatomic designs showed significantly less damage than
the dome-shaped design, an observation that was in agreement
with previous findings25,29. Moreover, we found the damage pat-
terns to be more symmetrically distributed on the sombrero-
shaped and pseudo-anatomic designs as well as on the patellar
implants that articulated with an asymmetric femoral compo-

nent. These results are in agreement with those in other wear
studies25 and support the findings by others that decreasing con-
tact stresses by using a congruent patellar component (e.g.,
sombrero-shaped or pseudo-anatomic) decreases damage25,29-31.

An interesting finding in the current study is the strong
association among burnishing, creep, delamination, and pit-
ting. Examination of the fifteen patellar components with a
score of ≥4 for each of those mechanisms showed a similar
damage pattern consisting of an area of delamination filled
with large pits surrounded by a ring of burnished and de-
formed polyethylene. We postulated that this pattern may rep-
resent a continuum of damage or a sequence of events.
However, it is difficult to definitively determine this sequence
from the data collected in this study. For example, it is unclear
whether the observed pits had been formed by the delamina-
tion process or were the result of third-body damage second-
ary to delamination.

This study has some limitations, as do many retrieval
studies. First, not all of the revisions were performed spe-
cifically for patellar complications. In addition, we lacked
valuable information about this set of retrieved patellar com-
ponents⎯namely, the material resins that had been used, the
extent of oxidative degradation, the in vivo orientation of the
patellar component, and the potential contribution of mala-
lignment of both the patellofemoral and the tibiofemoral
component articulations.

In this study, we found that wear of the patellar com-
ponent is surprisingly common. The frequent occurrence of
delamination of patellar components was unexpected. The
results of this study suggest that, while plastic deformation
of the patellar bearing surface may be reduced by use of a
congruent design, the prevalence and severity of creep,
delamination, and burnishing still increase dramatically af-
ter two years in situ. With the advent of new designs of total
knee prostheses that allow a greater range of motion, the
forces imposed on the patellar component may be increased
along with the risk of surface damage and mechanical fail-
ure. Careful examination of retrieved components should be
an essential step in the process of implant design. We believe
that real improvements in the functional performance of to-
tal knee replacements are possible only if we recognize the
interactions among design, material, and failure mecha-
nisms observed in clinical practice.

Appendix
A table presenting the damage scores and asymmetry ra-
tios is available with the electronic versions of this arti-

cle, on our web site at jbjs.org (go to the article citation and
click on “Supplementary Material”) and on our quarterly CD-
ROM (call our subscription department, at 781-449-9780, to
order the CD-ROM). �
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Articular Cartilage Degeneration 
in Post-Collapse Osteonecrosis 

of the Femoral Head
RADIOGRAPHIC STAGING, MACROSCOPIC GRADING, AND HISTOLOGIC CHANGES

BY ROBERT A. MAGNUSSEN, MD, FARSHID GUILAK, PHD, AND THOMAS P. VAIL, MD

Investigation performed at the Division of Orthopaedic Surgery, 
Department of Surgery, Duke University Medical Center, Durham, North Carolina

Background: Osteonecrosis of the femoral head is a debilitating condition characterized by progressive degeneration
of bone that eventually leads to collapse of the femoral head in the majority of patients. Femoral head-sparing proce-
dures have been more successful in pre-collapse stages of osteonecrosis than in post-collapse stages, although
some patients with early post-collapse disease have had no additional progression of the disorder. Nevertheless, the
effects of collapse on the articular cartilage are not well understood, and radiographic staging of femoral head col-
lapse does not address the condition of the articular cartilage.

Methods: In the current study, we investigated the relationship between the mechanical properties of post-collapse
articular cartilage and the histologic findings and macroscopic grades of the articular cartilage from hips with stage-
IV osteonecrosis, those with stage-V osteonecrosis, and those without osteonecrosis.

Results: The cartilage from both stage-IV and stage-V hips showed significant degeneration compared with the nor-
mal control cartilage, but there was no significant difference between the two stages. There was significant variability
in the histologic and mechanical properties of these samples that correlated strongly with the gross appearance of
the cartilage surface but not with the lesion size.

Conclusions: These results suggest that articular cartilage that appears macroscopically normal may remain me-
chanically functional even in patients with large osteonecrotic lesions or a late radiographic stage of the disease.

Clinical Relevance: These findings lend support to the position that femoral head-sparing surgical strategies de-
signed to restore the contour of the femoral head may have utility in some patients with advanced osteonecrotic dis-
ease. The gross appearance of the articular cartilage may be a useful tool for identifying those patients.

steonecrosis of the femoral head is a disease process
that causes collapse of the bone and destruction of the
cartilage, with serious clinical consequences. Since

joint preservation is a desirable goal, particularly in younger pa-
tients, procedures aimed at preventing progression of the dis-
ease while sparing the femoral head are especially appealing.
Studies have shown that femoral head-sparing procedures, such
as core decompression, osteotomy, and vascularized fibular
grafting, are associated with better clinical outcomes when per-
formed at an early stage of the disease1-5. However, while the
success of head-sparing procedures for preventing progression
of osteonecrosis is more predictable in the pre-collapse stages of
the condition, the majority of patients present to physicians
when the disease is in a later stage, after collapse has already
occurred6. Collapse of the femoral head is a hallmark of bone
destruction, but the correlation of collapse with damage to the
articular cartilage is less clear. Despite the fact that the success of

head-sparing procedures can be stratified by age, lesion size, le-
sion location, disease stage, and patient gender, we are not
aware of any published investigations of the influence of factors
such as collapse and lesion size on the properties of the overly-
ing articular cartilage7,8.

Viability and continued function of the articular cartilage
is an implicit assumption when a femoral head-sparing ap-
proach is used to treat osteonecrosis. A joint cannot be expected
to function normally without viable articular cartilage. Yet un-
like the structural changes of bone, which can be discerned on
radiographs, computed tomography, or magnetic resonance im-
aging, cartilage function is difficult to assess in vivo. Previous
studies have demonstrated poor correlations between the results
of preoperative radiographic assessment and the gross appear-
ance of the cartilage as determined with hip arthroscopy in hips
with the early post-collapse stage of the disease9,10. In the absence
of specific information on the status of the cartilage surface, the

O
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success of head-sparing operations has been correlated with the
radiographic stage of the disease, which is based only on the
presence or absence of collapsed femoral head segments.

If femoral head-sparing procedures are to be successful
for the treatment of post-collapse osteonecrosis, the viability
of the overlying articular cartilage must be considered. The
primary goal of this study was to test the hypothesis that col-
lapse of the subchondral bone in patients with osteonecrosis
of the femoral head leads to significant degenerative changes
in the articular cartilage. The second goal of the study was to
determine whether clinical assessment with radiographs, le-
sion size, and the gross appearance of the cartilage could accu-
rately predict articular cartilage degeneration in patients with
osteonecrosis of the femoral head.

Materials and Methods
Sample Procurement and Histologic Analysis

hirty-seven fresh femoral heads were obtained for analysis
following total hip arthroplasties through a process ap-

proved by the institutional review board of Duke University
Medical Center. Eight femoral heads were from patients with
stage-IV osteonecrosis, five femoral heads were from patients
with stage-V osteonecrosis, and twenty-four femoral heads
were from individuals who did not have osteonecrosis. The
size of the osteonecrotic lesion on each femoral head was
quantified with digital photography by measuring the per-
centage of the surface that was involved. All of the lesions were
in the medial, anterosuperior portion of the femoral head. Su-
perior views of a typical osteonecrotic femoral head and a
normal femoral head are shown in Figure 1.

A sample containing both articular cartilage and sub-
chondral bone was obtained from the anterosuperior portion
of each femoral head. The sample contained cartilage from
both the central and the peripheral regions of the osteone-
crotic lesion, if one was present. The specimen was decalcified
in 5% formic acid and embedded in paraffin. Five 5-µm slices
were cut from each sample, placed on glass slides, and stained

with toluidine blue. The degree of degeneration of the articu-
lar cartilage of each specimen was graded by three blinded in-
vestigators using a semiquantitative scale derived from the
scale described by Mankin et al.11. The parameters for grading
the cartilage included histologic assessment of the degree of
cartilage surface fibrillation, loss of proteoglycan staining,
amount of chondrocyte cloning, and subchondral bone thick-
ness as well as a rating of the gross appearance of the cartilage,
as judged with the naked eye, on a scale ranging from 0 (nor-
mal) to 3 (severe degeneration)11,12. When there was substan-
tial variability in the condition of the cartilage in different
portions of the sample, the most severely degenerated section
was graded. Inter-rater reliability was assessed by calculating
intraclass correlation coefficients13. Coefficients between 0.40
and 0.75 were considered good, and those that were >0.75
were considered excellent. The correlation coefficients were
0.60 for surface fibrillation, 0.48 for loss of toluidine-blue
staining, 0.45 for chondrocyte cloning, 0.44 for subchondral
bone thickness, and 0.60 for gross cartilage appearance.

Radiographic Staging
All femoral heads with osteonecrosis were staged radiographi-
cally by an experienced orthopaedic surgeon (T.P.V.) using the
criteria described by Marcus et al.14 and recently revised by Ur-
baniak and Harvey3. Stage I is characterized by a normal radio-
graphic appearance, but pathologic findings include infarction
of weight-bearing portions of the head. In stage-II osteonecro-
sis, radiographs reveal density changes in the femoral head, scle-
rosis, or cyst formation. Stage-III osteonecrosis is characterized
by subchondral fracture, visible on radiographs as the crescent
sign, with preservation of the contour of the femoral head. The
hallmark of stage-IV osteonecrosis is flattening of the femoral
head without signs of cartilage degeneration. Stage V is charac-
terized by radiographic evidence of osteoarthritis, visible as
joint space narrowing or osteophyte formation. Stage VI is de-
fined as arthritis involving both the femoral and the acetabular
joint surface.

T

Fig. 1

Superior view of a femoral head with post-collapse osteonecrosis (A) and a normal femoral head 

(B). The outline of the collapsed segment is clearly visible in the osteonecrotic specimen, as is 

gross evidence of cartilage degeneration at the periphery of the lesion. Note the contrast with 

the smooth appearance of the articular cartilage in the normal, control femoral head.
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Mechanical Testing
The mechanical properties—in tension, compression, and
shear—of the cartilage samples from each femoral head in
this group were determined quantitatively and are presented
elsewhere15.

Statistical Analysis
The data regarding the histologic and gross appearance of
each specimen were assessed with a multivariate factor analy-
sis (principal components analysis) with use of the Statistica
software package (Statsoft, Tulsa, Oklahoma). Each variable,
whether it is ranked, nominal, or continuous, contributes to
this type of analysis, and the degree of correlation between the
variables is determined. Correlated variables are then com-
bined linearly to form a set of continuous variables known as
“factors.” These factors, which reflect the variability in the
original data, can then be compared with other continuous
variables such as mechanical moduli12,16. Analysis of the vari-
ous measured parameters yielded a single factor that ac-
counted for >70% of the variance in the histologic and gross
data. Each individual grading parameter as well as the sum of
all of the parameters for each femoral head contribute to this
factor (Table I). In this respect, this factor represents a modi-
fied Mankin score, reflecting the overall histologic grade of
each femoral head; however, in contrast to the Mankin score,
factor analysis combines all of the histologic and gross data
into a single score without assuming any weighting of the pa-
rameters a priori. The single factor yielded by this analysis will
be referred to as the “histologic score” throughout the paper.

A multivariate analysis of variance was used to test for
significant differences among normal cartilage, stage-IV os-
teonecrotic cartilage, and stage-V osteonecrotic cartilage with
regard to the histologic score, gross appearance, equilibrium
and dynamic tensile moduli, failure strain, failure stress, en-
ergy to failure, Poisson ratio, aggregate compressive modulus,
fluid permeability, equilibrium and dynamic shear moduli,
and loss angle. When multivariate analysis of variance re-
vealed a significant difference (p < 0.05), a Student-Newman-
Keuls post hoc test was used to determine which parameters
were significantly different.

To describe the relationship between the mechanical
properties of the post-collapse osteonecrotic cartilage and the

observable patient factors, the samples from stage-IV and
stage-V osteonecrotic hips were pooled and analyzed together.
This pooling is justified by the demonstration in this study of
no significant differences in mechanical or histologic proper-
ties between stage-IV and stage-V osteonecrotic samples. The
pooling also allows our findings to be applied to all femoral
heads with an early post-collapse stage of disease rather than
relying on the relatively arbitrary distinction between stage-IV
and stage-V osteonecrosis. The relationship of the mechanical
properties of the cartilage with continuous variables (gross
appearance of the cartilage, lesion size, and patient age) as well
as the correlation between the gross and histologic grades of
the cartilage were elicited by linear regression. The relation-
ship between the mechanical properties and the gender of the
patient was determined with a t test.

Results
he histologic scores for the femoral heads without os-
teonecrosis were found to be bimodally distributed along

a continuum from completely normal to osteoarthritic; there
was clustering into two groups with a median score of 35 (Fig.
2). The thirteen femoral heads with lower histologic scores
(<35) were considered to be non-osteoarthritic, and they
formed the control group. It is important to note that the
method of statistical analysis used in this study includes a
unique combination of known parameters for grading os-
teoarthritis, so a histologic score of 35 does not directly corre-
late with a specific Mankin score. The decision to establish 35
as a cutoff value was based on a gap in the distribution of his-
tologic scores in which only one femoral head had a score be-
tween 27 and 37. This femoral head, which had a score of 32,
was included in the control group.

The histologic score and several mechanical properties,
including the central aggregate compressive modulus, central
equilibrium shear modulus, central dynamic shear moduli at
all shear rates, and central loss angle at 0.01 rad/s, of both the
stage-IV and the stage-V osteonecrotic cartilage were found to
be significantly different from those of the non-osteoarthritic

T

TABLE I Relative Contribution of Each Cartilage Grading 
Parameter to the Histologic Score 

Parameter
Relative Contribution 
to Histologic Score

Surface fibrillation 0.869

Loss of proteoglycan staining 0.798

Chondrocyte cloning 0.828

Subchondral bone thickness 0.696

Gross cartilage appearance 0.827

Sum of all parameters 0.997

Fig. 2

Distribution of histologic scores and aggregate compressive moduli of 

non-osteonecrotic femoral heads. The vertical line indicates the cutoff 

value for the control group (a score of <35).
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controls (p < 0.05, multivariate analysis of variance). With the
numbers available, no differences in any histologic or me-
chanical properties were found between the stage-IV osteone-
crotic cartilage and the stage-V osteonecrotic cartilage (Fig. 3
and Appendix). The thickness of the cartilage samples did not
differ significantly among the three groups. The mean thick-
ness (and standard deviation) of the tensile specimens was 280
± 50 µm, and the mean thickness of the shear and compres-
sion specimens obtained from directly over the lesion, or from
a similar position in the control samples, was 1.35 ± 0.29 mm.
The average patient age did not differ significantly between
the stage-IV group (49 ± 9 years) and the stage-V group (55 ±
7 years), whereas the control patients were older (65 ± 11
years) than the patients in either osteonecrotic group (p <
0.05 for the comparison with the stage-IV group).

A more degenerated gross appearance of the cartilage
correlated strongly (r2 = 0.84, p < 0.00001) with an increased
histologic score (Fig. 4) and was also significantly associated
(p < 0.05) with decreased equilibrium and dynamic tensile
moduli, decreased central and peripheral aggregate compres-
sive moduli, increased central fluid permeability, decreased
central and peripheral equilibrium shear moduli, decreased
central and peripheral dynamic shear moduli at all shear rates,
and increased central loss angle at 0.01 rad/s (see Appendix).
Central and peripheral dynamic shear moduli are only shown
at 0.01 rad/s as these correlations are representative of the re-
lationships at all strain rates. A significant correlation was ob-
served between the central aggregate compressive modulus
and gross cartilage appearance (Fig. 5; r2 = 0.38, p < 0.05) and
is representative of the relationship between the mechanical
properties and the gross cartilage appearance.

Increasing lesion size was not significantly associated
with the histologic score, gross cartilage appearance, or any
mechanical property of the cartilage. Increasing patient age
was significantly associated (p < 0.05) with decreased central
aggregate compressive modulus and decreased central dy-
namic shear moduli at all strain rates. No association was
noted between the patient age and the histologic score or any
other mechanical property. There was no relationship between
the gender of the patient and any histologic or mechanical
property of the post-collapse osteonecrotic cartilage.

Discussion
he results of this analysis suggest that the radiographic
stage of late-stage osteonecrosis of the femoral head

does not correlate linearly with objective measures of carti-
lage function. Mechanical and histologic properties provide
a quantitative measure of cartilage function11,17. Osteoar-
thritic cartilage is generally less stiff in tension, shear, and
compression and more permeable to fluid flow than is nor-
mal cartilage18-21. Histologic findings of osteoarthritis include
surface fibrillation, subchondral bone thickening, loss of
toluidine-blue staining, and chondrocyte cloning11,12. To-
gether, these properties provide an accurate quantification of
osteoarthritic changes in articular cartilage. The relatively
large Poisson ratios described in this study reflect the aniso-
tropic behavior characteristic of the collagen fibril organiza-
tion of the superficial zone of articular cartilage. It is
important to note that the Poisson ratio cannot exceed 0.5
for an isotropic material, but the ratios are commonly much
higher for anisotropic materials, including the superficial re-

T

Fig. 3

Selected mechanical properties of non-os-

teonecrotic, stage-IV osteonecrotic (ON), and 

stage-V osteonecrotic cartilage. An asterisk 

indicates a significant difference between 

groups.

Fig. 4

Relationship of the histologic score with the gross appearance of the 

cartilage in patients with post-collapse osteonecrosis of the femoral 

head (r2 = 0.84, p < 0.00001).
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gion of articular cartilage22-25. Our finding of Poisson ratios of
1.1 to 1.9 for articular cartilage in tension is consistent with
the previously reported Poisson ratios of 1.9 for human pa-
tellar cartilage and 2.13 for the meniscus22,25.

Femoral head articular cartilage from sites directly over
both stage-IV and stage-V osteonecrotic lesions showed a sig-
nificant decrease in aggregate compressive modulus, equilib-
rium shear modulus, and dynamic shear moduli at all rates as
well as an increase in loss angle at all strain rates and in the
histologic score when compared with control specimens.
However, no significant difference in any mechanical or histo-
logic property was noted between stage-IV and stage-V os-
teonecrotic cartilage. This finding adds to a growing body of
evidence that radiographic studies may not provide a reliable
assessment of articular cartilage degeneration in patients with
post-collapse osteonecrosis of the femoral head. Ruch et al.
showed poor correlation between radiographic and arthro-
scopic assessment of femoral head cartilage in patients with
early post-collapse osteonecrosis, as arthroscopic evaluation
revealed lesions that had not been noted on plain radiography
or magnetic resonance imaging10. Two other recent studies
showed evidence that both gross and histologic changes can
occur in the acetabular cartilage without radiographic evi-
dence of degeneration9,26,27.

There have been few clinical studies examining the utility
of femoral head-sparing procedures in patients with stage-V os-
teonecrosis. A 1995 study involving 103 hips, including sixty-
two in stage IV or V, demonstrated no difference in outcome
between stage-IV and V hips, although both groups showed sig-
nificantly worse outcomes than pre-collapse hips28. A follow-up
study in 1998 by the same first author, which included addi-
tional patients, did reveal a significant difference between the
outcomes of patients with stage-IV disease and those with

stage-V disease3. A disproportionate number of patients with
stage-V disease were operated on earlier in the study.

While it is clear from our analysis that early post-collapse
osteonecrotic cartilage shows evidence of degeneration and
corresponding changes in mechanical properties when com-
pared with normal controls, it is also apparent that there is
wide variation in these properties within the osteonecrotic
group. Whereas the radiographic stage of osteonecrosis did
not accurately predict the changes in mechanical properties
of the articular cartilage, the gross appearance of the femoral
head was a very accurate predictor of both histologic grade
and mechanical properties in tension, compression, and
shear. Thus, gross assessment of the articular cartilage prior
to a femoral head-sparing procedure in a patient with femo-
ral head osteonecrosis might give a better indication of the
histologic and mechanical properties of the articular carti-
lage than can be inferred from radiographic analysis alone.
Gross assessment of the cartilage can be performed with an
arthroscope. However, it has not yet been established that
less degenerated and more mechanically functional cartilage
predicts a lower rate of clinical failure of femoral head-sparing
procedures. It is likely that other factors, such as poor post-
operative congruence between the femoral head and the
acetabulum or subchondral bone collapse, outweigh the
contribution of the cartilage to the success of available head-
sparing procedures. If the head-sparing procedures were
more successful in arresting the progression of the osteone-
crosis and supporting the subchondral bone, then the func-
tional properties of the articular cartilage would increase in
importance.

We found no evidence that a larger lesion is associated
with more degenerated articular cartilage. This finding
should be distinguished from the clinical observation that
larger femoral head lesions correlate with a lower chance of
halting progression of osteonecrosis. Treatment of very large
osteonecrotic lesions with femoral head-sparing procedures
yields poor outcomes7,8, which can be attributed to the diffi-
culty of achieving full débridement of necrotic bone, late
fragmentation of the collapsed segment, and the inability to
achieve a proper femoral head contour after a large collapse.
It is unlikely that these poorer outcomes are due to the pres-
ence of a more degenerated articular surface at the time of
surgery.

No relationship was found between the gender of the
patient and any histologic or mechanical property in this
study. Older patients with post-collapse osteonecrosis were
found to have decreased cartilage strength in compression and
shear. This finding probably reflects the increased prevalence
of osteoarthritis in older populations, independent of the
presence of osteonecrosis.

In summary, we found no evidence that the radiographic
stage of the lesion predicts the histologic or mechanical prop-
erties of articular cartilage in patients with post-collapse
osteonecrosis of the femoral head. We noted substantial inter-
specimen variability in the mechanical and histologic proper-
ties of the femoral head after collapse. However, macroscopic

Fig. 5

Relationship of the central aggregate compressive modulus with the 

gross appearance of the cartilage in patients with post-collapse os-

teonecrosis of the femoral head (r2 = 0.38, p < 0.05).
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assessment of the degree of degeneration of the articular sur-
face correlated well with the mechanical and histologic mea-
sures of cartilage degeneration. A larger lesion did not predict
a poorer histologic grade or inferior mechanical properties of
cartilage in tension, compression, or shear. The results of this
study suggest that articular cartilage that appears normal mac-
roscopically may maintain its mechanical properties in later
radiographic stages of osteonecrosis, a finding that lends sup-
port to head-sparing surgical strategies designed to restore the
contour of the femoral head.

Appendix
Tables presenting the histologic, gross, and mechanical
properties and selected correlations of these properties

are available with the electronic versions of this article, on our
web site at jbjs.org (go to the article citation and click on
“Supplementary Material”) and on our quarterly CD-ROM
(call our subscription department, at 781-449-9780, to order
the CD-ROM). �
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Open Rotator Cuff Repair 
without Acromioplasty

BY WREN V. MCCALLISTER, MD, I. MOBY PARSONS, MD, 
ROBERT M. TITELMAN, MD, AND FREDERICK A. MATSEN III, MD

Investigation performed at the Department of Orthopaedics and Sports Medicine, 
University of Washington Medical Center, Seattle, Washington

Background: In most clinical reports on rotator cuff repair, acromioplasty was done as part of the procedure. In this
prospective study, we evaluated the hypothesis that rotator cuff repair without acromioplasty would result in a sub-
stantial improvement in shoulder comfort and function.

Methods: Ninety-six consecutive primary repairs of full-thickness tears of the rotator cuff were performed through a
deltoid-muscle-splitting incision that preserved the integrity of the coracoacromial arch and the deltoid insertion. All
patients were invited to participate in a prospective study involving periodic self-assessment of shoulder function with
the Simple Shoulder Test and general health status with the Short Form-36 (SF-36) questionnaire, both of which are
validated instruments. Sixty-one patients provided follow-up information for at least two years postoperatively, and
the average duration of follow-up was five years. Thirty-four of the tears involved the supraspinatus tendon alone; six-
teen involved the supraspinatus and infraspinatus tendons; and eleven involved the supraspinatus, infraspinatus,
and subscapularis tendons.
Results: The percentage of shoulders that could be used to perform each of the twelve functions on the Simple Shoul-
der Test was significantly increased postoperatively (p < 0.002). Men and women had different degrees of function pre-
operatively (p < 0.00000001) and postoperatively (p < 0.001), but the improvement in function was essentially identical
for the two genders. The mean improvement in the number of shoulder tests that could be performed was best for the
patients with one-tendon tears (4.9 tests), next best for those with two-tendon tears (3.6 tests), and worst for those
with three-tendon tears (3.3 tests). SF-36 scores for physical role (p < 0.003) and comfort (p < 0.0001) were signifi-
cantly improved postoperatively.

Conclusions: Significant improvement in self-assessed shoulder comfort and in each of the twelve shoulder func-
tions was observed after rotator cuff repairs performed without acromioplasty. The technique that we used is very
similar to that described by Codman almost seventy years ago.

Level of Evidence: Therapeutic Level IV. See Instructions to Authors for a complete description of levels of evidence.

n most series of rotator cuff repairs, acromioplasty was
performed as part of the technique1-3. Recently, McKee
and Yoo1 reported the results of rotator cuff surgery per-

formed in sixty-seven patients, thirty-one of whom had repair
of a rotator cuff tear in association with a standard open acro-
mioplasty and resection of the subacromial bursa. Although
their analysis did not distinguish between patients who had
had a rotator cuff repair and those who had had an acromio-
plasty alone, they concluded that the surgery performed in
their study reliably and significantly improves the general
health status of patients with chronic rotator cuff disease.

In his 1934 book, The Shoulder: Rupture of the Supra-
spinatus Tendon and Other Lesions in or about the Subacromial
Bursa, Codman described rotator cuff repair without acromio-
plasty or incision of the coracoacromial ligament4. He stated:
“the coraco-acromial ligament has an important duty and

should not be thoughtlessly divided at any operation.” Codman
reported excellent results for some patients. For example, one
patient worked full time on a farm for twelve years after the ro-
tator cuff repair without acromioplasty.

A number of authors have described the disadvantages
associated with acromioplasty and sectioning of the coracoac-
romial ligament. Specifically, anteroinferior acromioplasty
can weaken the deltoid muscle origin when the anterior acro-
mial fibers are detached as part of the procedure, creating a
risk of postoperative avulsion2,5-7. Radical acromioplasty re-
sults in substantial changes in the deltoid origin and conse-
quently compromises shoulder function2,5-7. When there is an
irreparable rotator cuff tear, resection of the acromion and the
coracoacromial ligament can lead to anterosuperior insta-
bility8-11. After acromioplasty, a cicatrix can form between the
raw cancellous undersurface of the remaining acromion and
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the repaired tendon12. The resulting adhesions that form in the
humeroscapular interface between the acromion and the rota-
tor cuff can limit motion and cause discomfort5,13. Budoff et al.
demonstrated that débridement of partial-thickness rotator
cuff tendinosis or tears without acromioplasty was an effective
long-term treatment14.

In the current prospective study, we evaluated the hy-
pothesis that repair of full-thickness rotator cuff tears without
acromioplasty can result in substantial improvement in shoul-
der comfort and function.

Materials and Methods
rom November 17, 1992, to December 19, 2000, the se-
nior author (F.A.M. III) performed ninety-six consecu-

tive open repairs of primary full-thickness tears of the
rotator cuff without acromioplasty. All patients were invited
to participate in a prospective end-result study by providing
periodic self-assessment of shoulder function with use of
validated instruments. Sixty-one patients provided follow-
up data for at least two years postoperatively. The duration
of follow-up ranged from two to ten years, and the average
duration (and standard deviation) was 5 ± 2.2 years. The re-
maining thirty-five patients did not send back question-
naires at least two years after the surgery and were, therefore,
not included in the study. We did not determine the reasons
for their lack of long-term participation. Patients with an ir-
reparable rotator cuff tear, previous rotator cuff or acromial
surgery, or a partial-thickness rotator cuff tear were not in-
cluded in the study. Patients with a Workers’ Compensation
claim also were not included because a prior investigation
showed that the preoperative characteristics of such patients
differ significantly (p < 0.001) from those of patients whose
shoulder problems are not covered by Workers’ Compensa-
tion insurance15. Preoperative shoulder function and general
health status were assessed with the Simple Shoulder Test16,17

and the Short Form-36 (SF-36)18,19, respectively. Simple
Shoulder Test and SF-36 questionnaires were mailed to the
patients at six-month intervals after the surgery.

The Simple Shoulder Test is a standardized twelve-question
questionnaire for self-assessment of shoulder function5,16,17. It
has high test and retest reproducibility, is sensitive to a wide va-
riety of shoulder disorders, and is practical for documenting the
efficacy of treatment of shoulder conditions5,17,20-22. It also has
high test and retest reliability, can be completed by the patient
in a short amount of time, is easy to score, and has satisfactory
responsiveness23,24. Patients without rotator cuff disease or an-
other shoulder disorder can perform all twelve functions of the
Simple Shoulder Test16, and the questionnaire has been used to
show the substantial variability in the clinical expression of full-
thickness rotator cuff tears25.

The SF-36 is a validated, standardized questionnaire for
self-assessment of general health status18,19,26 that is commonly
used in the United States27. It has been applied to the evalua-
tion of shoulder disorders5,16,17,20,28,29.

In this series, the surgical goals were based on the prin-
ciples enunciated by Codman—namely, that the tendon is re-

paired to give power to the arm and a frictionless lower bursal
surface is created to relieve inflammation and pain4. The sur-
gical technique has been previously described in detail30. The
operation begins with an incision along the Langer lines ap-
proximately 1 cm distal to the anterolateral border of the acro-
mion. The “deltoid-on approach” avoids any detachment of
the deltoid from the acromion or clavicle. It is carried out
through a 3-cm split in the most prominent anterolateral
raphe of the deltoid muscle near its origin from the acromion.
The different aspects of the rotator cuff are exposed through
this deltoid split by positioning the arm as needed in flexion
and extension and in internal and external rotation as advo-
cated by Codman4.

The hypertrophic bursa is resected from the subacro-
mial space and from the surface of the rotator cuff to allow ad-
equate visualization of the torn rotator cuff and to ensure a
smooth rotator cuff surface to articulate with the undersurface
of the coracoacromial arch. The undersurface of the coracoac-
romial arch usually is smooth to palpation. If prominent ex-
crescences are palpated, they are smoothed without resection
of the coracoacromial arch or the acromion. Although, in
some cases, radiographs show calcification in the coracoacro-
mial ligament, this calcification typically does not encroach
on the rotator cuff as it moves beneath the arch. Calcification
within the ligament is not resected unless it disrupts the
smooth contour of the inferior surface of the coracoacromial
arch. The extent of the rotator cuff tear is then defined in
terms of which tendon or tendons are torn31.

The rotator cuff is mobilized as necessary and is repaired
under gentle tension into a trough at its anatomic insertion
with use of simple number-2 braided polyester sutures passed
through transosseous tunnels, as advocated by Codman4 and
Matsen et al.5,30. The sutures are placed 6 mm apart. The num-
ber of sutures used depends on the length of the detachment.
The trough is intended to effect a smooth transition from ten-
don to bone with use of an “inlay” rather than an “onlay” tech-
nique to optimize the contact area between the tendon and
bone, to prevent joint fluid from entering the repair site, to
maintain bone-tendon contact even if unexpected traction is
applied to the repair, and to expose the tendon edge to the heal-
ing tissue from the subchondral bone32,33. When a side-to-side
component of the repair is needed, simple sutures are used,
with the knots buried again to allow a smooth upper surface of
the repaired cuff. Every effort is made to reestablish the normal
smoothness of the convex aspect of the cuff and its insertion as
well as to preserve the integrity and smoothness of the under-
surface of the coracoacromial arch. Finally, the deltoid is closed
in a side-to-side fashion with number-0 polyglycolic acid ab-
sorbable sutures.

In this study, the efficacy of the procedure was defined as
the difference between the final and the initial Simple Shoulder
Test and SF-36 scores. The percent efficacy was defined as the
mean efficacy divided by the mean preoperative value for each
test. Responsiveness was determined on the basis of the stan-
dardized response mean, which is defined as the mean efficacy
divided by the standard deviation of the efficacy24,34. Responsive-
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ness is defined as large if the value is >0.80, moderate if it is be-
tween 0.50 and 0.80, and poor if it is <0.5024.

Statistical Analysis
The Student t test was used to compare the preoperative and
follow-up values of continuous data, such as the SF-36 scores35.
The chi-square test was used to compare the preoperative and
follow-up values for noncontinuous, categorical data, such as
the Simple Shoulder Test functions36.

Results
Patient Characteristics

he average patient age was 61 ± 11 years (range, thirty to
eighty-four years). Forty-two of the sixty-one patients were

men. The supraspinatus tendon only was ruptured in thirty-four
patients (56%); both the supraspinatus and the infraspinatus
were ruptured in sixteen patients (26%); and the supraspinatus,
infraspinatus, and subscapularis were all ruptured in eleven pa-
tients (18%). All sixty-one patients provided follow-up data for
at least two years (range, two to ten years; average, 5 ± 2.2 years).
The effectiveness of the procedure was correlated with age, gen-
der, and the number of tendons involved.

General Health Status (SF-36)
There was significant postoperative improvement in two of the
eight parameters of the SF-36: the average physical role function
score improved from 33 points preoperatively to 56 points post-
operatively (p < 0.003), and the average comfort score im-
proved from 40 to 67 points (p < 0.0001). The changes in the

remaining parameters were not significant: physical function
improved from 66 to 70 points; social function, from 78 to 79
points; emotional role decreased from 74 to 69 points; mental
health improved from 74 to 79 points; vitality, from 61 to 63
points; and general health decreased from 75 to 74 points.

Shoulder Function (Simple Shoulder Test)
The patients were able to perform a mean of five of the twelve
functions on the Simple Shoulder Test before the surgery and a
mean of nine at the time of the last follow-up (p < 0.0001).
Thus, the average efficacy was six, and the percent efficacy was
120%. As reflected by the total number of Simple Shoulder Test
functions that the patients could perform, these rotator cuff re-
pairs had a large responsiveness, as indicated by a standardized
response mean of 1.09. As seen in Figure 1, the percentage of
shoulders that could be used to perform each of the twelve Sim-
ple Shoulder Test functions was significantly increased after ro-
tator cuff repair without acromioplasty (p < 0.002).

Influence of Age, Gender, 
and Number of Tendons Involved
With the numbers available, patient age did not correlate with
improvement after the rotator cuff repair. The mean number of
functions that the women could perform improved from 2.3
before the surgery to seven at the time of the last follow-up,
whereas the mean number of functions that the men could per-
form improved from 6.3 to 10.6. Therefore, while men and
women had significantly different degrees of function preopera-
tively (p < 0.00000001) and postoperatively (p < 0.001), the im-

T

Fig. 1

Results of the Simple Shoulder Test in the current series of sixty-one patients. The p values rep-

resent the difference between the preoperative (black bars) and follow-up (white bars) percent-

ages of patients who could perform each function.
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provement in the number of functions was essentially identical.
The patients with only one torn tendon had the great-

est improvement in the number of shoulder functions that
they could perform (from 5.2 to 10.1), those with two torn
tendons had the next greatest improvement (from 4.8 to
8.4), and those with three torn tendons had the least im-
provement (from 5.6 to 8.8).

There were no surgical or perioperative complications
in this group of patients.

Discussion
cromioplasty has been advocated as an integral part of ro-
tator cuff repair. Blevins et al.37 reported that fifty-seven

(89%) of sixty-four patients were satisfied with the result of a
mini-open method of rotator cuff repair that included an ar-
throscopic acromioplasty and resection of the coracoacromial
ligament. Gartsman et al.28 performed arthroscopic acromio-
plasty with rotator cuff repair, after which the mean University
of California Los Angeles score38 improved from 12.4 to 31.1
points, the mean shoulder index of the American Shoulder
and Elbow Surgeons39 improved from 30.7 to 87.6 points, and
the mean rating with the Constant and Murley system40 im-
proved from 41.7 to 83.6 points. Hawkins et al.41 reported that
86% of their patients had relief of pain after repair combined
with acromioplasty. Romeo et al.42 reported a mean value of
ten on the Simple Shoulder Test after rotator cuff repair with
acromioplasty, a result that is comparable with the average
outcome of the repairs without acromioplasty in the current
series of patients.

Some surgeons have not included acromioplasty as a
routine part of rotator cuff surgery. For example, Budoff et
al.14 reported that partial-thickness tears were treated effec-
tively without acromioplasty.

The current study showed that substantial and signifi-
cant improvement in shoulder comfort and the ability to per-
form specific shoulder functions can be achieved with repair
of full-thickness rotator cuff tears without acromioplasty or
section of the coracoacromial ligament.

Although dissimilarities in assessment metrics have
made it difficult to compare results among different series,
McKee and Yoo1 used the same assessment tools as were used
in the current study when they evaluated the results of rotator
cuff surgery with acromioplasty. They followed sixty-seven
patients, who had an average age of fifty-six years, for twenty-
four months after the surgery. Thirty-one patients had a rota-
tor cuff repair as part of the surgery, although the data in that
group were not analyzed separately. The results in the study by
McKee and Yoo included an improvement from 21 to 42
points in the average physical role function score of the SF-36
and an improvement from 39 to 66 points in the average com-
fort score. We followed sixty-one patients, who had an average
age of sixty-one years, for an average of sixty months after the
surgery. Our results were comparable with those reported by
McKee and Yoo, with our patients having an improvement
from 33 to 56 points in the average physical role function
score and an improvement from 40 to 67 points in the average

comfort score. The patients in the study by McKee and Yoo
could perform an average of four functions on the Simple
Shoulder Test before the rotator cuff surgery, which improved
to an average of nine functions after the surgery (p < 0.00001).
Our patients could perform an average of five functions before
the rotator cuff repair, which improved to an average of nine
functions after the surgery (p < 0.0001). Although the cohorts
in the two studies were not identical, it is of interest that the
improvements in the SF-36 and Simple Shoulder Test results
were similar.

While it has been theorized that subacromial impinge-
ment contributes to the progression of cuff degeneration, it
has not been established that acromioplasty effectively pre-
vents progressive failure of the rotator cuff 43. It has been sug-
gested that the primary mechanism of rotator cuff failure is
tension, which is more likely to occur as a person ages and
the cuff tendons undergo normal degenerative changes and
weaken5,44,45. Furthermore, while animal studies modeling sub-
acromial impingement showed partial-thickness rotator cuff
tears on the bursal side of the cuff 46, most partial-thickness
tears in humans are found on the articular side of the rotator
cuff 5,47-49. Finally, the gross and histological appearance of ten-
don adjacent to rotator cuff defects does not suggest either in-
flammation or abrasive wear50. These findings all suggest that
acromial abrasion on the cuff may not be the common patho-
genetic factor in cuff failure.

While the prevalence of complications after acromio-
plasty has not been rigorously documented, avoidance of acro-
mioplasty eliminates those risks, which include the potential for
deltoid detachment5-7 or weakening2,5,51,52, anterosuperior insta-
bility5,53,54, and formation of adhesions of the rotator cuff to the
bleeding cancellous bone of an osteotomized acromion5,12,13,55.

The current study has several limitations that are similar
to the limitations of the study by McKee and Yoo1. First, imag-
ing tests were not done at the time of follow-up to determine
the integrity of the rotator cuff. Second, the average duration of
follow-up was only five years. Finally, there was no direct com-
parison between patients who had rotator cuff repair with acro-
mioplasty and section of the coracoacromial arch and those
who had rotator cuff repair without those procedures. However,
none of these limitations compromised our conclusion that re-
pair of full-thickness rotator cuff defects without acromioplasty
resulted in significant functional improvement. �
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Uncemented Glenoid Component
Total Shoulder Arthroplasty

SURVIVORSHIP AND OUTCOMES

BY SCOTT DAVID MARTIN, MD, DAVID ZURAKOWSKI, PHD, AND THOMAS S. THORNHILL, MD

Investigation performed at the Department of Orthopedics, Brigham and Women’s Hospital, Boston, Massachusetts

Background: Glenoid component loosening continues to be a major factor affecting the long-term survivorsh
tal shoulder replacements. Radiolucent lines, cement fracture, migration, and loosening requiring revision a
mon problems with cemented glenoid components. The purpose of this study was to evaluate the results
shoulder arthroplasty with an uncemented glenoid component and to identify predictors of glenoid componen

Methods: One hundred and forty-seven consecutive total shoulder arthroplasties were performed in 132 
(mean age, 63.3 years) with use of an uncemented glenoid component fixed with screws between 1988 an
One hundred and forty shoulders in 124 patients were available for follow-up at an average of 7.5 years. On
der in which the arthroplasty had failed at 2.4 years and for which the duration of follow-up was four years w
included for completeness. The preoperative diagnoses included osteoarthritis in seventy-two shoulders and 
toid arthritis in fifty-five.

Results: Radiolucency was noted around the glenoid component and/or screws in fifty-three of the 140 sh
The mean modified ASES (American Shoulder and Elbow Surgeons) score (and standard deviation) improv
15.6 ± 11.8 points preoperatively to 75.8 ± 17.5 points at the time of follow-up. Eighty-five shoulders were n
ful, forty-two were slightly or mildly painful, ten were moderately painful, and three were severely painful. Fiftee
of the glenoid components failed clinically, and ten of them also had radiographic signs of failure. Eleven othe
ders had radiographic signs of failure but no symptoms at the time of writing. Three factors had a significant i
dent association with clinical failure: male gender (p = 0.02), pain (p < 0.01), and radiolucency adjacent to
tray (p < 0.001). In addition, the annual risk of implant revision was nearly seven times higher for patients wi
graphic signs of failure. Clinical survivorship was 95% at five years and 85% at ten years.

Conclusions: The failure rates of the total shoulder arthroplasties in this study were higher than those in pr
reported studies of cemented polyethylene components with similar durations of follow-up. Screw breakage
cessive polyethylene wear were common problems that may lead to additional failures of these uncemented
components in the future.

Level of Evidence: Therapeutic Level IV. See Instructions to Authors for a complete description of levels of e

n 1955, Neer reported on shoulder hemiarthroplasty in
patients with fracture-dislocation of the humeral head1.
In the 1970s, he began resurfacing the glenoid with a ce-

mented polyethylene component2. Since that initial report,
many investigators have described successful results of total
shoulder arthroplasty, with excellent pain relief, increased
range of motion, and functional improvement3-20. Cement fix-
ation of the glenoid component has been shown to produce
reliable results with no need for alternative fixation methods21.
However, there has been increasing concern about the high
prevalence of radiolucent lines at the cement-bone interface,
which have been noted around 30% to 95% of cemented glen-
oid components3-11,16,19-28. In addition, even with modern ce-
menting techniques, at least one-fifth of these radiolucent

lines are progressive over time, and several autho
ported loosening rates ranging from 4% to 15% at
short to intermediate-term follow-up3,4,6-8,10,11,13,29,30.

These studies suggest that currently available
for fixation of the glenoid component may eventua
tor limiting the long-term success of total shou
plasty. In addition, there has been concern about
bone stock available for glenoid fixation and the p
future bone loss with removal of cement during 
an effort to address the difficulties associated with
glenoid component, cementless press-fit and tissu
glenoid components have been designed. The pur
study was to evaluate the clinical and radiograp
mance of a plasma-sprayed, screw-fixed uncemen

I
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component as part of a total shoulder arthroplasty system and
to identify factors associated with its failure.

Materials and Methods
etween September 1988 and June 1996, 147 consecutive
total shoulder arthroplasties were performed with an un-

cemented glenoid component in 132 patients. Follow-up data
were available for 140 of these shoulders in 124 patients (six-
teen of whom had a bilateral total shoulder arthroplasty). The
analysis of the clinical outcomes was based on all of the shoul-
ders that had been followed for more than five years, with use
of the data obtained at the most recent clinical evaluation.
Thirteen patients (fifteen shoulders) had died before the time
of this review but had been followed for more than five years,
and they were included. The mean duration of follow-up (and
standard deviation) was 7.5 ± 2.5 years (range, 5.2 to 13.4
years). In addition, a shoulder in which the arthroplasty had
failed 2.4 years after surgery, and for which the duration of
follow-up was four years, was included in order to report all of
the known failures.

There were thirty-five men and eighty-nine women with
an average age of 63.3 ± 13 years (range, twenty-two to ninety-
two years). There were seventy-four right and sixty-six left
shoulders. Seventy-seven involved shoulders were on the
dominant side, fifty-seven were on the nondominant side, and
six were in patients who were ambidextrous. The primary in-
dication for the total shoulder arthroplasty was radiographic
evidence of destroyed glenohumeral articular cartilage with
concomitant pain and a competent rotator cuff or a repairable
rotator cuff tear as determined at the time of surgery.

The preoperative diagnoses included osteoarthritis in
seventy-two shoulders (51%), rheumatoid arthritis in fifty-one
(36%), juvenile rheumatoid arthritis in four (3%), osteonecro-
sis in twelve (9%), and fracture malunion in one (0.7%). Fifty-
six shoulders had a concomitant rotator cuff tear. Tears were
classified as fraying or attenuation without a discrete tear or as
small (<1 cm), moderate (1 to 3 cm), large (>3 to 5 cm), or
massive (>5 cm). The rotator cuff was normal in eighty-four
shoulders (60%) and thinned or frayed in fifteen (11%). A
small or moderate tear was noted in eight shoulders (6%), and a
large or massive tear was seen in thirty-three (24%). The rotator
cuff repair was incomplete in three shoulders with a massive
tear, whereas a complete repair was performed in all other
shoulders with a tear.

Eight patients (eight shoulders) had an occupation re-
quiring moderate-to-strenous labor, twenty-six patients (twenty-
nine shoulders) performed light manual labor, thirty-seven
patients (forty-three shoulders) performed sedentary work
(nineteen patients [twenty-four shoulders] did clerical work
and eighteen patients [nineteen shoulders] did administrative
work), twenty-five patients (twenty-eight shoulders) were re-
tired, seventeen patients (nineteen shoulders) were homemak-
ers, four patients (four shoulders) were students, two patients
(three shoulders) were disabled and had never worked, and
five patients (six shoulders) did not provide an answer con-
cerning their occupation.

The study group consisted of a sequential series of
shoulders treated with an uncemented glenoid component at
our institution. All of the total shoulder arthroplasties per-
formed during the study period by the senior author (T.S.T.)
(122 of the 140 procedures in the study) were done with an
uncemented glenoid component. Indications for use of an un-
cemented glenoid component by the other surgeons were
preference and glenoid deficiencies requiring bone graft.

All of the total shoulder arthroplasties were performed
with use of an uncemented Kirschner II-C glenoid compo-
nent and either a Kirschner II-C plasma-sprayed uncemented
humeral component (128 shoulders) or a Neer II cemented
humeral component (twelve shoulders) (Kirschner Medical,
Timonium, Maryland). The humeral cementing was always
carried out with use of a distal polyethylene plug, pulsatile ir-
rigation with a retrograde injection technique, and manual
pressurization.

The patients were seen for follow-up within two weeks
after the surgery, at three months, and at one year. Clinical
evaluation included calculation of an American Shoulder and
Elbow Surgeons (ASES) score and an assessment by an ortho-
paedic surgeon who was not involved with the surgery. Two
patients (three shoulders) were followed elsewhere by an or-
thopaedic surgeon and with radiographs. All of the study pa-
tients had current radiographs except the thirteen (fifteen
shoulders) who had died.

Radiographic examination was done preoperatively, at
three months postoperatively, and at one year. All of the pa-
tients were tracked from the time of surgery through our total
joint registry and returned for annual evaluations whenever
possible. A callback of all patients was carried out from 1993 to
1994 to evaluate the early results of use of this component. The
callback for the current study was done over an eighteen-month
period, from 2001 to 2003. Radiographs included true antero-
posterior views of the shoulder (40° posterior oblique) with the
arm held in both internal and external rotation, a scapular Y
view, and an axillary radiograph. Radiographs were made for all
patients who returned for follow-up, and they were assessed for
overall component alignment, evidence of subsidence or migra-
tion of components, radiolucency at interfaces, osteolysis, and
screw fracture. Active osseous ingrowth was difficult to evalu-
ate, although good contact between the bone and the compo-
nent without osseous resorption or radiolucency and a stable
position of the component were considered to be evidence of a
solid bond between the bone and the prosthesis.

In patients requiring revision, the polyethylene was ex-
amined for excessive wear, which was defined as an exposed
metal backing (complete wear-through) or thinned-out poly-
ethylene with the metal backing seen through the remaining
polyethylene.

Radiographs were evaluated by an orthopaedic surgeon
and a radiologist who were blinded to the identity of the patient
and the clinical results. A kappa coefficient was used to measure
the interobserver agreement between the orthopaedist and the
radiologist regarding the presence of radiolucency, osteolysis,
screw breakage, and subsidence and shifting of components.

B
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Radiolucency was graded as <1 mm in thickness, 1 to 2 mm, or
>2 mm. Interobserver agreement was high with respect to iden-
tifying patients with radiolucency (kappa = 0.92, p < 0.001),
screw breakage (kappa = 0.96, p < 0.001), and osteolysis (kappa =
0.89, p < 0.001). In addition, there was substantial agreement
with respect to determining both component shifting and com-
ponent subsidence (kappa = 0.67, p < 0.01).

The glenoid component was divided into three zones:
zone 1 was around the superior flange; zones 2A, 2B, and 2C
were around the keel; and zone 3 was around the inferior
flange. Radiolucency identified on any follow-up radiograph
was recorded and was considered permanent even if it did not
appear on subsequent radiographs.

Measurements were carried out with a digital microme-
ter with a resolution of 0.01 mm. A complete radiolucent line
of >2 mm at the bone-prosthesis interface, any progressive ra-
diolucent line at the interface, or any shift in the components
was considered to be an indication of loosening31. In addition,
radiographic failure was noted if there was progressive radi-
olucency of >2 mm in two or three zones around the glenoid
keel, if there was progressive radiolucency of >2 mm in two or
more consecutive zones around the component, if any migra-
tion or shift of the component was noted, or if a screw or tray
fracture was observed. Also noted were the appearance of the
radiolucency, when it was observed (postoperatively or at the
time of follow-up), and whether or not it was progressive over
time. All radiographs were sized as 100% relative to the film
screen or conventional film, and the size was confirmed by
magnification markers.

All patients were followed for more than five years post-
operatively with the exception of one who had a failure prior
to the five-year follow-up point. Preoperative and postopera-
tive clinical results were evaluated with use of the standardized
assessment form proposed by the American Shoulder and El-
bow Surgeons (ASES)32. This form evaluates, independently,
the presence of pain, range of motion in forward elevation,
range of external and internal rotation, function in various ac-
tivities of daily living, and the patient’s satisfaction with the
result of the surgical procedure. Motion was measured with a
goniometer to determine the angle between the arm and tho-
rax. The ability of the patient to perform twelve functions of
daily living was evaluated both preoperatively and postopera-
tively. Eleven of the functions were scored on a scale ranging
from 0 to 4, as suggested by the ASES Evaluation Form. The
ability to perform the function normally was given a score of
4; with mild compromise, 3; with difficulty, 2; and with aid, 1.
The inability to perform the activity received a score of 0. The
twelfth evaluated function was the ability to perform usual
work with use of the affected shoulder, which was scored with
a yes or no response.

The clinical evaluation was carried out by physical thera-
pists who were involved with a total joint registry and by an or-
thopaedic surgeon who was not involved with the original
surgery. The difference between preoperative and follow-up
ASES scores was assessed with the paired t test. The two primary
outcome variables were clinical failure, defined as removal or

exchange of components, and radiographic failure, as defined
above. Survivorship analysis was performed with the Kaplan-
Meier product limit method, with 95% confidence intervals
around the curves as determined with the Greenwood formula33.

Multivariate analysis was applied with use of the Cox pro-
portional-hazard regression model to identify the independent
predictors of clinical and radiographic failure34. Thirteen vari-
ables served as candidate predictors in the multivariate analysis:
age, gender, diagnosis, preoperative ASES score, broken screws,
a full-thickness rotator cuff tear, pain (none, mild, moderate, or
severe), use of bone graft, radiolucency around the flat tray, ra-
diolucency around the keel, preoperative shoulder range of mo-
tion, side of involvement, and radiographic failure. A backward
stepwise likelihood procedure was used to determine the final
models. The hazard ratio with a 95% confidence interval was
derived to evaluate the annual risk of failure for the significant
multivariate predictors. Two-tailed values of p < 0.05 were con-
sidered significant. The data were analyzed with use of the SPSS
statistical package (version 11.0; SPSS, Chicago, Illinois). A
power analysis (version 4.0, nQuery Advisor; Statistical Solu-
tions, Saugus, Massachusetts) indicated that a sample size of
132 patients provided 90% power (α = 0.05, β = 0.10) to con-
struct the survivorship curves with confidence intervals. 

Surgical Technique
The general surgical technique for total shoulder replacement
with a cemented glenoid component has been previously de-
scribed in detail2,10,21. In the surgical preparation for insertion
of an uncemented glenoid component, a longitudinal slot is
prepared with a burr along the axis from the supraglenoid to
the infraglenoid tubercle. The slot is contoured with the burr
to allow a snug fit of the keel broach and is oriented to lie
within the cancellous bone of the glenoid neck. The surface of
the glenoid is carefully contoured with the glenoid reamer to
match the contour of the prosthesis. The glenoid reamer has a
keel extension that acts like an intramedullary guide for ream-
ing perpendicular to the glenoid face. Reaming is done until
the reamer bottoms out on the glenoid face. A starter hole for
the screws is made through a template drill-hole guide. Care is
taken to drill the superior hole into the region of the coracoid
base and the inferior hole parallel to the glenoid neck without
perforating cortical bone. The glenoid metal tray is positioned
and is impacted into place. Once the component is properly
seated with no evidence of rocking, the superior and inferior
drill holes are made with a 2.7-mm drill bit, and appropriately
sized 4.5-mm self-tapping screws are placed through the supe-
rior and inferior holes within the metal backing. The screws
are sequentially tightened for maximal even compression of
the glenoid tray. The polyethylene insert is then impacted in
the slot of the metal backing.

Results
Clinical Outcome

he mean ASES score (and standard deviation) was 15.6 ±
11.8 points preoperatively and 75.8 ± 17.5 points at the

time of follow-up, which was an average improvement of 60
T
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points (paired t test = 36.87, p < 0.0001). Preoperatively, none
of the patients could use the affected shoulder to perform all
of the evaluated activities, whereas postoperatively fifty-four
shoulders (39%) could be used to perform all of the activities
normally or with only slight compromise.

All functional activities rated with the ASES scoring sys-
tem improved significantly (p < 0.0001) between the preopera-
tive and follow-up examinations. Preoperatively, only fourteen
of the affected shoulders could be used to perform the patient’s
usual work, whereas postoperatively 109 could be used to per-
form the patient’s usual work (p < 0.0001).

At the time of follow-up, eighty-five shoulders (61%)
were not painful, forty-two (30%) were slightly or mildly pain-
ful, ten (7%) were moderately painful, and three (2%) were se-
verely painful. Preoperatively, active elevation with the patient
seated averaged 68° and passive elevation with the patient su-
pine averaged 87°, whereas postoperatively, active elevation av-
eraged 113° (p < 0.0001) and passive elevation averaged 137° (p <
0.0001). On the average, active external rotation with the arm at
the side improved from 13° preoperatively to 27° postopera-
tively (p < 0.02), passive external rotation improved from 18° to
39° (p < 0.02), passive external rotation with the arm in 90° of
abduction improved from 13° to 34°, and passive internal rota-
tion with the arm in 90° of abduction improved from 19° to 34°.
Passive internal rotation improved from a median of the sacral
level preoperatively to a median of the T12 level postoperatively.

Analysis According to Diagnoses
The mean age of the patients with osteoarthritis as the pri-
mary diagnosis was 69 ± 10 years, and that of the patients with

rheumatoid arthritis was 57 ± 13 years (p < 0.001). There were
forty-two women (62%) and twenty-six men (38%) in the os-
teoarthritic group and forty-two women (76%) and thirteen
men (24%) in the rheumatoid group; this was not a significant
difference.

The mean preoperative ASES score (and standard devia-
tion) was 15 ± 10 points for the patients with osteoarthritis
and 16 ± 11 points for those with rheumatoid arthritis (p =
0.82, Student t test). The postoperative ASES scores averaged
80 ± 18 points and 72 ± 15 points, respectively (p = 0.02). This
analysis suggests that the patients with osteoarthritis and
those with rheumatoid arthritis had comparable preoperative
shoulder scores, but the postoperative scores for the patients
with osteoarthritis were significantly higher than those for the
patients with rheumatoid arthritis.

Of the fifty-five shoulders affected by rheumatoid ar-
thritis, thirty-three (60%) had a concomitant rotator cuff tear.
Of the seventy-two shoulders with a diagnosis of osteoarthri-
tis, twenty-two (31%) had a concomitant cuff tear. The preva-
lence of rotator cuff tears was significantly higher in the
patients with rheumatoid arthritis (chi square = 8.19, p =
0.004). At the final evaluation, the patients with osteoarthritis
and a rotator cuff tear had a mean ASES score of 75 ± 19
points, whereas those with osteoarthritis and no cuff tear had
a mean score of 81 ± 17 points; this was not a significant dif-
ference (p = 0.18). Patients with rheumatoid arthritis and a
rotator cuff tear had a mean final average ASES score of 74 ±
16 points, and those with rheumatoid arthritis without a cuff
tear had a mean score of 69 ± 15 points; this difference also
was not significant (p = 0.36).

Fig. 1

Kaplan-Meier survival curves with clinical and radiographic failure as the end points.
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In summary, the diagnosis was correlated with the likeli-
hood of a rotator cuff tear; however, with the numbers available,
the diagnosis and a cuff tear did not seem to be predictive of the
shoulder score. In the group of patients without a cuff tear,
those with osteoarthritis had a significantly higher mean ASES
score (81 compared with 69 points, p = 0.009). In the group of
patients with a cuff tear, those with osteoarthritis had a mean
ASES score of 75 points and those with rheumatoid arthritis
had a mean score of 74 points.

Clinical Failures
Sixteen shoulders (11% of the 140 shoulders) in fifteen patients
had clinical failure, defined as removal or exchange of compo-
nents. The clinical survivorship determined with the Kaplan-
Meier method was 95% (95% confidence interval, 92% to 98%)
at five years and 85% (95% confidence interval, 79% to 91%) at
ten years (Fig. 1). The clinical failures included two fractured
glenoid trays, nine cases of polyethylene delamination with
loosening, and five cases of aseptic loosening. In addition, there
were sixteen broken screws in fifteen patients. Five of these bro-
ken screws were in four shoulders that had failed clinically (one
shoulder had two broken screws). The other eleven shoulders
with a fractured screw remained asymptomatic at the time of
the most recent follow-up but were considered to have radio-
graphic failure (Fig. 2).

Multivariate analysis revealed three variables with a sig-
nificant independent association with clinical failure: male gen-
der (p = 0.02), pain (p < 0.01), and radiolucency around the flat
tray (p < 0.001). The risk of clinical failure was approximately

three times higher for men than it was for women, seven times
higher for patients with moderate or severe pain than it was for
those with mild or no pain, and more than six times higher
when there was radiolucency around the flat tray. In addition,
the Cox proportional-hazards model indicated that radio-
graphic failure, as defined above, was a predictor of clinical fail-
ure (hazard ratio = 6.9, 95% confidence interval = 2.7 to 17.4,
p < 0.001). Hence, the annual risk of implant revision was
nearly seven times higher for patients with radiographic failure
than it was for those without radiographic failure.

Radiographic Failures
Twenty-one (15%) of the 140 shoulders had radiographic evi-
dence of failure. There were eleven fractured screws in eleven
shoulders that were asymptomatic at the time of follow-up.
Ten shoulders with radiographic failure also had clinical fail-
ure and were revised. With radiographic failure as the end
point, the survivorship was 97% (95% confidence interval,
94% to 100%) at five years and 76% (95% confidence interval,
68% to 84%) at ten years (Figs. 1 and 2).

Multivariate analysis identified two significant indepen-
dent variables associated with radiographic failure: male gen-
der (p = 0.02) and radiolucency around the flat tray (p =
0.003). The risk of radiographic failure was more than four
times higher for men than it was for women (hazard ratio =
4.2) and nearly ten times higher for patients with radiolucency
around the flat tray (hazard ratio = 9.9). However, radiolu-
cency around the keel was not found to be predictive of radio-
graphic failure.

Fig. 2

A fractured superior screw (curved arrow) with radiolucency (arrowhead) in a patient without 

symptoms.
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A complete radiolucent line was noted around fifty-three
(38%) of the glenoid components (Fig. 3) and/or screws and
forty-nine (35%) of the humeral components. An incomplete
radiolucent line was noted around ten (7%) of the glenoid
components and seventeen (12%) of the humeral components.
A radiolucent line of 1 to 2 mm in thickness was noted around
forty (29%) of the glenoid components and thirty-one (22%)
of the humeral components. Finally, a radiolucent line of >2
mm in thickness was noted around two of the glenoid compo-
nents and one of the humeral components. In one patient with
juvenile rheumatoid arthritis, the uncemented humeral com-
ponent was completely surrounded by a progressive radiolu-

cent line of 1.5 to 2 mm in thickness. The component was loose
and had subsided, necessitating revision to a cemented hu-
meral component. No other stems had failed clinically by the
time of final follow-up.

Osteolysis was noted around four of the failed glenoid
components and around two glenoid components that were as-
ymptomatic at the time of follow-up (Figs. 4 and 5). In addi-
tion, osteolysis was noted around six of the screws in five
glenoid components that failed; five of those screws had frac-
tured, and one was intact. Osteolysis was also seen around seven
screws that remained asymptomatic; four of those screws had
fractured, and three were intact.

Fig. 3

Prevalence of radiolucent lines around the glenoid components.

Fig. 4

Axillary radiograph revealing progressive radiolucency around the keel with osteolysis (arrows).
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Complications
Other complications included intraoperative avulsion of the
anterior portion of the deltoid origin, treated with repair to
bone, in one patient. One patient had a chronic fixed anterior
dislocation postoperatively and was treated with anterior cap-
sulorrhaphy. However, the shoulder dislocated again and re-
mained dislocated, with mild pain and a decreased range of
motion but no neurological changes. One patient fell postop-
eratively and sustained an avulsion of the greater tuberosity;
this was treated with tension band wiring. The only patient
who had less than five years of follow-up underwent revision
at two and one-half years after surgery and then sustained a
subscapularis tear after the revision. Following a pectoralis
major transfer, a deep infection developed and was treated
with incision and drainage, retention of the components with
exchange of the polyethylene, and intravenous antibiotics.
Culture of specimens obtained from aspiration shortly before
the time of this review were positive. The patient refused ex-
plantation and was being treated with suppressive antibiotics
at the time of writing.

Discussion
urvival of the glenoid component is a major concern follow-
ing total shoulder arthroplasty. We evaluated the intermedi-

ate-term clinical and radiographic survival of uncemented,
metal-backed, polyethylene glenoid components and found an
alarmingly high rate of clinical and radiographic failure at an
average of 7.5 years postoperatively. Clinical failure occurred in

sixteen (11%) of the shoulders, with a ten-year clinical survi-
vorship of 85%. Radiographic failure occurred in twenty-one
(15%) of the shoulders, with a ten-year radiographic survivor-
ship of 76%. We found that radiographic failure was a highly
significant (sevenfold) predictor of clinical failure. In addition,
the risk of clinical failure was approximately six times higher
when there was radiolucency around the flat tray, but radiolu-
cency around the keel was not associated with an increased risk
of failure.

There is a paucity of studies that address the use of unce-
mented glenoid components in total shoulder arthroplasty.
Most of the reports are of small series with short follow-
up20,23,26. Cofield and Daly reported on thirty-two uncemented
glenoid components that had been followed for an average of
fifty-one months22. Radiolucency was noted around 48% of the
glenoid components. Three of the components were seen to be
probably loose on radiographs; none were revised. Two of the
three shoulders with probable loosening were asymptomatic,
and the third shoulder was moderately painful after vigorous
use. In addition, there were two cases of polyethylene dissocia-
tion from the metal glenoid tray; both required revision.

In a study of the results of sixty-two total shoulder ar-
throplasties performed without cement, Sperling et al. re-
ported that four glenoid components were seen to be “at risk”
for loosening on radiographs, at a mean of 4.6 years31. Levy
and Copeland reported the results of shoulder arthroplasties
with the Copeland mark-2 prosthesis30. At a mean of 6.8 years,
radiolucency was noted around thirty-eight of the glenoid

S

Fig. 5

Axillary radiograph showing suspected polyethylene wear-through with metallic debris (short ar-

rows) and osteolysis (long arrows) in an asymptomatic patient.
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components, three of which were definitely loose. Five of the
glenoid components were revised, with one of the revisions
performed because of polyethylene dissociation. Wallace et al.
presented four to seven-year results of eighty-six consecutive
total shoulder arthroplasties, twenty-six of which involved use
of an uncemented glenoid component35. Radiolucency was
noted around six glenoid components. Two glenoid compo-
nents were revised because of polyethylene dissociation, two
had radiographic evidence of loosening, and four were proba-
bly loose. The prevalence of radiolucent lines around ce-
mented glenoid components in the literature has ranged from
30% to 95%3-11,16,19-28.

Our revision rate was higher than that for primary total
shoulder arthroplasties performed with a cemented glenoid
component and higher than the rates in previously published
reports on uncemented glenoid components3,5,6,10,21,36,37. How-
ever, most other series of uncemented glenoid components
included a relatively low number of patients and short-term
follow-up, and none included survivorship analysis, to our
knowledge.

In the present series of total shoulder arthroplasties per-
formed with an uncemented screw-fixed glenoid component,
pain relief, function, and range of motion were similar to the re-
sults of arthroplasties done, at the same institution, with the
same humeral implant combined with a cemented polyethylene
glenoid component6,8,38. However, the failure rate was higher
with the uncemented glenoid component. At revision, there
was usually more bone loss than had been expected from the ra-
diographic examination. If adequate bone stock remained, we
revised the glenoid component to an all-polyethylene cemented
glenoid component. If the bone stock was inadequate, then the
glenoid was bone grafted and the patient was left with a hemiar-
throplasty. In the five shoulders with minimal bone loss, an-
other uncemented glenoid component was placed but only
because secure fixation could be obtained. Cancellous impac-
tion grafting of the glenoid vault was carried out to improve
keel fixation in these patients.

Mechanical failures of the metallic structure of the glen-
oid implant included sixteen fractured screws and two frac-
tured glenoid trays. These problems, which had occurred at
the time of intermediate follow-up, should cause great con-
cern. One possible explanation is that the glenoid components
were not rigidly fixed at the time of surgery. The initial fixa-
tion of the component relies on stable purchase of the two 4.5-
mm cancellous screws. If this is not obtained, loosening can
occur and, through micromotion, the screws can undergo fa-
tigue failure and fracture. In addition, failure to obtain good
bone purchase of one of the screws could lead to micromotion

of the keel and uneven loading of the glenoid with increased
stress on the well-fixed screw resulting in fatigue failure. It is
hoped that, in the eleven shoulders (with eleven fractured
screws) that remained asymptomatic, the glenoid component
found a stable, fixed position. However, as the annual risk of
implant revision was nearly seven times higher among pa-
tients with radiographic failure (which includes screw frac-
ture), there remains a great risk of future clinical failure in
those eleven shoulders.

Excessive polyethylene wear was a common problem
and may have been due to generation of high stresses at the
polyethylene-metal interface39. Focal osteolysis was observed
around several of the components that failed (Fig. 5). Most
likely, particulate debris from polyethylene wear led to cell-
mediated bone resorption with osteolysis and aseptic loosen-
ing. Focal osteolysis was also observed around six of the screw
heads that were asymptomatic at the time of final follow-up.
This is very troubling as particulate debris-mediated resorp-
tion of bone most likely will worsen with time and lead to ad-
ditional failures.

In conclusion, the intermediate-term results of total
shoulder arthroplasties done with an uncemented Kirschner
II-C glenoid component are troubling. The clinical and radio-
graphic failure rates were higher than those previously re-
ported following use of uncemented glenoid components.
Accelerated polyethylene wear, loosening, and screw breakage
were common, and with longer-term follow-up they may lead
to additional failures. �
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Hinged Elbow External Fixation
for Severe Elbow Contracture

BY DAVID RING, MD, ROBERT N. HOTCHKISS, MD, DANIEL GUSS, BA, AND JESSE B. JUPITER, MD

Investigation performed at Massachusetts General Hospital, Boston, Massachusetts, 
and The Hospital for Special Surgery, New York, NY

Background: When it was first introduced, it was hoped that hinged external fixation with a built-in gear mechani
for applying passive motion and static progressive stretch by turning a dial would improve the arc of ulnohumeral m
tion, by gradually stretching contracted muscles, after open release of a severe elbow contracture.

Methods: Forty-two patients were evaluated at an average of thirty-nine months after operative release of a sev
posttraumatic elbow contracture (defined as ≤40° of motion). Twenty-three patients had been treated, during the ea
part of the study, with a hinged external fixator that incorporated a worm gear to apply static progressive stretch po
operatively. These patients were compared with nineteen patients who had been treated without hinged external fi
tion during the later part of the study, when the hinge was used less frequently. The operative techniques did 
otherwise change during the study period. Demographic and injury characteristics as well as associated proble
were comparable between the two groups.

Results: The average gain in the range of motion after the index procedure was 89° in the patients treated with
hinge and 78° in those treated without a hinge, an insignificant difference with the numbers available (p = 0.17
Complications associated with use of the hinge included five pin-track infections, one case of pin-track osteomyeli
one ulnar fracture through a pin site, two broken Schanz screws, and two cases of irritation of the ulnar nerve.

Conclusions: Open release of a severe elbow contracture results in a substantial gain in motion, with or with
hinged elbow fixation. The slightly greater improvement in motion provided by the hinge does not justify the asso
ated increase in risk, expense, and complications.

Level of Evidence: Therapeutic Level III. See Instructions to Authors for a complete description of levels of eviden

atients with severe posttraumatic capsular contracture
of the elbow often have associated contractures of the
muscles that cross the joint1,2. Static progressive and dy-

namic splinting of the elbow can help treat these associated
muscle contractures3. The Compass Hinge Fixator (Smith and
Nephew Richards, Memphis, Tennessee) incorporates a worm
gear for applying a static progressive stretch to the elbow2,4. It
is believed that the direct engagement of the fixator with bone
provides a more effective fulcrum for applying this force to the
muscles crossing the elbow. Previous reports on hinged exter-
nal fixation used in conjunction with elbow contracture re-
lease have focused on the role of the fixator in providing
stability or distraction of the articular surfaces5. The present
study was performed to compare treatment of severe post-
traumatic elbow contractures with and without hinged exter-
nal fixation to determine if better motion can be obtained
with the use of the hinge.

Materials and Methods
he criteria for inclusion in the study were a posttraumatic
elbow contracture, skeletal maturity, and ≤40° of elbow

flexion and extension. The exclusion criteria include
stantial heterotopic ossification that was a major block 
tion, a severe burn injury, a severe head injury with re
spasticity or cognitive deficits limiting the patient’s ab
participate in postoperative rehabilitation, fracture non
incongruency or instability of the ulnohumeral joint, a
vere articular injury necessitating fascial arthroplasty. 
spective review of medical records and selective invita
return for an examination and radiographic evaluatio
approved by a human research committee.

Over an eight-year period, two surgeons opera
forty-two consecutive patients who met the inclusio
exclusion criteria. During the early part of the study, tw
three patients were treated with a hinged external fixat
incorporated a worm gear for applying static prog
stretch postoperatively. These patients were compare
nineteen patients treated without hinged external fi
during the later part of the study. This was a nonrando
study. Hinged external fixation was used routinely for
contractures during the initial part of the study, it was
ually used less often over the course of the study, and

P
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used infrequently toward the end of the study.

Entire Group of Patients
There were twenty-eight men and fourteen women with an
average age of thirty-nine years (range, eighteen to seventy-
one years). Twenty-two right limbs, twenty of which were
dominant, and twenty left limbs, one of which was dominant,
were involved. Five of the original injuries were the result of a
fall from a standing height; seventeen, a fall from a greater
height; fifteen, a motor-vehicle accident; four, a sports-related
injury; and one, a gunshot wound.

Fifteen patients had a fracture of the distal part of the
humerus, and twenty-seven had a fracture-dislocation of the
elbow. In three patients, the original injury was open. The in-
jury was initially treated operatively in thirty-four patients.
Thirty-nine patients had had at least one prior surgical proce-
dure before being referred to us, and fifteen of them had had
multiple prior surgical procedures.

The interval between the initial injury and the elbow
contracture release averaged fifteen months (range, four to
forty-four months). Thirteen patients had signs of arthrosis
that were rated as Type 1, according to the system of Broberg
and Morrey6, on preoperative radiographs.

Prior to the index capsular excision, the arc of ulno-
humeral motion averaged 21° (range, 0° to 40°), with an aver-
age elbow flexion of 79° (range, 0° to 110°) and an average
flexion contracture of 57° (range, 0° to 90°).

Patients Treated Without Hinged External Fixation
There were thirteen men and six women with an average
age of forty-three years (range, eighteen to seventy-one years)
(see Appendix). Ten right limbs, nine of which were dominant,
and nine left limbs, one of which was dominant, were involved.
Four of the original injuries were the result of a fall from a
standing height; seven, a fall from a greater height; four, a mo-
tor-vehicle accident; and four, a sports-related injury.

Nine patients had a fracture of the distal part of the hu-
merus, and ten had a fracture-dislocation of the elbow. Seven-
teen patients were treated operatively for the initial injury.
Eighteen patients had had at least one prior surgical procedure
before being referred to us, and eight of those patients had had
multiple prior surgical procedures. The interval between the
initial injury and the elbow contracture release averaged ten
months (range, four to twenty months). Six patients had signs
of Type-1 arthrosis on preoperative radiographs. Prior to the
index capsular excision, the arc of ulnohumeral motion aver-
aged 24° (range, 0° to 40°), with an average elbow flexion of
87° (range, 40° to 110°) and an average flexion contracture of
62° (range, 30° to 90°).

Patients Treated with Hinged External Fixation
There were fifteen men and eight women with an average age
of thirty-six years (range, twenty-three to sixty-four years) (see
Appendix). Twelve right limbs, eleven of which were dominant,
and eleven left limbs, none of which were dominant, were af-
fected. Two of the original injuries were the result of a fall

from a standing height; ten, a fall from a greater height; and
eleven, a motor-vehicle accident.

Six patients had a fracture of the distal part of the hu-
merus, and seventeen had a fracture-dislocation of the elbow.
Seventeen patients were treated operatively for the initial in-
jury. Twenty-one patients had had at least one prior surgical
procedure before being referred to us, and seven of them had
had multiple prior surgical procedures. The interval between
the initial injury and the elbow contracture release averaged
nineteen months (range, five to forty-four months). Seven
patients had signs of Type-1 arthrosis on preoperative radio-
graphs. Prior to the index capsular excision, the arc of ulno-
humeral motion averaged 18° (range, 0° to 40°), with an average
elbow flexion of 71° (range, 40° to 110°) and an average flex-
ion contracture of 53° (range, 30° to 90°).

Operative Technique
The specific operative technique for the elbow contracture
release was dictated by the presence of prior incisions, ulnar
neuropathy, and implants. A lateral approach7-9 was used in
seven patients (all treated without a hinge); a medial ap-
proach, in twenty (five treated without a hinge and fifteen
treated with a hinge)2,4; and a combined medial and lateral
approach, in fifteen (seven treated without a hinge and eight
treated with a hinge)10. An isolated lateral approach was not
possible for the patients who were to be treated with a hinge
because the temporary central axis wire and the postero-
medial screw of the hinge place the ulnar nerve at risk. Sub-
cutaneous anterior transposition of the ulnar nerve was
performed in all patients treated with a medial or combined
medial and lateral approach. The Compass Universal Hinge
was applied with use of standard techniques4.

Postoperative Management
Patients with hinged external fixation began gentle passive
mobilization of the elbow, using a dial on the fixator that con-
nects to a gear mechanism that propels the fixator through a
range of elbow motion, on the morning after the surgery, and
they incorporated active-assisted exercises and functional use
of the limb as soon as pain allowed (usually within one
week)4. Patients without hinged external fixation began gravity-
assisted active-assisted elbow exercises on the morning after
the surgery. Passive manipulation was not allowed. The hinge
was removed between four and eight weeks (average, six
weeks) after the surgery. Static progressive splinting3 was
used for patients who demonstrated slow progress at the four
to eight-week postoperative visit. Resistive exercises were initi-
ated approximately eight weeks after the surgery.

Evaluation
The final evaluation was performed at an average of thirty-
nine months (range, thirteen to ninety-four months) after
the contracture release and prior to any repeat surgery for
contracture release. The primary outcome measure was the
improvement in the ulnohumeral flexion arc, which was
compared between groups with use of a Student t test (SPSS,
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Chicago, Illinois), with a p value of <0.05 considered to be
significant.

Results
he average final improvement in the ulnohumeral arc of
motion after the index procedure was 89° (range, 50° to

145°) in the group treated with a hinge and 78° (range, 35° to
110°) in the group treated without a hinge. This difference was
not significant with the numbers available (p = 0.175).

The final postoperative arc of ulnohumeral motion aver-
aged 107° (range, 70° to 145°) in the group treated with a hinge
and 103° (range, 60° to 140°) in the group treated without a
hinge. The postoperative flexion averaged 129° (range, 110° to
145°) in the group treated with a hinge and 126° (range, 95° to
145°) in the group treated without a hinge. The postoperative
flexion contracture averaged 22° (range, 0° to 40°) in the group
treated with a hinge and 23° (range, 0° to 60°) in the group
treated without a hinge.

No patient had symptoms or signs of elbow instability.
All patients had grade-5 strength according to the Medical Re-
search Council grading system. The final radiographs showed
signs of Type-1 arthrosis in twenty-three patients and Type-2
arthrosis in three patients. Of the patients treated without a
hinge, eleven had Type-1 and one had Type-2 arthrosis. Of the
patients treated with a hinge, twelve had Type-1 and two had
Type-2 arthrosis.

Complications and Subsequent Operations
Five patients had pin-track infection treated with local pin
care and oral antibiotics. One patient had pin-track osteomy-
elitis requiring débridement and parenteral antibiotics. There
were two broken 5.0-mm Schanz screws, both of which were
managed nonoperatively. (The broken end of the pin was re-
tained within the bone.) Two other patients had ulnar nerve
irritation from the posteromedial pin, which resolved after re-
moval of the hinge. One patient sustained a fracture through a
pin site during passive manipulation by a therapist; this was
treated with plate-and-screw fixation.

Two (9%) of the twenty-three patients treated with a
hinge and five (26%) of the nineteen patients treated without
a hinge requested a second operation for contracture release.
(The motion prior to the secondary surgery⎯i.e., the final
motion after the index procedure⎯was used for the analysis
in the study.) Two patients had subsequent surgery to remove
hardware.

Discussion
evere capsular contractures of the elbow have an element
of associated muscle contracture. Exercises, including static

progressive and dynamic splinting, can address this compo-
nent of the contracture, but both can be challenging in the im-
mediate postoperative period. Incorporation of a worm gear
for static progressive splinting into a hinged external fixator can
potentially apply more direct and effective force to the elbow
earlier in the postoperative period to help maintain the motion
obtained in the operating room after the capsular release2,4.

In our nonrandomized, retrospective comparison, the fi-
nal increase in ulnohumeral motion was slightly (11°) greater
in the group treated with a hinge than in the group treated
without a hinge. This difference was not significant, but might
become so in a larger study. On the other hand, a difference of
11° is probably not clinically relevant as such a small amount
most likely would not make a major difference in elbow func-
tion. Furthermore, the average final arc of ulnohumeral mo-
tion differed by only 4° between the groups, reflecting the
slightly worse mean initial arc of motion in the group treated
with a hinge.

The disadvantages of ancillary hinged external fixation
include added costs for both the apparatus itself and hospital
expenses (e.g., operating room time and the surgeon’s fee),
added risks, the need for close monitoring of the hinge, and
pin-related problems (infection, fracture, and nerve irrita-
tion). It is notable that a second surgery for contracture re-
lease was more common in patients treated without a hinge
(26% compared with 9% of those treated with a hinge), but
this finding is difficult to interpret given the complexity of the
decision to undertake additional surgery.

In our opinion, the routine use of hinged external fixa-
tion as ancillary treatment for a severe posttraumatic elbow
contracture is not merited. We continue to use hinged external
fixation for the treatment of unstable elbows and elbows re-
quiring fascial arthroplasty, many of which are associated with
an elbow contracture.

Appendix
Tables presenting the clinical data for both patient
groups are available with the electronic versions of this

article, on our web site at jbjs.org (go to the article citation
and click on “Supplementary Material”) and on our quarterly
CD-ROM (call our subscription department, at 781-449-
9780, to order the CD-ROM). �
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Extracorporeal Shock Wave 
Therapy without Local Anesthesia 
for Chronic Lateral Epicondylitis

BY FRANK A. PETTRONE, MD, AND BRIAN R. MCCALL, MD

Investigation performed at the Virginia Hospital Center, Arlington, Virginia, 
and the Department of Orthopaedic Surgery, Georgetown University Hospital, Washington, DC

Background: The use of extracorporeal shock wave therapy for the treatment of lateral epicondylitis is controversial.
The purpose of this study was to evaluate the use of extracorporeal shock wave therapy without local anesthesia to
treat chronic lateral epicondylitis.

Methods: One hundred and fourteen patients with a minimum six-month history of lateral epicondylitis that was unre-
sponsive to conventional therapy were randomized into double-blind active treatment and placebo groups. The proto-
col consisted of three weekly treatments of either low-dose shock wave therapy without anesthetic or a sham
treatment. Patients had a physical examination, including provocation testing and dynamometry, at one, four, eight,
and twelve weeks and at six and twelve months after treatment. Radiographs, laboratory studies, and electrocardio-
grams were also evaluated prior to participation and at twelve weeks. A visual analog scale was used to evaluate
pain, and an upper extremity functional scale was used to assess function. Crossover to active treatment was initi-
ated for nonresponsive patients who had received the placebo and met the inclusion criteria after twelve weeks.

Results: A total of 108 of the 114 randomized patients completed all treatments and the twelve weeks of follow-up
required by the protocol. Sixty-one patients completed one year of follow-up, whereas thirty-four patients crossed over
to receive active treatment. A significant difference (p = 0.001) in pain reduction was observed at twelve weeks in the
intent-to-treat cohort, with an improvement in the pain score of at least 50% seen in 61% (thirty-four) of the fifty-six
patients in the active treatment group who were treated according to protocol compared with 29% (seventeen) of the
fifty-eight subjects in the placebo group. This improvement persisted in those followed to one year. Functional activity
scores, activity-specific evaluation, and the overall impression of the disease state all showed significant improve-
ment as well (p < 0.05). Crossover patients also showed significant improvement after twelve weeks of active treat-
ment, with 56% (nineteen of thirty-four) achieving an improvement in the pain score of at least 50% (p < 0.0001).

Conclusions: These results demonstrate that low-dose shock wave therapy without anesthetic is a safe and effective
treatment for chronic lateral epicondylitis.

Level of Evidence: Therapeutic Level I. See Instructions to Authors for a complete description of levels of evidence.

ateral epicondylitis is a common orthopaedic symptom.
Initially, nonoperative management is effective in most
patients; however, studies on the natural history and

surgical management of the disorder have shown that surgical
intervention is necessary in 4% to 11% of patients1-3. While
surgical intervention is often successful, it carries with it pain,
risks, and costs that may be avoided with successful nonopera-
tive management.

Despite the widespread use of extracorporeal shock
wave therapy in the treatment of lateral epicondylitis, there is
a lack of evidence-based support of its efficacy4-6. The mecha-
nism of action for shock wave therapy remains uncertain, but
it includes the possible stimulation of the healing process in

damaged tendons by disrupting avascular, damaged tissues
and encouraging revascularization, release of local growth fac-
tors, and the recruitment of appropriate stem cells to the
area7,8. Another proposed mechanism for its efficacy is hyper-
stimulation analgesia, where, through brief sensory stimula-
tion, shock wave therapy can provide long-term pain relief 9,10.
Alteration of chemical mediators of pain, modulation of the
pain signal, and disruption of cell membranes have all been
proposed as possible generators of this analgesic effect7,8,10. Sev-
eral structured studies of the treatment of lateral epicondylitis
have failed to find a significant benefit from extracorporeal
shock wave therapy11-15. The present study was designed to
evaluate the efficacy of extracorporeal shock wave therapy

L
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without local anesthesia in the treatment of chronic lateral
epicondylitis. To date, no double-blind, placebo-controlled,
multicenter study of shock wave therapy without local anes-
thesia in a general population with lateral epicondylitis refractory
to traditional conservative management has been published as
far as we know. The null hypothesis of the present study was
that shock wave therapy has no effect on lateral epicondylitis.

Materials and Methods
total of 114 patients from three large orthopaedic prac-
tices were evaluated for inclusion in the study. The study

design was a randomized, multicenter, double-blind, placebo-
controlled parallel treatment protocol. Patients were initially
screened for inclusion and then were randomized into an ac-
tive treatment group (fifty-six patients) or a placebo treatment
group (fifty-eight patients). At randomization, each patient
was given a unique study number and a sealed envelope with
his or her study number on it. The sealed envelope contained
a randomization code (A or B), which was only opened by the
shock wave operator and was not shared with anyone else in-
volved in the study. All patients provided informed consent,
and the study was approved by each participant’s institutional
review board. Patients were not charged for treatment during
the study.

Active treatment consisted of one treatment each week
with 2000 impulses at 0.06 mJ/mm2 with use of the Sonocur
extracorporeal shock wave therapy system (Siemens Medical
Solutions USA, Iselin, New Jersey) for three weeks. The treat-
ment head of the device, which measures 11 × 12 cm and pro-
duces a treatment area that is 6 × 6 mm and 58 mm in depth,
was directed to the point of maximal tenderness on the lateral
epicondyle as identified by physician palpation and patient re-
port. An ultrasound coupling gel was used. During treatment,
the technique of so-called clinical focusing was used by adjust-
ing the shock wave focus every 200 to 400 impulses and redi-
recting the shock waves to the most symptomatic site. Placebo
treatment consisted of sham treatments of 2000 impulses at
0.06 mJ/mm2 but with use of a sound-reflecting pad between
the patient and the application head of the machine. Patients
were treated in isolation by a technician, so that no patient
could view another’s treatment. Both the patients and the
evaluating physicians were blinded to the treatment assign-
ment, and only the technician knew the treatment group. No
local anesthesia or other injections were used. Patients were
evaluated prior to treatment and at follow-up examinations
at one, four, eight, and twelve weeks and at six and twelve
months after completion of treatment. Follow-up examiners
were not aware of the patient’s treatment group unless the pa-
tient had become unblinded during crossover treatment.

The primary efficacy end point was relief of pain elicited
by provocative Thomsen testing and recorded on a visual ana-
log scale at twelve weeks compared with baseline. Patients who
did not respond to their assigned treatment with at least a
50% reduction in pain from baseline after twelve weeks could
have their treatment group revealed to them. If the patient had
received placebo treatment and still met the inclusion criteria,

he or she could be crossed over into the active treatment
group. These crossover patients were then followed for twelve
weeks after treatment to evaluate their response, but they were
considered lost to the placebo group. If the patient had been in
the active treatment group and treatment failed after twelve
weeks, other standard therapies could be considered according
to the physician and standard medical practice.

The inclusion criterion for participation in the study
was a history of lateral epicondylitis for a minimum of six
months with pain that was resistant to at least two of three
conventional therapies. These included more than four weeks
of physical or occupational therapy, use of nonsteroidal anti-
inflammatory medications for more than four weeks, and cor-
ticosteroid injections. Patients also had to have tenderness on
palpation of the lateral epicondyle and reproducible pain pro-
voked by resisted wrist extension (the Thomsen test) of ≥40
mm on the 100-mm visual analog scale.

The Thomsen test was performed with the shoulder
flexed to 60°, the elbow extended, the forearm pronated, and
the wrist extended 30°. Pressure was applied on the dorsum of
the hand to stress the extensor carpi radialis and brevis. The
test was performed three times, with the patient recording the
pain on the 100-mm visual analog scale after the third test.

The exclusion criteria were an age of less than eighteen
years, a history of a lateral elbow injection within the prior six
weeks, physical therapy within the prior four weeks, and the
use of nonsteroidal anti-inflammatory medications or ace-
taminophen for any reason within one week prior to the
study. In addition, active bilateral epicondylitis, treatment
with systemic therapeutic anticoagulation, or a history or ra-
diographic findings of cervical spondylosis, upper extremity
arthritis, elbow arthritis, a neurologic abnormality, rheuma-
toid disease, or radial nerve entrapment were criteria for ex-
clusion. Patients receiving Workers’ Compensation as well as
those who had prior surgery for lateral epicondylitis or those
with severe systemic disease or who were pregnant were also
excluded.

The study population consisted of sixty women and
fifty-four men with a mean duration of symptoms of twenty-
one months prior to participation. The average age was forty-
seven years. The right arm was affected in 67% (seventy-six
patients), and the left arm was involved in 33% (thirty-eight
patients). Of the 114 patients who met the inclusion crite-
ria (failure of treatment with injections, nonsteroidal anti-
inflammatory medications, and physical therapy), eighty-four
(74%) had failed all three treatments. Overall, for 92% (105)
of the patients, steroid injections failed to relieve the pain. No
significant differences were detected between the placebo and
active treatment groups in terms of demographic characteris-
tics such as age, race, gender, body habitus, affected arm, chro-
nicity of pain, medical diagnoses, or prior treatments.

The initial evaluation of the patients consisted of a thor-
ough history and physical examination, as well as baseline
studies consisting of complete blood-cell count with differen-
tial, electrocardiogram, and anteroposterior and lateral radio-
graphs of the affected arm. Radiographs were reviewed by the
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treating physicians to evaluate any concomitant abnormality
or possible exclusion criteria. These studies were then re-
peated at twelve weeks to monitor any potential change related
to treatment with the shock wave device.

Prior to treatment and at one, four, eight, and twelve
weeks and at six months and one year after treatment, each pa-
tient had a clinical evaluation to assess the symptoms. The eval-
uation consisted of Thomsen provocation testing, functional
assessment with the upper extremity functional scale16 (Table I),
and a subjective evaluation of the disease status by the patient.
In addition to the clinically validated functional score16 cal-
culated with subjective reports of the activities in Table I, a
patient-specific activity score was determined for each patient at
each follow-up visit as well. To calculate this activity score, pa-
tients rated their ability to perform two patient-identified activ-
ities that they found particularly difficult to do on a scale from 1
(no difficulty) to 10 (cannot perform). Grip strength was also
evaluated with dynamometry at each follow-up visit through

twelve weeks. Patients were queried with regard to these activi-
ties and any adverse effects at each follow-up visit.

Statistical Methods
The primary efficacy end point was a 50% reduction in the
provocation in pain on the Thomsen test. On the basis of pre-
vious experience with extracorporeal shock wave therapy, we
assumed a response rate of 80% for patients in active treat-
ment and 50% for patients in the placebo group. With use of
this information, it was determined that a sample size of forty-
five patients per treatment group would have an 80% power in
detecting the treatment difference with a two-sided signifi-
cance level of 0.05. Assuming a retention rate of at least 80%, a
total of 114 patients were then recruited into the study. To
demonstrate a difference between the two treatments for the
primary efficacy end point, a Fisher exact test was used. Miss-
ing responses were input as the last recorded value carried for-
ward for intent-to-treat calculations.

On the basis of pilot study results, the power of a sample
size of forty-five patients for the mean upper extremity func-
tional score would be >90%. The analysis of variance test was
used for the functional score difference and other continuous
variables. Statistical significance was set for p ≤ 0.05 for all
outcome parameters.

Results
ne hundred and fourteen patients were randomized into
the placebo group (fifty-eight patients) and the active

treatment group (fifty-six patients). In the active treatment
group, fifty-three patients completed the twelve-week protocol
requirements, two patients were unable to complete the re-
quirements because of intolerance of the treatment, and one pa-
tient withdrew from the study because of thrombocytopenia,
which had been documented prior to study enrollment. Fifty-
five patients in the placebo group completed the twelve-week
protocol requirements, and three patients withdrew from

O

Fig. 1

Patient disposition.

TABLE I Activities Rated on the Upper Extremity Func-
tional Scale*

Sleeping

Writing

Opening jars

Picking up small objects with fingers

Driving more than 30 minutes

Opening a door

Carrying a milk jug from the refrigerator

Washing dishes

*The ability of the patient to perform each activity was rated on
a scale of 1 to 10, with 1 indicating no difficulty and 10, the ac-
tivity cannot be performed.
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the study to seek alternative treatment by twelve weeks. Addi-
tionally, thirty-four patients left the placebo group after twelve
weeks to cross over into the active treatment protocol (Fig. 1).

At twelve weeks, a significant difference between treat-
ment groups (p = 0.001) was observed with respect to pain re-
duction on the Thomsen test, with reduction in pain of at least
50% achieved in 61% (thirty-four) of the fifty-six patients in
the active treatment group who were treated according to pro-
tocol compared with only 29% (seventeen) of the fifty-eight
patients in the placebo group. The average pain score for the
active treatment group decreased from 74 at baseline to 38 at
twelve weeks on the 100-mm visual analog scale compared
with a decrease from 76 to 51, respectively, for the placebo
group. The difference between the groups with respect to the
mean pain scores was significant (p < 0.024) (Fig. 2).

The mean improvement in the upper extremity func-
tional scores at twelve weeks was 2.4 (from 4.7 to 2.3) for the
active treatment group compared with 1.4 (from 4.6 to 3.2) for
the placebo group; the difference was significant (p < 0.01). A
significant improvement in the patient activity scores was also

seen at twelve weeks, with a mean improvement of 4.2 (from
7.7 to 3.5) in the active treatment group compared with 2.4
(from 7.4 to 5.0) in the placebo group (p = 0.0002).

The mean improvement in grip strength was 14.6 lb (6.6
kg) (from 71 to 87.1 lb [32.2 to 38.2 kg]) in the active treat-
ment group at twelve weeks compared with 8.6 lb (3.9 kg)
(from 72.5 to 81.5 lb [32.9 to 37.4 kg]) in the placebo group.
However, this difference was not significant (p = 0.09).

The rating of the overall impression of their disease state
by the patients in the active treatment group improved signifi-
cantly from 70.3 at baseline to 32.8 at twelve weeks. Compared
with the ratings of the placebo group, the difference was sig-
nificant (p = 0.0013) (Table II).

At six months, a similar improvement was seen among
the forty-seven patients in the active treatment group, some of
whom had been unblinded after twelve weeks. Thirty-five pa-
tients in the group (twenty-eight of whom remained blinded)
had maintained at least a 50% reduction in pain at that time.
With the patients who were not evaluated included as treat-
ment failures, the rate of patients who maintained the level of

TABLE II Efficacy Outcomes

Active Treatment Group Placebo Group

P 
Value‡

No. of 
Patients Baseline* 12 Weeks* Change†

No. of 
Patients Baseline* 12 Weeks* Change†

Pain 56 74 ± 15.8 37.6 ± 28.7 49% 58 75.6 ± 16.0 51.3 ± 29.7 32% 0.02

Functional scale 53 4.7 ± 1.8 2.3 ± 1.6 51% 54 4.6 ± 1.8 3.2 ± 2.1 30% 0.01

Activity score 52 7.7 ± 1.3 3.5 ± 2.2 55% 54 7.4 ± 1.2 5.0 ± 2.6 32% 0.0002

Overall impression 53 70.3 ± 16.0 32.8 ± 27.7 53% 54 66.0 ± 16.9 46.2 ± 28.11 30% 0.0013

Grip strength 
(lb [kg])

53 71 ± 26.3 
(32 ± 12)

87.1 ± 10 
(4.0 ± 5)

23% 54 72.5 ± 29.5 
(32.9 ± 13)

81.5 ± 32.5 
(37.0 ± 15)

12% 0.09

*The values are given as the mean and the standard deviation. †The change was calculated as the improvement from baseline within the
treatment group. ‡P values were calculated for the difference between the groups.

Fig. 2

Pain assessment to twelve weeks.
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pain relief was 63% (thirty-five) of the fifty-six patients. When
only those who remained blinded were considered, the rate
was 50% (twenty-eight patients). Only one patient who had
achieved a 50% reduction in pain at twelve weeks was found
not to have maintained this level of relief at six months. The
mean pain score in the active treatment group at six months
was 24, with a median score of 8. The functional scores in the
active treatment patients had also improved at six months,
with a mean improvement of 2.8 (from 4.7 to 1.9).

By six months, most patients in the placebo group had
been lost to crossover and were therefore not available for com-
parison. Of the sixteen placebo patients who had not crossed
over and were seen at six months, thirteen had achieved a 50%
reduction in pain. However, this represents only 22% (thirteen)
of the fifty-eight patients in the intent-to-treat placebo cohort.
The mean pain score in the placebo group at six months was 18,
with a median score of 6.

At one year, forty-six patients in the active treatment group
were evaluated again. Forty-three (93%) reported at least a 50%
reduction in pain. With those from the intent-to-treat cohort
who were not evaluated included as treatment failures, the rate
of patients who had achieved and maintained at least a 50% re-
duction in pain was 81% (forty-three of fifty-three patients).
The mean pain score was 10, with a median score of 4. Of the
fifteen patients in the placebo group who had not crossed over
and were seen at one year, all fifteen had achieved a 50% reduc-
tion in pain. This, however, represents only 26% (fifteen) of
the fifty-eight patients in the original placebo cohort.

Thirty-four patients from the placebo group crossed
over after twelve weeks to receive active treatment. All patients
were nonresponsive to placebo treatment and fulfilled the
same criteria for inclusion as at the beginning of the study.
These patients were then given the same active treatment pro-

tocol weekly for three weeks and were followed for twelve
weeks, according to the protocol previously outlined. Eight
patients (24%) dropped out prior to completing the twelve-
week follow-up evaluation. The reasons for dropping out were
an inability to tolerate treatment (one patient), failure to re-
turn for follow-up (one patient), patient request (five pa-
tients), and relocation from the region (one patient).

The mean pain score for the crossover patients before
they began active treatment was significantly lower than it had
originally been at the start of placebo treatment (p = 0.034).
During the placebo phase, the mean pain score had changed
from 78 before placebo treatment to 70 before active treat-
ment; whereas during active treatment, the mean pain score
had decreased from 70 to 28 at twelve weeks. At all visits dur-
ing active treatment, the crossover patients had significantly
lower pain scores than those during their corresponding pla-
cebo treatments (p = 0.0339 at baseline, p = 0.0027 at week 1,
and p < 0.0001 at weeks 4, 8, and 12) (Fig. 3). For the primary
efficacy analysis, a reduction in pain of at least 50% was
achieved by 56% (nineteen) of the thirty-four crossover pa-
tients compared with 0% during the placebo phase. The mean
functional scores with active treatment also improved. Dur-
ing the twelve-week placebo period, they had improved from
4.7 to 4.0, and, after twelve weeks with active treatment, they
improved from 3.9 to 1.98. The difference between the two
treatment groups (the original placebo patients and the same
patients who crossed over to active treatments) with respect to
this improvement did not reach significance (p = 0.25); how-
ever, within the active treatment group, the change from base-
line was significant (p < 0.0001).

Adverse Effects
No changes from baseline were seen in either the active treat-

Fig. 3

Summary of pain data for crossover patients.
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ment group or the placebo group with respect to the hemato-
logic, radiographic, or electrocardiographic studies obtained
at baseline and at the twelve-week follow-up examination. No
serious adverse effects from the device were found. Twenty-
eight patients (50%) in the active treatment group compared
with thirteen patients (22%) in the placebo group experienced
moderate treatment-related pain that was transient. Ten pa-
tients (18%), all in the active treatment group, experienced
nausea during treatment. Two active treatment patients had to
stop treatment sessions prior to receiving the full 2000 im-
pulses because of these symptoms. One withdrew from the
study, and one was able to resume and tolerate the treatment
later. One other active treatment patient withdrew because of
pain and a slight tremor in the treated arm after completing
the first treatment. No lasting adverse effects were noted, and
all of these effects had resolved by the final follow-up evalua-
tion. A full list of the adverse events probably or possibly re-
lated to the shock wave treatment is provided in Table III.

Discussion
n this study, we found extracorporeal shock wave therapy to
be effective in the treatment of chronic lateral epicondylitis

that had been refractory to other nonoperative treatment mo-
dalities. To our knowledge, this is the only double-blind,
placebo-controlled multicenter trial of shock wave therapy for

lateral epicondylitis to show efficacy in a general population.
Active treatment resulted in significant improvement com-
pared with placebo with respect to the reduction of pain,
functional scores, patient activity score, and subjective rating
of the disease state by the patient at twelve weeks. While grip
strength improvement with active treatment was not signifi-
cantly different from that with placebo treatment, the func-
tional score, a validated measure of upper extremity function
that combines activities requiring power grip and wrist and/or
finger extension, showed a significant improvement. The im-
provements gained by active treatment were maintained in al-
most all of the patients who were followed for twelve months.
Furthermore, the placebo patients who had not responded
and crossed over to active treatment showed significant im-
provement compared with their own scores during placebo
treatment.

The support for the use of shock wave therapy for lat-
eral epicondylitis in the literature has been highly question-
able6,9,10,17-19. In a meta-analysis of extracorporeal shock wave
therapy in the musculoskeletal system, Ogden et al. reviewed
the cases of more than 8000 patients with a wide variety of
musculoskeletal conditions5. For lateral epicondylitis, the pub-
lished and abstracted studies involved 1672 patients. Eleven
prospective studies identified in that meta-analysis, which
were not blinded or did not have control groups, described

I

TABLE III Device-Related Adverse Events at the Twelve-Week Follow-up Evaluation

Active Treatment Group Placebo Group

No. of 
Patients* 

No. of 
Occurrences

Percentage 
of Patients† 

No. of 
Patients*

No. of 
Occurrences

Percentage 
of Patients†

Pain 28 60 50 13 32 22

Nausea 10 10 18 0 0 0

Local reaction 6 8 11 5 5 9

Sweating 5 5 9 0 0 0

Dizziness 4 4 7 0 0 0

Hypertonia 3 5 5 3 3 6

Hypesthesia 3 5 5 1 2 2

Paresthesia 3 4 5 8 12 14

Joint stiffness 2 2 4 0 0 0

Myalgia 2 2 4 0 0 0

Tremor 2 2 4 0 0 0

Vasodilation 2 2 4 0 0 0

Pallor 1 1 2 0 0 0

Accidental injury 0 0 0 2 3 3

Headache 0 0 0 2 7 3

Peripheral edema 0 0 0 1 1 2

Twitching 0 0 0 1 1 2

Sinusitis 0 0 0 1 2 2

*The number of patients who had the adverse event. †Based on the intent-to-treat cohort, with fifty-six in the active treatment group and
fifty-eight in the placebo group.

http://www.ejbjs.org


1303

 TH E JO U R NA L OF BONE & JOINT SURGER Y ·  JBJS .ORG

VO LU M E 87-A ·  NU M B E R 6 ·  JU N E 2005
EX T R ACOR P ORE A L SHO CK WAVE THER APY W ITH OUT 
LO C A L ANESTHESIA FOR CHRONIC LATER AL EPICONDY LIT IS

success rates of 48% to 72%. In contrast, several recent high-
quality, prospective, randomized trials of extracorporeal shock
wave therapy did not find similar results and concluded that
there was no benefit to treatment over placebo11-15.

Speed et al. assessed moderate-dose shock wave therapy
for patients with lateral epicondylitis of at least three months’
duration in a double-blind, randomized, placebo-controlled
trial and found that the success rates for active shock wave
treatment (35%; fourteen of forty patients) and placebo (34%;
twelve of thirty-five patients) were not significantly different 12.
The dosing protocol used in that study was moderate-dose
shock wave therapy (1500 impulses at 0.12 mJ/mm2) given at
monthly intervals for three months. The dose and dosing in-
terval are different from the weekly application of low-dose
(2000 impulses at 0.06 mJ/mm2) shock wave therapy used in
our study and in most other trials of shock wave therapy. De-
spite the higher individual doses given in their monthly regi-
men, the total energy delivered per month was one-half of that
delivered in the current study. As the histologic response of
tissue treated with shock wave therapy is a dose-dependent
phenomenon, this may have influenced the findings of their
study8,18.

Similarly, Melikyan et al. evaluated higher-energy shock
wave therapy without local anesthesia for the treatment of lat-
eral epicondylitis in a randomized, double-blind study14. The
patients were treated with a single fractionated dose of 1000
mJ/mm2 of shock wave therapy split over three sessions of 333
mJ/mm2 each. The authors found no significant benefit to
shock wave treatment over placebo in any parameter includ-
ing the Disabilities of the Arm, Shoulder and Hand score,
pain, grip strength, analgesic use, or subsequent surgical rate.
That study differs from the current study in many ways. The
energy level and dosing protocol are different, and the con-
comitant use of nonsteroidal anti-inflammatory medications
was allowed. These medications inhibit the efficacy of extra-
corporeal shock wave therapy9,18. All patients in that study
were already awaiting surgery, were treated at a single institu-
tion, and had been selected for inclusion by a single surgeon,
which may have been a source of bias.

Chung and Wiley recently evaluated shock wave ther-
apy as a primary treatment for previously untreated lateral
epicondylitis in a double-blind, placebo-controlled trial15.
The success rate in the active treatment group (39%; twelve of
thirty-one patients) was not significantly higher than that in
the placebo group (31%; nine of twenty-nine subjects). They
used a treatment protocol that was similar to ours, but the
study group was much smaller and the patients had a shorter
duration of follow-up and had not previously been treated
for epicondylitis. The study protocol also allowed concurrent
use of nonsteroidal anti-inflammatory medications as well as
a stretching program, both of which could confound their
conclusions.

Haake et al. evaluated low-dose extracorporeal shock
wave therapy with local anesthesia in a randomized, double-
blind, placebo-controlled trial13. In that large study, no differ-
ence between shock wave therapy and sham treatment was

noted for any of the treatment efficacy end points. Both the ac-
tive treatment and placebo groups showed equal success rates
at 25.8% (thirty-two of 124 patients) and 25.4% (thirty-one of
122 patients), respectively. These results are similar to the suc-
cess rate spontaneously achieved in our placebo group, in
which 29% (seventeen of fifty-eight patients) attained a 50%
reduction in pain. While that study and ours are both multi-
center, randomized, double-blind, placebo-controlled trials
with similar inclusion and exclusion criteria and dosing proto-
cols, the study by Haake et al. used local anesthesia injected at
the treatment site. The use of a local anesthetic may alter the
tissue effect of the shock wave therapy, interfere with hyper-
stimulation analgesia, or simply inhibit the aiming of the treat-
ment head at the point of maximal tenderness. Regardless, this
confounding factor was not used in our study and may be a
reason for the very different outcomes.

Rompe et al. recently reported the results of a treatment
protocol nearly identical to that used in the current study but
limited to patients with epicondylitis secondary to playing
tennis18. While smaller in numbers, the results are very similar
to our findings with success in twenty-five (65%) of the thirty-
eight patients in the active treatment group compared with
eleven (28%) of the forty patients in the placebo group. Unlike
our study, that study was done at a single center, was limited to
tennis-related disease, and did not use a crossover design.

The decision not to use local anesthesia in our study,
while absolutely needed to eliminate its possible influence on
the effect of shock wave therapy and to allow clinical refocus-
ing, may have biased the efficacy of our blinding to some ex-
tent. Although the patients were treated in isolation and did
not know whether the treatment should be uncomfortable, a
sham treatment with a reflecting pad is a slightly different ex-
perience than active treatment. This may be inferred by the
higher rate of transient local pain with active treatment (50%)
compared with placebo (22%). However, half of the active
treatment patients did not experience pain with treatment, in-
dicating that their experience was not radically different from
that of most of the placebo group.

Other authors have found that a substantial number of
patients with lateral epicondylitis improve with time, and this
certainly occurred to a certain extent within our placebo
group3,12,13. In the patients who remained in the placebo co-
hort, high success rates were seen at six months (81%) and
one year (100%); however, this represents only 22% and 26%,
respectively, of the intent-to-treat cohort, a rate that has been
seen in other studies13. The high success rate of those who re-
mained in the placebo group is likely due to the bias resulting
from the fact that those who improved spontaneously did not
cross over into active treatment. In fact, of those who re-
mained in the placebo group after twelve weeks, only one pa-
tient had a pain score that would have qualified for inclusion
into the crossover cohort.

Extracorporeal shock wave therapy as utilized in the cur-
rent study, without the use of local anesthesia, is a safe and ef-
fective treatment of chronic lateral epicondylitis. In patients
who have had failure of conventional treatment of lateral epi-

http://www.ejbjs.org


1304

 TH E JO U R NA L OF BONE & JOINT SURGER Y ·  JBJS .ORG

VO LU M E 87-A ·  NU M B E R 6 ·  JU N E 2005
EX T R ACOR P ORE A L SHO CK WAVE THER APY W ITH OUT 
LO C A L ANESTHESIA FOR CHRONIC LATER AL EPICONDY LIT IS

condylitis, shock wave therapy can significantly improve the
pain scores, functional scores, and the subjective impression of
the disease state. These results are contradictory to those
found when extracorporeal shock wave therapy is used with
local anesthesia or with concomitant use of nonsteroidal anti-
inflammatory medications. Further research and clinical trials
may be necessary to evaluate the ideal dosing and influence of
confounding factors on the efficacy of shock wave therapy. �
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Accuracy of Office-Based 
Ultrasonography of the 

Shoulder for the Diagnosis 
of Rotator Cuff Tears
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Investigation performed at the Department of Orthopaedic Surgery, The Cleveland Clinic Foundation, Cleveland, Ohio

Background: This prospective multi-institutional study was designed to define the accuracy of ultrasonography, when
performed in an orthopaedic surgeon’s office, for the diagnosis of rotator cuff tears.

Methods: An anatomic diagnosis and a treatment plan were made on the basis of office-based shoulder ultrasonog-
raphy, physical examination, and radiographs for ninety-eight patients (ninety-nine shoulders) with a clinical diagnosis
of a rotator-cuff-related problem. The results of the ultrasonographic studies were then compared with the results of
magnetic resonance imaging and the operative findings.

Results: Office-based ultrasonography led to the correct diagnosis for thirty-seven (88%) of forty-two shoulders with a
full-thickness rotator cuff tear or both full and partial-thickness tears, twenty-six (70%) of thirty-seven shoulders with
a partial-thickness rotator cuff tear only, and sixteen (80%) of twenty shoulders with normal tendons. In no case was
the surgical approach (open or arthroscopic) that had been planned on the basis of the ultrasonography altered by
the operative findings, but the operative finding of a full-thickness tear resulted in an arthroscopic cuff repair in four
shoulders. Magnetic resonance imaging led to the correct diagnosis for forty (95%) of forty-two shoulders with a full-
thickness rotator cuff tear or both full and partial-thickness rotator cuff tears, twenty-seven (73%) of thirty-seven
shoulders with only a partial-thickness tear, and fifteen (75%) of twenty shoulders with normal tendons. There were
no significant differences between magnetic resonance imaging and ultrasonography with regard to the correct iden-
tification of a full-thickness tear or its size. The sensitivity of ultrasonography for detecting tear size in the anterior-
posterior dimension was 86% (95% confidence interval, 71% to 95%), and that of magnetic resonance imaging was
93% (95% confidence interval, 81% to 99%) (p = 0.26). The sensitivity of ultrasonography for detecting tear size in
the medial-lateral dimension was 83% (95% confidence interval, 69% to 93%), and that of magnetic resonance imag-
ing was 88% (95% confidence interval, 74% to 96%) (p = 0.41).

Conclusions: A well-trained office staff and an experienced orthopaedic surgeon can effectively utilize ultrasonogra-
phy, in conjunction with clinical examination and a review of shoulder radiographs, to accurately diagnose the extent
of rotator cuff tears in patients suspected of having such tears. Errors in diagnosis made on the basis of ultrasonog-
raphy most often consist of an inability to distinguish between partial and full-thickness tears that are approximately
1 cm in size. In this study, such errors did not significantly affect the planned surgical approach.

Level of Evidence: Diagnostic Level I. See Instructions to Authors for a complete description of levels of evidence.

ltrasonography of the shoulder has been shown to
be accurate for the diagnosis of full-thickness and
partial-thickness tears of the rotator cuff when per-

formed by an ultrasonography technician and interpreted by a
radiologist with expertise in the interpretation and perfor-
mance of such studies1-8. Ultrasonography has been used on a
limited basis for office-based diagnosis of rotator cuff tears,
and the literature contains few reports that clearly establish its

accuracy9-11. A recent review by Churchill et al. advocated the
use of office-based ultrasonography12.

We designed this study to determine the accuracy of of-
fice-based ultrasonography for the diagnosis of rotator cuff
tears. We compared the ultrasonographic findings with the re-
sults of preoperative magnetic resonance imaging and with
the operative findings; the operative findings were used as the
gold standard to define the accuracy of the ultrasound exami-

U
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nation. The ultrasound examination was used in conjunction
with the patient’s history, the results of physical examination,
and the surgeon’s evaluation of plain radiographs, as we be-
lieved this to be the most likely way that an orthopaedic sur-
geon would use an ultrasound examination performed in his
or her own office.

Materials and Methods
inety-eight patients (ninety-nine shoulders) with a clini-
cal diagnosis of rotator cuff symptoms, consisting of

pain, decreased function, and or/weakness, were prospec-
tively enrolled in this study, at one of three study sites. Thirty-
nine, thirty-seven, and twenty-three forms were submitted by
the separate sites. The treating orthopaedic surgeon (study in-
vestigator) first examined the patient and interpreted the
shoulder radiographs; he was shielded, by his staff, from any
other medical information or imaging studies that could have
biased him more than he was already biased by the knowledge
of the clinical symptoms and the results of the physical and ra-
diographic examinations. On completion of this preliminary
assessment, each patient entered into the study was considered
for possible surgical management. Although a rotator-cuff-
related problem was suspected in all patients, the exact diag-
nosis was not determined. All patients gave informed consent
to participate in the study, which was approved by the institu-
tional review board.

An ultrasound examination of the shoulder was per-
formed by an office-based physician-assistant or nurse-clinician
who was trained to perform the examination. The same per-
son in each office performed all of the ultrasound examina-
tions at that study site. All ultrasound examinations were
recorded on videotape, which the orthopaedic surgeon and
the study radiologist used to make an anatomic diagnosis.

Data Recording
After the ultrasonography was performed, the orthopaedic sur-
geon and the radiologist (at a later date) completed a question-
naire, noting the presence of a partial or complete tear, its size in
centimeters, and the tendon(s) involved (see Appendix). The
orthopaedic surgeon based the anatomic diagnosis on the clini-
cal examination, radiographs, and ultrasound examination and
then determined the surgical treatment plan. Only after the ul-
trasound-diagnosis and treatment-plan questionnaires had
been completed were the magnetic resonance images and report
on its findings reviewed by the orthopaedic surgeon. Then, the
same diagnosis and treatment-plan forms were completed
again. Some magnetic resonance imaging scans were performed
after the ultrasound examination, and some were performed
prior to the ultrasound examination. When the magnetic
resonance imaging had been performed prior to the ultrasound
examination, the orthopaedic surgeon was not aware of the di-
agnosis derived from the magnetic resonance imaging and did
not review the magnetic resonance images until he had inter-
preted the ultrasound study and had completed the diagnosis
and treatment forms. The radiologist, who was blinded to all of
the clinical and magnetic resonance imaging data, interpreted

the ultrasound videotapes (months after the patients were
treated) to establish if the study was of adequate technical qual-
ity and to render an anatomic diagnosis. At the time of surgery,
the surgeon completed another set of diagnosis and treatment
forms on the basis of the surgical findings and the actual sur-
gery performed.

Training, Equipment, and Ultrasound Examination
Each office assistant and the surgeon were trained during two
three-hour sessions at the clinician’s office. The first training
session consisted of a lecture on the principles of ultrasonog-
raphy followed by two hours of ultrasound shoulder examina-
tions of both normal and symptomatic volunteers. The
training radiologist was also the study radiologist investigator
and had twenty years of experience in ultrasound examination
of the shoulder. After the initial training period, five indepen-
dent examinations of consenting patients or volunteers were
performed at each center. The radiologist reviewed these fif-
teen studies, and then a second on-site training session was
performed. Following this session, ultrasonography was per-
formed on another five normal and symptomatic volunteers
at each center, and the videotapes were submitted to the radi-
ologist for review. None of these thirty patients were entered
into the study. Five of the first fifteen ultrasound examinations
were of poor technical quality (nondiagnostic), whereas none
of the second fifteen examinations were nondiagnostic. The
interpretations of the second fifteen studies by the radiologist
and the orthopaedic surgeon were in agreement with regard to
the presence of a tear, its site, and its size. No additional train-
ing was performed at any site after this phase of the study. Fol-
lowing the training period, all ultrasound examinations of
patients who subsequently had surgical treatment were in-
cluded in the study group.

Ultrasound Examinations
All patients underwent either unilateral or bilateral diagnostic
ultrasonography of the shoulder with an Agilent Image Point
HC ultrasound unit (Agilent Technologies, Palo Alto, Califor-
nia) and an L-1038 linear transducer (4.5 cm). The depth of
the ultrasound was adjusted to accommodate for differences
in soft-tissue mass among the patients and ranged from 3 to 5
cm with use of a 7.5-MHz transducer.

The ultrasound examinations were performed with both
the patient and the ultrasonographer seated on backless stools
facing each other. Ultrasound gel was liberally applied to the
shoulder. The patient positioned the arm at the side with the el-
bow bent to 90°. By positioning the transducer directly in front
of the shoulder in the transverse plane, the biceps was viewed in
its osseous groove. Once located, the biceps could be followed
longitudinally, parallel to its fibers. The subscapularis tendon
was viewed longitudinally, parallel to its primary fiber orienta-
tion. Dynamic images of the subscapularis tendon were re-
corded while the patient actively rotated the shoulder from
internal to external rotation. Dynamic images of the su-
praspinatus tendon were recorded with the arm in extension
and internal rotation, as the patient placed his or her hand on

N
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the buttock or lower lumbar spine. Imaging and recording of
the supraspinatus tendon were in both the transverse and the
sagittal plane, with the imaging performed at the tendon inser-
tion site. The infraspinatus was also viewed longitudinally with
the arm at the side of the body, and dynamic images were re-
corded with internal and external rotation of the shoulder.

Criteria for Ultrasound Diagnosis of Rotator Cuff Tears
Partial-thickness tears of the rotator cuff demonstrated an in-
crease in the echogenic signal intensity and/or a focal decrease
in the thickness of the tendon. Full-thickness tears demon-
strated a gap in the tendon substance with retraction from the
bone and often demonstrated increased echogenic signal from

Fig. 1-B

Fig. 1-A

Full-thickness tear of the supraspinatus tendon measured in centimeters in the anterior-posterior dimension 

(Fig. 1-A) and the medial-lateral dimension (Fig. 1-B).
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the exposed articular cartilage of the humeral head. The size
of the tear was measured, in centimeters, directly on freeze-
frame images with use of the cursor software function (Figs.
1-A and 1-B). The location (i.e., the involved tendon or ten-
dons) was designated as subscapularis, supraspinatus, in-
fraspinatus, or a combination. Partial-thickness tears were
diagnosed when there was a focal area of thinning of the ten-
don and were also measured in centimeters.

Magnetic Resonance Imaging and Criteria 
for Diagnosis of Rotator Cuff Tears
The magnetic resonance imaging scans were performed with
different equipment and were often done before the patient was
included in this study. Despite the variability in equipment, all
examinations were performed in a closed 1.5-T magnet with a
field of view of 14 to 16 cm and use of T1 and T2-weighted im-
age sequences in the sagittal and coronal oblique and axial
planes. Intra-articular gadolinium was not routinely adminis-
tered. The criterion for a full-thickness rotator cuff tear was a
fluid-filled gap in the tendon noted on the T2-weighted sagittal
or coronal oblique images. A partial-thickness tear was defined
as an increase in the signal noted on the T1-weighted images,
with brighter signal on the T2-weighted paired image. The loca-
tion of the tear was defined by the tendon(s) involved, and the
total size in the anterior-posterior and medial-lateral dimen-
sions was measured in centimeters with use of the magnetic res-
onance imaging scale noted on the images.

Anatomic Diagnosis of Rotator Cuff Tears
Surgery was performed with either arthroscopic or open tech-
niques. A full-thickness rotator cuff tear was identified as a gap
in the tendon. The involved tendons were measured with a cali-
brated probe or ruler, and the total tendon gap was measured in
centimeters prior to débridement of the tendon edges. A par-
tial-thickness defect on either the bursal or the articular surface
was identified as tendon-fraying and loss of tendon substance.
Partial-thickness tears on the articular surface were diagnosed
by direct inspection with open surgery only in the presence of a
full-thickness tear. All partial-thickness tears were treated ar-
throscopically, which allowed partial-thickness tears on the ar-
ticular side to be diagnosed without difficulty. The size of the
partial-thickness tears was measured after débridement of the
frayed portions of the tendon. A partial-thickness tear was re-
corded as being present only when there was a loss of tendon
substance; minor fraying of the tendon without loss of tendon
substance was not considered to be a partial-thickness tear on
the magnetic resonance imaging or ultrasound scans.

Statistical Methods
Data from case report forms were entered into a Microsoft Ac-
cess database. They were then transferred to an SAS data set
(SAS Institute, Cary, North Carolina) for checking, editing, and
analysis.

A shoulder diagnosed with either a full-thickness tear
alone or with both a full and a partial-thickness tear was de-
fined as having a full-thickness tear for the purpose of the

analysis. Only the shoulders that had a partial-thickness tear
alone were defined as having a partial-thickness tear. The sen-
sitivity for detecting tear type and size was estimated by com-
paring the findings of the imaging studies with the operative
finding (the gold standard). The ability to detect tear size (i.e.,
the proportion of tears that was seen to be within 2 cm of the
size of the tear seen at the operation) was defined separately
for full-thickness tears (i.e., full-thickness tears alone and full-
thickness tears associated with a partial-thickness tear) and for
partial-thickness tears (alone) and was assessed in both the
medial-lateral and the anterior-posterior dimension. The pos-
itive and negative predictive values and the false-positive rate
(one minus the positive predictive value) were also calculated
for the ultrasonography and magnetic resonance imaging.
The McNemar test for paired proportions was used to com-
pare the sensitivity of ultrasonography with that of magnetic
resonance imaging for detecting the tear type, size, and site.
P values of <0.05 were deemed to indicate significance.

The accuracy of the surgeon and the radiologist with re-
gard to diagnosing the tear type (none, partial-thickness only,
or full-thickness) was defined as the proportion of correct as-
signments (i.e., agreement with the type defined in the opera-
tive report) out of the total number of shoulders. The 95%
confidence interval is given for most estimates.

Results
n the basis of the office-based ultrasonography of ninety-
nine shoulders, the orthopaedic surgeon correctly diag-

nosed thirty-seven (88%) of forty-two full-thickness rotator
cuff tears (95% confidence interval, 0.74% to 0.96%), twenty-
six (70%) of thirty-seven partial-thickness rotator cuff tears
(95% confidence interval, 53% to 84%), and sixteen (80%) of
twenty shoulders with normal tendons (95% confidence inter-
val, 56% to 94%) (Table I). Of the five surgically confirmed
full-thickness tears that had been incorrectly diagnosed on the
basis of the ultrasonography, four were thought to be a partial-
thickness tear of the same tendon and one was thought to be a
normal tendon. All of the incorrectly diagnosed full-thickness
tears were 1 to 2 cm in size with <1 cm of retraction. As mea-
sured at the time of the surgery, twenty full-thickness tears were
≤2 cm, twelve were >2 cm and <4 cm, and ten were >4 cm. The
errors in ultrasonographic diagnosis all involved tears that were
≤2 cm. Of the eleven partial-thickness tears that were found at
surgery but had been misdiagnosed with the ultrasound exami-
nation, nine had been misdiagnosed as either a full-thickness
tear alone or both a full-thickness tear and a partial tear of the
same tendon. The largest of these tears was 2 cm. The other
two shoulders with a partial-thickness tear were misdiag-
nosed as having normal tendons. Five initially misdiagnosed,
deep partial-thickness tears were repaired. Of the four shoul-
ders in which normal tendons were found at surgery but a tear
had been misdiagnosed with the ultrasound examination, three
had been misdiagnosed as having a partial-thickness tear and
one, as having combined full and partial-thickness tears.

In no instance was the surgical approach (open or ar-
throscopic) that had been planned on the basis of the ultra-

O
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sonography altered by the operative findings. However, in four
shoulders, the operative finding of a full-thickness tear re-
sulted in an arthroscopic repair. Arthroscopic repair, with
or without mini-open rotator cuff repair, was planned for
eighty-five shoulders. The remaining shoulders were originally
diagnosed as having a larger, full-thickness tear and were
scheduled for open surgery.

Four partial and three full-thickness tears were isolated
to the subscapularis tendon, and the remaining tears involved
the supraspinatus with or without infraspinatus involvement.
The ultrasound examination correctly identified the sites of
71% of the forty-two full-thickness tears (95% confidence in-
terval, 55% to 84%), whereas the magnetic resonance imaging
correctly identified the sites of 86% of the forty-two full-thick-
ness tears (95% confidence interval, 71% to 95%) (p = 0.058).

The radiologist determined that all eighty-seven of the
ultrasound examinations that were submitted to him were of
adequate diagnostic quality. Overall, the radiologist accurately
identified the tear type (i.e., agreed with the operative report)
in forty-five (52%) of the eighty-seven shoulders (95% confi-
dence interval, 41% to 63%). The radiologist made an accu-

rate diagnosis for twenty-five (63%) of the forty shoulders in
which a full-thickness tear or combined full and partial-
thickness tears were operatively confirmed and for eight
(24%) of the thirty-three shoulders in which only a partial-
thickness tear was operatively confirmed. On the basis of the
ultrasound studies, the radiologist diagnosed eighteen (55%) of
the thirty-three shoulders with an operatively confirmed par-
tial-thickness tear as not having a tear and seven (21%) as hav-
ing a full-thickness tear or both a full and a partial-thickness
tear. Of the forty shoulders with an operatively confirmed full-
thickness tear, ten (25%) were diagnosed by the radiologist,
on the basis of the ultrasonography, as having intact tendons
and five (13%) as having a partial-thickness tear. The accuracy
of the orthopaedic surgeon’s interpretation of the sonograms
after clinical examination was significantly higher than the ac-
curacy of the radiologist’s blinded interpretation of the sono-
grams (80% compared with 52%, p < 0.001).

The magnetic resonance imaging led to the correct diag-
nosis of forty (95%) of forty-two full-thickness tears (95%
confidence interval, 84% to 99%), twenty-seven (73%) of
thirty-seven partial-thickness tears (95% confidence interval,

TABLE I Accuracy of Ultrasonographic Examination*

Operative Report

Ultrasonographic Findings

No Tear
Partial-Thickness 

Tear Only

Full-Thickness Tear 
with or without 

Partial-Thickness Tear† Total

No tear 16 (80%) 3 (15%) 1 (5%) 20

Partial-thickness tear only 2 (5%) 26 (70%) 9 (24%) 37

Full-thickness tear with or without partial-thickness tear 1 (2%) 4 (10%) 37 (88%) 42

Total 19 33 47 99

*The values are given as the number, with the percentage of the total in the row given in parentheses. Accuracy = 79/99, or 0.80 (95% con-
fidence interval, 0.71 to 0.87). †For full-thickness tears (with or without a partial-thickness tear), sensitivity = 37/42, or 0.88 (95% confi-
dence interval, 0.74 to 0.96); positive predictive value = 37/47, or 0.79 (95% confidence interval, 0.64 to 0.89); false-positive rate (one
minus positive predictive value) = 10/47, or 0.21 (95% confidence interval, 0.11 to 0.36); and negative predictive value = 47/52, or 0.90
(95% confidence interval, 0.79 to 0.97).

TABLE II Accuracy of Magnetic Resonance Imaging*

Operative Report

Magnetic Resonance Imaging Findings

No Tear
Partial-Thickness 

Tear Only

Full-Thickness Tear 
with or without 

Partial-Thickness Tear† Total

No tear 15 (75%) 4 (20%) 1 (5%) 20

Partial-thickness tear only 4 (11%) 27 (73%) 6 (16%) 37

Full-thickness tear with or without partial-thickness tear 0 (0%) 2 (5%) 40 (95%) 42

Total 19 33 47 99

*The values are given as the number, with the percentage of the total in the row given in parentheses. Accuracy = 82/99 or 0.83 (95% con-
fidence interval, 0.74 to 0.90). †For full-thickness tears (with or without a partial-thickness tear), sensitivity = 40/42, or 0.95 (95% confi-
dence interval, 0.84 to 0.99); positive predictive value = 40/47, or 0.85 (95% confidence interval, 0.72 to 0.94); false-positive rate (one
minus positive predictive value) = 7/47, or 0.15 (95% confidence interval, 0.06 to 0.28); and negative predictive value = 50/52, or 0.96
(95% confidence interval, 0.87 to 1.00).
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56% to 86%), and fifteen (75%) of twenty shoulders with nor-
mal tendons (95% confidence interval, 51% to 91%) (Table
II). Both of the misdiagnosed full-thickness tears had been
identified as a partial-thickness tear of the same tendon on
the basis of the magnetic resonance imaging. Both of these
missed full-thickness tears were 1 cm in size. Of the ten misi-
dentified partial-thickness tears, six had been diagnosed as a
full-thickness tear of 0.5 cm to 1.5 cm in size with minimal re-
traction. Five of these tears required repair. Of the five shoul-
ders that had been misdiagnosed as having normal tendons
on magnetic resonance imaging, four were found to have a
partial-thickness tear and one was found to have a 0.5-cm full-
thickness tear of the supraspinatus at the time of the surgery.

Magnetic resonance imaging and ultrasonography did
not differ significantly with regard to their ability to detect the
presence of a full-thickness tear: ultrasonography identified
88% of the tears and magnetic resonance imaging, 95% (p =
0.18). When the modalities were compared with regard to their
accuracy in detecting tear size (defined as the proportion of
tears that were shown to be within 2 cm of the size noted in the
operative report) in the anterior-posterior dimension, ultra-
sonography was found to have an accuracy of 86% (95% confi-
dence interval, 71% to 95%) and magnetic resonance imaging,
93% (95% confidence interval, 81% to 99%) (p = 0.26). The
accuracy of ultrasonography for detecting tear size in the me-
dial-lateral dimension was 83% (95% confidence interval, 69%
to 93%), whereas the accuracy of magnetic resonance imaging
was 88% (95% confidence interval, 74% to 96%) (p = 0.41).

Discussion
his study was designed to assess ultrasound examinations
in three centers at which the involved clinicians were all

subspecialty-trained orthopaedic surgeons who evaluated and
treated a large number of patients with shoulder disorders on a
regular basis. Our primary goal was to determine the diagnos-
tic accuracy of ultrasonography in the typical clinical setting.
Therefore, we included physical examination and radiographs
as part of the clinical evaluation of the patient. We did not in-
tend to assess the diagnostic ability of ultrasonography alone. It
could be argued that there was a bias in the interpretations of
both the ultrasonographic and the magnetic resonance images
because the orthopaedic surgeon had knowledge of the pa-
tient’s history, findings on physical examination, and radio-
graphic findings and consequently had formed a clinical
diagnosis prior to the assessment of the ultrasound examina-
tion. In this study, a clinical diagnosis of a rotator-cuff-related
problem as the cause of the patient’s symptoms was a require-
ment for inclusion. In addition, the orthopaedic surgeon as-
sessed the magnetic resonance images after he had reviewed
the ultrasound images, a factor that could be considered either
experimental bias or clinical correlation. This methodology
was intentional because we believe that it accurately reflects
how imaging studies are employed clinically. Because the ultra-
sonography was performed in the surgeon’s office rather than
at another site, it became an extension of the physical examina-
tion and the clinical evaluation of the shoulder at the time of

the patient’s office visit. It is our belief that the bias of the or-
thopaedic surgeon explained why he had a higher degree of ac-
curacy than the radiologist, who was blinded to all of the
clinical data.

In a recent study, Teefey et al.13 compared the results of
ultrasonography and magnetic resonance imaging with the
surgical findings in seventy-one shoulders. Forty-six shoul-
ders had a full-thickness rotator cuff tear, nineteen had a par-
tial-thickness tear, and six had no tear. The ultrasonography
and magnetic resonance imaging were performed by expert
radiologists and were interpreted by the same radiologists.
Forty-five (98%) of the forty-six full-thickness tears and thir-
teen (68%) of the nineteen partial-thickness tears were accu-
rately detected by the ultrasonography. This accuracy was
higher than that in our study, in which thirty-seven (88%) of
forty-two full-thickness tears and twenty-six (70%) of thirty-
seven partial-thickness tears were accurately identified by ul-
trasonography. This difference suggests that the quality of the
scans and/or the expertise of the radiologist in the study by
Teefey et al. was better than those in our study.

We used strict imaging criteria to define partial and full-
thickness tears, tear size, and the location of the tear. The abil-
ity of both magnetic resonance imaging and ultrasonography
to show a detailed picture of the tear clearly extends the clini-
cian’s ability to establish a more precise diagnosis beyond that
possible with a clinical examination and radiographic studies
alone. Despite the information provided by preoperative im-
aging, the surgical procedure may still be modified on the ba-
sis of the operative findings. This is particularly true for
rotator cuff repair, as the size and depth of a partial-thickness
tear or the size, tissue quality, and ability to mobilize a full-
thickness tear are best determined at the time of surgery.
These operative findings often determine both the operative
procedure that is performed and the clinical outcome. 

The advantage of office-based ultrasonography is that it
is performed at the time of the patient’s clinical evaluation, so
there is no need to schedule another appointment for the test;
thus, it is very convenient for the patient.

We believe that office-based ultrasonography is appropri-
ate as an initial screening study for a patient with a suspected
rotator cuff tear, and, when used in conjunction with a radio-
graphic study and clinical examination, is sufficient as a defini-
tive study for the management of most patients with rotator
cuff tears. Magnetic resonance imaging has distinct advantages
for the evaluation of rotator cuff pathology, as it is best for the
assessment of muscle atrophy and the degree of tendon retrac-
tion, which are important considerations in the repair of large
and massive tears. Furthermore, magnetic resonance imaging is
helpful for defining an acute extension of a chronic tear. In such
cases, we prefer to utilize magnetic resonance imaging in con-
junction with office-based ultrasonography. Magnetic reso-
nance imaging is also better able to demonstrate intra-articular
capsular and labral lesions that may be associated with rotator
cuff lesions. Ganglion cysts compressing the suprascapular
nerve can simulate the atrophy and weakness associated with
large rotator cuff tears, and magnetic resonance imaging is the
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study of choice when this diagnosis is suspected.
In conclusion, a well-trained office staff and an expe-

rienced orthopaedic surgeon can utilize ultrasonography, in
conjunction with clinical examination and a review of
shoulder radiographs, to accurately diagnose the extent of
rotator cuff pathology in patients in whom such pathology
is suspected. We recommend the use of ultrasonography in
an office setting when a patient has a clinical diagnosis of a
rotator cuff tear and there is little concern about additional
diagnoses related to intra-articular lesions. Proper training
and verification of the diagnostic quality and accuracy of
the interpretations is crucial to the value of this office-based
examination.

Appendix
The questionnaire used in this study is available with the
electronic versions of this article, on our web site at

jbjs.org (go to the article citation and click on “Supplementary
Material”) and on our quarterly CD-ROM (call our subscrip-
tion department, at 781-449-9780, to order the CD-ROM). �
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Comparison of Glenohumeral 
Mechanics Following a Capsular 

Shift and Anterior Tightening
BY VINCENT M. WANG, PHD, MATTHEW T. SUGALSKI, MD, WILLIAM N. LEVINE, MD, 

ROBERT J. PAWLUK, MS, VAN C. MOW, PHD, AND LOUIS U. BIGLIANI, MD

Investigation performed at Columbia University, New York, NY

Background: Numerous surgical techniques have been developed to treat glenohumeral instability. Anterior tighten-
ing procedures have been associated with secondary glenohumeral osteoarthritis, unlike the anterior-inferior capsular
shift procedure, which has been widely advocated as a more anatomical repair. The objective of the present study
was to quantify glenohumeral joint translations, articular contact, and resultant forces in cadaveric specimens in or-
der to compare the effects of unidirectional anterior tightening with those of the anterior-inferior capsular shift.

Methods: Six normal fresh-frozen cadaveric shoulders were tested on a custom rig with use of a coordinate-measuring
machine to obtain kinematic measurements and a six-axis load transducer to measure resultant external joint forces.
Shoulders were tested in the scapular plane in three configurations (normal anatomical, anterior tightening, and ante-
rior-inferior capsular shift) and in three humeral rotations (neutral, internal, and external). Glenohumeral articular sur-
face geometry was quantified with use of stereophotogrammetry for kinematic and contact analyses. Resultant joint
forces were computed on the basis of digitized coordinates of tendon insertions and origins.

Results: Compared with the controls (maximum elevation, 167º ± 8°), the anteriorly tightened specimens demon-
strated loss of external rotation, significantly restricted maximum elevation (135° ± 16°, p = 0.002), posterior-inferior
humeral head subluxation, and significantly greater posteriorly directed resultant forces at higher elevations (p <
0.05). In contrast, compared with the controls, the specimens that had been treated with the anterior-inferior capsu-
lar shift demonstrated a similar maximum elevation (159° ± 11°, p = 0.8) without any apparent loss of external rota-
tion and with reduced humeral translation.

Conclusions: Anterior tightening adversely affects joint mechanics by decreasing joint stability, limiting both external ro-
tation and arm elevation, and requiring greater posterior joint forces to attain maximum elevation. The anterior-inferior
capsular shift improves joint stability while preserving external rotation with no significant loss of maximum elevation.

Clinical Relevance: The results of this in vitro cadaveric study support clinical observations that the anterior-inferior
capsular shift procedure more closely recreates normal joint mechanics in comparison with unidirectional anterior
tightening procedures.

umerous operative procedures have been developed
to address symptomatic anterior glenohumeral insta-
bility1-3. Several of these procedures achieve gleno-

humeral stability by foreshortening the anterior capsule and
the subscapularis tendon. In a review of their experience with
the Putti-Platt and Bankart procedures, Morrey and Janes re-
ported an 11% recurrence rate and a 90% satisfaction rate;
however, 76% of their patients experienced a pronounced loss
of range of motion, including the inability to externally rotate
beyond neutral4. Long-term follow-up studies of patients who
have been managed with the Magnuson-Stack, Putti-Platt,
and other unidirectional anterior tightening procedures that
limit external rotation have shown an unacceptably high asso-
ciation with secondary osteoarthritis1,5-7.

Neer believed that the development of osteoarthritis fol-
lowing instability repair was due to the unidirectional nature of
the repair in shoulders that were multidirectionally hyper-
mobile8. To correct this problem, Neer and Foster described the
inferior capsular shift procedure8, in which the inferior joint
capsule is completely detached from the humerus and is shifted
superiorly to eliminate the redundant capsular tissue and to
provide equal soft-tissue tension within the anterior, posterior,
and inferior capsule. This procedure is now commonly referred
to as an anterior-inferior capsular shift to distinguish it from a
similar procedure performed on the posterior-inferior capsule.
Neer and Foster reported a satisfaction rate of 97% in a prelimi-
nary report8, and these results were recently validated by Pollock
and coworkers in a longer-term follow-up study of patients in
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whom the procedure was performed for the treatment of multi-
directional instability9. There have been no reported associa-
tions between the anterior-inferior capsular shift procedure and
secondary osteoarthritis.

Several experimental studies have assessed the biome-
chanics of capsular shift procedures10-12, and, to our knowledge,
one study has quantified joint stability following unidirectional
anterior tightening procedures13. We are not aware of any stud-
ies, however, that have compared anterior tightening proce-
dures with procedures that have not been associated with
osteoarthritis (e.g., capsular shift procedures). Moreover, little is
known regarding resultant glenohumeral joint forces following
capsular procedures.

The objective of the present study was to quantify gleno-
humeral joint translations, articular contact, and resultant forces
in cadaveric specimens in order to compare the effects of unidi-
rectional anterior tightening with those of the anterior-inferior
capsular shift procedure, using data from the unaltered joints
(i.e., prior to the capsular alterations) as controls. The study was
performed with use of a new experimental model, developed
for the present investigation, that simulates active glenohumeral

motion over a full range of humeral rotations during elevation
in the scapular plane. We hypothesized that (1) anterior capsu-
lar tightening induces a posterior shift of normal glenohumeral
contact and an increase in the posteriorly directed joint-contact
force and (2) joint mechanics following an anterior-inferior
capsular shift closely approximate those of the normal joint.

Materials and Methods
Specimen Preparation

he experimental model used in this study is based on that
developed by Soslowsky et al.14 for glenohumeral contact

studies and adapted by Kelkar et al.13,15 for kinematic studies.
Six normal fresh-frozen human cadaveric shoulders with no
radiographic evidence of preexisting fractures, osteoarthritis,
rotator cuff tears, or capsular pathology were tested. The spec-
imens were obtained from three female donors and three male
donors who had been an average (and standard deviation) of
52 ± 13 years old (range, thirty-four to sixty-seven years old)
at the time of death. Three specimens were from the right side,
and three were from the left. Each shoulder was thawed and
was dissected down to the glenohumeral joint, with removal

T

Fig. 1

Schematic of experimental setup. A, humerus; B, humeral triads; C, deltoid cables; D, eyebolts for deltoid origins; E, adjustable slides; F, scapular 

triads; G, potted scapula; H, scapular mounting box; I, redirected deltoid cables; J, redirected rotator cuff cables; K, specimen mounting pipe; L, six-

axis load-cell with triads for identification of coordinate axes; M, pulleys for redirecting muscle forces to spring scales; N, spring scales; O, worm 

gear apparatus for adjusting muscle-force tension; P, arm weight; and Q, mechanism to adjust angle of arm weight vector.
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of all soft tissue except for the subacromial bursa, coraco-
humeral and coracoacromial ligaments, rotator cuff tendons,
and glenohumeral capsule. During dissection, preparation,
and testing, the joint was regularly moistened with a physio-
logic saline solution.

The forces of the anterior, middle, and posterior del-
toids; the supraspinatus; the subscapularis; and the combined
infraspinatus-teres minor were simulated with use of flexible
cables14,15. All cables were positioned along their respective an-
atomic lines of action and were redirected over pulleys to
worm gear mechanisms in series with calibrated spring scales
(Fig. 1, locations M, N, and O). The tensile force applied to
each tendon in each testing position was recorded from the
spring scales for subsequent resultant joint force calculations.
The inferior third of the scapula was potted in polymethyl-
methacrylate, with the plane of the scapula tilted anteriorly by
20° and its medial border vertical in order to simulate its in
vivo orientation with the arm at the side14,15. The joint was then
mounted onto a custom-designed universal joint testing rig
(Fig. 1)13. Both the humerus and the scapula were instru-
mented with two rigid triads (Fig. 1, locations B and F) for
geometric and kinematic analyses13. On the basis of anthro-
pometric data for a 68.2-kg (669-N) person, representing the
average of male and female body weights, a 30-N mass simu-
lating the weight of the entire arm was attached at its center of
gravity14,15. As the scapula remained stationary during testing,
scapulothoracic motion was simulated by adjusting the line of
action of the arm weight vector originating from the distal
part of the humerus at each position of elevation (Fig. 1, loca-
tions P and Q)14,15.

Muscle Loading and Test Positions
Each humerus was actively elevated in the scapular plane by
applying tensile forces to the six simulated muscles. Prior to
testing, the joint capsule was vented in each shoulder because
incision of the capsule during the ensuing anterior-inferior
capsular shift procedure would result in a loss of intra-articular
pressure. Shoulders were tested in 30° increments of arm ele-
vation, from 0° to maximum active elevation in the scapular
plane. The patterns of muscle loading that were utilized dur-
ing testing were based on reported electromyographic data
and muscle lever arms14-16.

Each shoulder was tested in neutral, internal, and external
humeral rotation. Neutral rotation corresponded to the clinical
position in which the forearm is placed in the sagittal plane. The
amount of external rotation that was applied was the amount
that allowed maximum humeral elevation in the scapular plane,
as described in previous studies from our laboratory14,15. Relative
to neutral rotation, external and internal rotation averaged
29° ± 5° and 19° ± 5°, respectively. By experimental design, the
selected range of elevation in internal rotation was 30° to 120°,
representing the middle part of the range of motion.

All shoulders were tested first in the normal anatomical
state with no alterations made to the joint capsule (which sub-
sequently will be referred to as the control configuration), fol-
lowed by an anterior tightening configuration and, finally, an

anterior-inferior capsular shift configuration. This testing se-
quence was selected because the anterior tightening procedure
was easily reversed and left little residual damage to the capsule.

Anterior Tightening
An experimental model for unidirectional anterior tightening
was utilized as previously described by Kelkar13. Although this
surgical simulation was not an exact replication of the Magnu-
son-Stack or Putti-Platt operations, it achieved a direct fore-
shortening of the anterior capsule, consistent with the end
result of both procedures. Three number-30 drill-holes were
created in the anterior-posterior direction just medial to the
glenoid. Three separate number-2 nonabsorbable sutures
(United States Surgical, Norwalk, Connecticut) were sewn
through the superior, middle, and inferior portions of the ante-
rior capsule in a medial-to-lateral direction and were threaded
posteriorly through corresponding drill-holes created just me-
dial to the glenoid (Fig. 2-A). To simulate the loss of external ro-
tation reported clinically following Putti-Platt repairs, and to
ensure a consistent amount of tightening in all shoulders, the
sutures were tightened (Fig. 2-B) under simultaneous resistance
of an applied 39-N infraspinatus force, such that the net hu-
meral rotation was neutral13. Once the sutures were tied, the
specimen was then tested in the scapular plane in neutral rota-
tion and internal rotation. Following kinematic testing in this
configuration, the sutures were cut and removed. Although
capsular integrity was not quantified following release of the
anterior tightening, we neither detected an increase in passive
range of joint motion relative to that of controls nor observed
evidence of damage to the capsules of any of the specimens.

Anterior-Inferior Capsular Shift
An experimental form of Neer and Foster’s original inferior
capsular shift8 was implemented. First, the capsular tissue in
the rotator interval was secured with 2-0 nonabsorbable su-
ture. The entire capsule was completely dissected from the
overlying subscapularis tendon. The lateral capsule was then
resected from its humeral insertion, starting at the superior
border of the subscapularis tendon and proceeding inferiorly
around the humerus as far as was required to collapse the infe-
rior pouch and to ensure a mobile flap of capsular tissue. The
T-capsulorrhaphy was completed with a horizontal incision
through the anterior capsule between the inferior and middle
glenohumeral ligaments. The capsule was then securely re-
paired to its insertion with use of three suture anchors (Mitek
Worldwide, Norwood, Massachusetts). To achieve consistency
in capsular tensioning, all humeri were first held with the arm
in 30° of elevation and 30° of external rotation while the infe-
rior capsular flap was advanced superiorly and repaired to
bone. The shoulder was then maintained at 0° of elevation as
the superior flap was shifted inferiorly to overlap the repaired
inferior flap and to reinforce the capsule anteriorly9. All of the
capsular shifts were completed and secured without requiring
reinforcement with the posterior one-half of the subscapularis
tendon as was originally described by Neer and Foster. The
observed ranges of passive joint motion were similar between
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the control and capsular shift configurations, confirming that
the desired capsular tension was achieved with our surgical re-
construction.

Joint Loading and Kinematic Measurement
A three-dimensional coordinate-measuring machine (Mitu-
toyo #CX-652-D2, Paramus, New Jersey) with a rated accu-
racy of 50 µm per axis was used to identify the position and
orientation of both the humerus and the scapula throughout
testing13. At each testing position, the three spherical fiduciary
markers on each humeral and scapular triad were digitized for
subsequent kinematic analysis15. A six-degrees-of-freedom load
transducer (JR3, Woodland, California) was secured to the

specimen mounting pipe (Fig. 1, location L) for the purpose
of validating the computed joint-reaction forces (described
below). The load-cell measured the resultant force and mo-
ment vector components due to external loads applied to the
mounting pipe. Reaction forces and joint kinematics were
subsequently computed and reported in the coordinate system
of the coordinate-measuring machine.

Surface Geometry, Kinematic, 
and Contact Computations
At the completion of kinematic testing, the joint was disarticu-
lated and stereophotogrammetry was performed on the hu-
meral head and glenoid cartilage surfaces to determine their
radii of curvature17. With use of a least-squares algorithm18, the
triad data from the humerus and scapula were aligned to their
respective positions during experimentation in order to recon-
struct the geometrical surfaces of the glenoid and humeral
head in their locations and orientations during testing. The ki-
nematics of the center of curvature of the humeral head carti-
lage surface were then obtained by determining best-fit spheres
through the articular surface data15. The deviation of the geo-
metric center of the humeral head from the reference position
was computed and averaged over the six specimens for each in-
crement of elevation studied. Joint-contact analyses were per-
formed with use of the proximity technique described by
Soslowsky et al.14, and contact patterns were qualitatively com-
pared across test configurations.

Joint-Reaction Force Calculation
Following stereophotogrammetry, the rotator cuff tendon at-
tachments were sharply dissected off the humerus. The hu-
meral and scapular musculotendinous origins and insertions
of the rotator cuff and deltoid, as well as their associated tri-
ads, were digitized with use of the coordinate-measuring ma-
chine. For each elevation and rotation tested, the direction
(i.e., unit vector) of each muscle force was calculated with use
of the coordinates of the transformed centroids of its insertion

Fig. 2-B

Fig. 2-A

Line drawing of frontal view of the anterior capsular tightening proce-

dure. Sutures (A) are passed through the joint capsule (B) and are 

threaded through drill-holes medial to the glenoid (C).

Line drawings of a cross-sectional view of the glenohumeral joint. In neutral rotation, prior to suture tightening, 

the anterior capsule is lax (left image). Following suture tightening, the anterior capsule is pulled taut, forming 

a tether to anterior humeral translation (right image). E, humeral head; F, scapular neck; G, anterior capsule; H, 

posterior capsule; and I, drill-holes for sutures.
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and origin. The magnitudes of the applied tendon forces in
each test position were multiplied by the calculated unit vec-
tors to produce muscle force vectors. Vectors representing the
weight of the arm were calculated from direct digitization of
the arm-weight cable at each kinematic position.

The glenohumeral joint-reaction force was calculated
for each test position on the basis of a free-body diagram anal-
ysis of the humerus in its experimental configuration19. The
magnitude FR of the joint-reaction force was determined with
use of the relation , where FML, FSI,FR FML

2

FSI

2

FAP

2+ +=

Fig. 3-B

Fig. 3-A

Line graphs illustrating anterior-posterior (Fig. 3-A) and superior-inferior (Fig. 3-B) translation of 

the geometric center of humeral head cartilage surface during elevation in neutral rotation. The 

kinematic reference point is the center of curvature of the humeral head at 90° in the normal 

joint configuration. The data shown are the averaged values from six shoulders. The error bars 

represent standard deviations.
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and FAP are the medial-lateral, superior-inferior, and anterior-
posterior force components, respectively. The computed reac-
tion-force vectors showed good agreement with load-cell
measurements (range of squared correlation coefficients, 0.93
to 0.98) as reported in a previous validation study19.

Statistical Analysis
Statistical analyses were performed with use of a generalized lin-
ear model repeated-measures analysis of variance (SAS 8.0 for
Windows; SAS Institute, Cary, North Carolina). The three sta-
tistical factors in this regression model were test configuration,
humeral rotation, and arm elevation. The dependent variables
included the three components of humeral head translations
and resultant joint forces. Student-Newman-Keuls multiple-
range comparisons were used to detect differences among levels
of each factor. The level of significance was set at p ≤ 0.05.

Results
Articular Geometry

he average radii of curvature of the humeral head (RH)
and glenoid (RG) articular surfaces were 25.4 ± 2.8 mm

and 26.0 ± 3.1 mm, respectively. The differences (RG − RH) in
the radii of curvature of mating humeral head and glenoid
cartilage surfaces (i.e., the joint incongruence) for the six
specimens were 1.1, −0.9, 0.3, 1.6, 1.2, and 0.3, yielding an av-
erage of 0.6 ± 0.9 mm.

Translation of the Geometric Center of the Humeral Head
Neutral Rotation

In neutral rotation, the two shoulders with the least joint con-
gruence surprisingly translated anteriorly (maximum trans-
lations, 1.4 and 1.6 mm) following anterior tightening, while
the remaining four specimens subluxed posteriorly (maxi-
mum translation, 0.4 to 1.5 mm). Because of this variability,
there were no significant differences (p = 0.22) in anterior-
posterior translation across test configurations (Fig. 3-A). In
the superior-inferior direction, tightened shoulders demon-
strated consistent and significant (p = 0.05) inferior humeral
translations at 10° compared with control shoulders and shoul-
ders treated with the anterior-inferior capsular shift procedure
(Fig. 3-B). An initial inferior subluxation of 1.3 ± 1.5 mm was
found at 10° following anterior tightening, whereas at >10° of
elevation the kinematic patterns did not differ significantly
from those of the control and anterior-inferior capsular shift
configurations.

Internal and External Rotation

In internal rotation, no significant differences (p > 0.2) in
medal-lateral, superior-inferior, anterior-posterior, or total hu-
meral head translation were detected among test configura-
tions. In external rotation, relative anterior (p = 0.13) humeral
head migration was observed when control specimens were
compared with the specimens treated with the anterior-inferior

T

Fig. 4

Line graph comparing anterior-posterior translation of the humeral head for the normal joint (NA) 

and following an anterior-inferior capsular shift (AICS) procedure. ER = external rotation, NR = 

neutral rotation, and IR = internal rotation. The kinematic reference point is the center of curva-

ture of the humeral head at 90° (in neutral rotation) in the normal joint configuration. The data 

shown are the averaged values from six shoulders. The error bars represent standard deviations.
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Fig. 5-A

Figs. 5-A, 5-B, and 5-C Line graphs showing the resultant joint forces associated with the three 

test configurations. The data shown are the averaged values from six shoulders. The error bars 

represent standard deviations. Figs. 5-A and 5-B Line graphs showing the medial-lateral (Fig. 5-

A) and superior-inferior (Fig. 5-B) components of the resultant joint force in neutral rotation.

Fig. 5-B
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capsular shift procedure (Fig. 4). The magnitude of the total
(resultant) joint excursion was significantly greater for control
specimens (average across all elevations, 1.8 ± 1.1 compared
with 1.4 ± 0.6; p = 0.04). When each test configuration was con-
sidered individually, progressive internal rotation led to poste-
rior humeral translations for controls (p < 0.001), anteriorly
tightened specimens (p = 0.14), and specimens treated with an
anterior-inferior capsular shift (p = 0.0004).

Joint Contact
In all test configurations, alterations in joint contact were con-
sistent with the kinematic findings. During arm abduction in
external rotation, the location of glenoid contact tended to be
more anterior in comparison with that in neutral rotation,
whereas in internal rotation contact areas were reduced and
the location of contact was confined to the posterior aspect of
the glenoid articular surface. The articular contact patterns as-
sociated with the control configuration mirrored those associ-
ated with the anterior-inferior capsular shift configuration.
However, following anterior capsular tightening, specimens
that subluxed posteriorly exhibited focused posterior glenoid
contact with a concomitant reduction in contact area relative
to the other two test configurations.

Resultant Joint Forces
Total Resultant Forces

During elevation in neutral rotation, the resultant joint-force

magnitude FR increased significantly (p < 0.001) throughout the
initial 90° of elevation, reaching peak values at 150° for both the
control configuration (201 ± 21 N, or 30% of body weight) and
the anterior-inferior capsular shift configuration (200 ± 11 N)
and at 120° for the anterior tightening configuration (223 ± 28
N). No significant differences were observed when the total re-
sultant forces associated with the control configuration were
compared with those associated with the surgical simulation
configurations (p > 0.4). Within each test configuration, there
were no significant differences in joint-force magnitude that
were attributable to humeral rotation (p > 0.3).

Medial-Lateral Forces

The medially directed (i.e., compressive) component of the re-
sultant joint force accounted for a minimum of 73% of the
magnitude FR during elevation for all humeral rotations and
thus closely resembled the results of the total resultant force
(Fig. 5-A). No significant differences in the compressive joint
force were detected in association with the statistical factors of
humeral rotation or test configuration (p > 0.05).

Superior-Inferior Forces

The superior-inferior shear force peaked at 60° of elevation for
each humeral rotation in all test configurations (Fig. 5-B). No
significant differences were detected in association with the
statistical factors of humeral rotation or test configuration
(p > 0.6). In neutral rotation, the superior shear force at 10°

Fig. 5-C

Line graph showing the anterior-posterior component of the resultant force in external rotation 

(ER), neutral rotation (NR), and internal rotation (IR). NA = normal joint, AT = anterior tightening, 

and AICS = anterior-inferior capsular shift.
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was smaller in association with the anterior tightening config-
uration (Fig. 5-B), which was consistent with the observed in-
ferior humeral head subluxation.

Anterior-Posterior Forces

The anterior-posterior shear forces represented the smallest of
the three resultant joint-force components. In all configura-
tions, progressive internal rotation from external rotation di-
rected the shear force more posteriorly (p < 0.01). The test
configuration significantly influenced the anterior-posterior
joint forces in neutral rotation (p = 0.017), but significant dif-
ferences were not found in either external (p = 0.65) or internal
rotation (p = 0.38). Throughout the range of elevation in neu-
tral rotation, the posteriorly directed forces associated with the
anterior tightening configuration were significantly greater than
those associated with the anterior-inferior capsular shift config-
uration (p = 0.0007), and, at 120° of elevation, the posteriorly
directed forces associated with the anterior tightening configu-
ration were significantly greater than those associated with the
control configuration (p = 0.04) (Fig. 5-C).

Maximum Elevation
The maximum active arm elevation was achieved in association
with the control configuration, followed closely by the anterior-
inferior capsular shift configuration. Control joints and joints
treated with a capsular shift exhibited similar mean maximum
elevations (167° ± 8° compared with 159° ± 11°, p = 0.8),
whereas anteriorly tightened joints demonstrated a significant
loss of maximum elevation (135° ± 16°, p = 0.002). Among
controls, the maximum active elevation was similar (p = 0.37)
in external and neutral rotation (167° ± 8° compared with
152° ± 8°). Following the anterior-inferior capsular shift, shoul-
ders tended toward greater elevation (p = 0.1) in neutral rota-
tion (159° ± 11°) rather than in external rotation (140° ± 13°).

Discussion
lenohumeral instability can result from stretching of the
joint capsule beyond its normal physiologic range as a re-

sult of a traumatic dislocation or cumulative repetitive stress20,21.
Surgical correction of such instability is aimed at eliminating
capsular redundancy on the side corresponding to the direction
of the instability8,20. Procedures for the treatment of anterior gle-
nohumeral instability, such as the Putti-Platt procedure, pre-
vent recurrent dislocations at the expense of joint mobility.
Abundant clinical evidence suggests that over-restrictive ante-
rior instability repairs lead to posterior glenoid osteoarthritis1,5,6.

The results of the present study have expanded on the
findings of Kelkar13 by comparing unidirectional anterior
tightening of the joint capsule with an anterior-inferior capsu-
lar shift as well as by investigating the resultant forces acting at
the glenohumeral joint. In the study by Kelkar, anterior tight-
ening did not impair maximum elevation but it did produce
marked posterior humeral translation with a corresponding
posterior migration of glenoid contact. These effects tended to
be more pronounced in glenohumeral joints with greater ar-
ticular curvature mismatch. In the present investigation, hu-

meral rotation significantly (p < 0.05) altered anterior-posterior
joint kinematics and resultant forces within each test configu-
ration. Posterior humeral translations accompanied progres-
sive internal rotation in the control (p < 0.001), anterior
tightening (p = 0.14), and anterior-inferior capsular shift (p =
0.0004) configurations. A similar trend (Fig. 5-C) was ob-
served between humeral rotation and anterior-posterior joint
loading (p < 0.01).

Compared with the control configuration and the anterior-
inferior capsular shift configuration, anterior tightening pro-
duced more posteriorly directed joint forces at 120° of arm ele-
vation, verifying our first hypothesis. The anterior tightening
procedure significantly restricted maximum active elevation
(p = 0.002), and shoulders undergoing this procedure could not
achieve external rotation beyond neutral. On the average, ante-
rior tightening produced significant inferior humeral head sub-
luxation in adduction (1.3 ± 1.5 mm, p = 0.05) (Fig. 3-B).
Furthermore, in four of the six shoulders, contact migrated to
the posterior aspect of the glenoid during elevation; this experi-
mental finding is in agreement with the posterior glenoid wear
reported in patients with tight instability repairs6.

In contrast to unidirectional tightening, the anterior-
inferior capsular shift configuration was associated with similar
biomechanical results compared with the control configuration,
verifying the second hypothesis of this study. The control joints
achieved maximum elevation (167° ± 8°) in external rotation,
while those treated with a capsular shift achieved maximum ele-
vation (159° ± 11°) in neutral rotation. It is speculated that
these findings may be attributable to slight alterations in the
distribution of tensile forces across the capsuloligamentous re-
gions following the anterior-inferior capsular shift procedure.
Kinematic comparisons revealed smaller excursions of the cen-
ter of curvature of the humeral head during elevation in joints
treated with the capsular shift as compared with controls (p =
0.04) (Fig. 4). Hence, greater joint stability was achieved follow-
ing anatomical repair of the capsule. Furthermore, the anterior-
inferior capsular shift produced similar articular contact patterns
when compared with the control configuration. In contrast to
anterior tightening, the capsular shift did not restrict external
rotation, and therefore the resultant joint loads were not con-
fined to the posterior aspect of the glenohumeral joint.

Contrary to our hypothesis, we observed no significant
differences among the three testing modes with regard to ante-
rior-posterior humeral translation during elevation in neutral
rotation (Fig. 3-A). We speculate that this finding is largely at-
tributable to the two specimens with the largest articular incon-
gruence (as indicated by radius of curvature mismatches of 1.6
and 1.2 mm), which surprisingly subluxed anteriorly and inferi-
orly at the lower elevations following anterior tightening. In the
four remaining anteriorly tightened shoulders, posterior hu-
meral translations ranged from 0.4 to 1.5 mm, leading to poste-
rior shifts in glenohumeral contact areas. The abnormal and
unexpected anteroinferior subluxations may have resulted from
the combined effects of joint incongruence and overtightening
of the capsule. Indeed, larger humeral translations have been
observed in joints with reduced congruence relative to more

G
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conforming articulations15,22. Our results also are consistent with
those of previous studies that have demonstrated alteration of
multidirectional humeral head translations following selective
cutting or tightening of capsular regions23-25.

The limitations of the present investigation include the
fact that only six cadaveric shoulder specimens were examined.
We tested anatomically normal shoulders that demonstrated no
evidence of pathologic instability, and we modeled normal gle-
nohumeral and scapulothoracic motion in the scapular plane
for all test configurations. Certainly, a similar set of tests could
be performed in the future with use of a capsular injury model
including pathologic glenohumeral and scapulothoracic mo-
tion. Our kinematic findings are consistent with those of other
laboratory investigations that have demonstrated reductions in
joint translations following capsular shifts performed on joints
in their original anatomical condition10-12. In comparison with
the remaining two configurations, the larger posterior and ante-
rior translations observed in the controls in internal and exter-
nal rotation, respectively, were likely due to the greater capsular
laxity of the untreated joints. The latter results reveal that, even
in unaltered joints, the anterior-inferior capsular shift proce-
dure can increase joint stability with minimal restriction of ele-
vation and external rotation.

In summary, the results of the present study of cadaveric
glenohumeral joints that had no evidence of preexisting capsu-
lar pathology indicate that our experimental model of unidirec-
tional anterior tightening created greater posterior joint loads
and abnormal posterior-inferior humeral head subluxation
compared with the control configuration. In addition, as anteri-
orly tightened joints have restricted external rotation, it may be
assumed that, in the clinical setting, they are more likely to be
used in internal rotation, which, on the basis of the present
study, may result in more posteriorly directed joint forces and
posterior displacement of the humeral head. The anterior-
inferior capsular shift significantly decreased the humeral head

translations observed in controls, with no significant restric-
tion of humeral rotation and elevation. Clinically, the success of
the anterior-inferior capsular shift is probably due to its ability
to reproduce normal joint mechanics. Although no cadaveric
study can model postoperative in vivo healing or clinical out-
comes, our experimental results provide biomechanical evi-
dence that supports the capability of the anterior-inferior
capsular shift to reproduce the mechanics of the native joint rel-
ative to that of unidirectional anterior tightening. �
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Healing of a Critical-Sized 
Defect in the Rat Femur with Use 
of a Vascularized Periosteal Flap, 

a Biodegradable Matrix, and 
Bone Morphogenetic Protein

BY E. VÖGELIN, MD, N.F. JONES, MD, J.I. HUANG, MD, J.H. BREKKE, DDS, AND J.R. LIEBERMAN, MD

Investigation performed at the Department of Orthopaedic Surgery and Division of Plastic and Reconstructive Surgery, 
University of California at Los Angles, Los Angeles, California

Background: The purpose of this study was to evaluate the osseous healing of a critical-sized femoral defect in a rat
model with use of recombinant human bone morphogenetic protein-2 (rhBMP-2), a matrix fabricated of D,D-L,L-polylactic
and hyaluronan acid (OPLA-HY), and a vascularized periosteal flap.

Methods: The carrier matrix OPLA-HY with or without rhBMP-2 was implanted in a 1-cm-long femoral defect and secured
with a plate and screws. In some groups, a vascularized periosteal flap was harvested from the medial surface of the
tibia. In group 1, the femoral defects in the animals were filled with the OPLA-HY matrix alone; in group 2, the OPLA-HY
matrix was covered by the vascularized periosteal flap; in group 3, 20 µg of rhBMP-2 was added to the OPLA-HY matrix;
and in group 4, the femoral defect containing the OPLA-HY matrix and 20 µg of rhBMP-2 was wrapped circumferentially
by the vascularized periosteal flap. The presence and density of new bone formation in the femoral defect were evalu-
ated radiographically, histologically, and with histomorphometry at four and eight weeks postoperatively.

Results: Groups 1 and 2, which were not treated with rhBMP-2, showed no radiographic or histologic evidence of
mature bone formation at four or eight weeks. Both groups 3 and 4, which were treated with rhBMP-2, demonstrated
excellent bone formation. However, with the periosteal flap, group 4 demonstrated more bone formation on histomor-
phometric analysis at eight weeks (43.1%) than did group 3 (28.3%) (p < 0.01). Additionally, heterotopic bone formed
outside the boundaries of the defect in eight of the fifteen animals in group 3, which had no periosteal flap.

Conclusions: Bone-tissue engineering with use of the OPLA-HY matrix and rhBMP-2 produced good bone formation in
the rat femoral defect model. However, the addition of a vascularized periosteal flap significantly increased bone for-
mation within the boundaries of the defect and prevented heterotopic ossification.

Clinical Relevance: This tissue-engineering technique may provide another option for reconstruction of segmental
bone defects and chronic nonunions, especially those associated with a defective wound environment, as an alterna-
tive to conventional bone-grafting techniques.

nowledge of the molecular biology of osteoinductive
morphogens such as recombinant bone morphoge-
netic proteins has increased exponentially in the past

few years. However, little attention has been given to the fac-
tors and surgical techniques that might be important when
implanting such proteins in problematic clinical situations,
such as nonunions and large segmental bone defects. With use
of bone-graft-substitute devices charged with high concentra-
tions of osteoinductive proteins, the healing of small defects
has been achieved experimentally and clinically in orthopaedic,

maxillofacial, and dental surgery1,2. Osseous defects created in
animal models do not realistically simulate the complex bone
and soft-tissue defects seen in humans.

In our previous study, a vascularized bone graft was pre-
fabricated in a heterotopic site in a rat model, and four fac-
tors—blood supply, osteoprogenitor cells in a periosteal flap,
a biocompatible matrix, and recombinant human bone mor-
phogenetic protein-2 (rhBMP-2)—were found to be the opti-
mal combination for increased bone formation3.

The purpose of the present study was to analyze the

K
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factors required for optimal osseous healing in an orthotopic
femoral segmental defect model. Bone formation was in-
duced by adding rhBMP-2 to a matrix composed of D,D-L,L-
polylactic and hyaluronic acid (OPLA-HY). Special attention
was directed to the osteogenic influence of a vascularized pe-
riosteal flap applied circumferentially around the matrix
compared with the matrix containing rhBMP-2 enclosed
only by the local muscles surrounding the osseous defect.

Materials and Methods
femoral defect was created in the hind limb of fifty male
Lewis rats that were three months old and weighed an aver-

age (and standard deviation) of 345 ± 10.4 g. A periosteal flap
was dissected in the ipsilateral hind limb in twenty-five of them.
The animals were anesthetized with intraperitoneal pentobar-
bital (50 mg/kg), and penicillin G (20,000 U/kg) was adminis-
tered subcutaneously before surgery to minimize the risk of
infection. A transverse skin incision was made over the posterior
aspect of the thigh. The muscles and at least 2 cm of the femoral
periosteum were elevated circumferentially from the femoral di-
aphysis, and a six-hole 1.5-mm plate (AO/ASIF Synthes, Paoli,
Pennsylvania) was fixed to the posterior cortex with two screws
on each side of the site at which a 1-cm-long mid-diaphyseal seg-
mental defect was to be made. The plate and screws were re-
moved and a 1-cm-long defect was then created with use of a saw
and chisel, and the plate and screws were then reapplied.

A second longitudinal skin incision was made over the
anterior aspect of the thigh and lower leg. After identification
of the saphenous neurovascular pedicle, a periosteal flap was
elevated from the medial surface of the tibia, carefully incor-
porating the saphenous artery and vein. The flap measured 3
cm long and 1 cm wide and consisted of three layers—perios-
teum (2 to 3 cm long by 0.5 cm wide), muscle, and fascia—
and was transferred on its vascular pedicle between the thigh
muscles to the femoral defect posteriorly.

The carrier OPLA-HY (Kensey Nash, Duluth, Minne-
sota) has been described previously4,5 and was prefabricated as
a cylinder (10 mm in length by 3.7 mm in diameter) and posi-
tioned into the defect. Previous studies with recombinant hu-
man BMP-2 (Genetics Institute, Cambridge, Massachusetts)
have shown that 20 µg/100 µL was the optimum dose for bone
formation in femoral defects in rats3,5. The implants were
infused with 20 µg of rhBMP-2 in 20 µL of buffer solution di-
luted with 80 µL of phosphate-buffered saline solution to pro-

duce a concentration of rhBMP-2 of 20 µg/100 µL. Control
devices contained 100 µL of phosphate-buffered saline solu-
tion alone. The carrier matrices were infused with the appro-
priate solution immediately before placement into the femoral
defect. The total volume of solution injected into each device
(100 µL) was equal to the fluid capacity of the implant. After
loading and placing the OPLA-HY carrier into the femoral de-
fect, the vascularized periosteal flap was wrapped circumfer-
entially around the defect including the central 1-cm segment
of the plate, with the periosteal layer facing inside, the muscle
in between, and the fascia, including the vascular pedicle, fac-
ing externally. No native femoral periosteum remained over a
2-cm length of the femoral diaphysis, in the region of the
plated defect, or 5 mm proximal or distal to the defect.

The animals were divided into four groups. In group 1
(ten animals), the femoral defect received OPLA-HY carrier
alone. In group 2 (ten animals), the femoral defect contained
the OPLA-HY carrier but no rhBMP-2 and was wrapped with
a periosteal flap. In group 3 (fifteen animals), the OPLA-HY
carrier was infused with 20 µg of rhBMP-2 and placed into the
femoral defect but no periosteal flap was used. In group 4 (fif-
teen animals), the femoral defect was filled with the OPLA-HY
carrier containing 20 µg of rhBMP-2 and a periosteal flap was
wrapped circumferentially around the construct.

The presence and density of new bone formation in
the femoral defect were evaluated radiographically and his-
tologically at four and eight weeks postoperatively. These
time-points were based on the results of a previous study
demonstrating increasing bone formation in a vascularized
bone graft at a heterotopic site3 with use of the same experi-
mental model. Lateral radiographs were made to visualize the
defect area around the plate. At four weeks, five animals in all
four groups were killed. At eight weeks, five animals in groups
1 and 2 and ten animals in groups 3 and 4 were killed. The
femoral bones were removed, fixed in formalin, and embed-
ded in plastic after removal of the hardware. All histological
sections were cut in a plane parallel to the long axis of the fe-
mur, extending over the entire length of the defect. Three lon-
gitudinal 5-µm-thick sections through the center of each
femoral defect along the diaphysis were taken and stained with
the Goldner-Masson trichrome technique.

Histomorphometric measurements of the percentage
area were used to quantify calcified bone, osteoid, fatty mar-
row, mesenchymal tissue, foreign-body giant cells, and resid-

A

TABLE I Summary of Treatment Cohorts

Groups Treatment
No. of Rats 

Killed at 4 Weeks 
No. of Rats 

Killed at 8 Weeks
Bone formation 

at 4 and 8 Weeks 

1 OPLA-HY (matrix) 5 5 None

2 OPLA-HY and periosteal flap 5 5 None

3 OPLA-HY and rhBMP-2 5 10 Bone formation with irregularities 
and lower radiodensity

4 OPLA-HY, periosteal 
flap, and rhBMP-2

5 10 Regular, dense bone formation
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ual polylactic acid in groups 3 and 4. The total available area
of the reconstructed defect in each specimen was designated
as the area of interest, and the area of each tissue type (accord-
ing to its specific phenotype with use of Goldner-Masson
trichrome stain) was measured and expressed as a percentage
of the total area of interest. The area of interest included the
entire area of the reconstructed femoral defect including the
overlying newly formed cortex but excluding ectopic bone
formation. Images were acquired with a SPOT RT digital cam-
era (Diagnostic Instruments, Sterling Heights, Michigan) and
were measured with Image-Pro software (version 4.0; Media
Cybernetics, Silver Spring, Maryland).

Results
ll of the animals survived the surgery and the eight-week
period of observation. After an initial weight loss of 9.5%,

they gained 5% of the preoperative weight over the eight-week
postoperative period. Osseous healing could be demonstrated
in the defects of groups 3 and 4, which were treated with rh-
BMP-2 (Table I).

Radiographic Evaluation
No Bone Formation

There was no detectable bone formation over the eight-week
period in the groups without rhBMP-2, i.e., the femoral defect
containing the OPLA-HY carrier alone (group 1) or wrapped
with a periosteal flap (group 2) (Figs. 1-A and 1-B).

Bone Formation in Groups 3 and 4

Substantial bone formation occurred in the two groups with
rhBMP-2, i.e., the femoral defect containing OPLA-HY and 20 µg
of rhBMP-2 surrounded by the local muscles (group 3) orA

Fig. 2-A

Fig. 1-A

Fig. 1-A Radiograph of a group-1 specimen, made four weeks after treatment of the defect with the OPLA-HY device with no BMP and no periosteal 

flap, reveals no bone formation. Fig. 1-B Radiograph of a group-2 specimen, made eight weeks after treatment of the defect with the OPLA-HY de-

vice with a periosteal flap and no BMP, reveals no discernable osteogenesis within the defect.

Fig. 2-A Radiograph of a group-3 specimen, made eight weeks after treatment of the defect with the OPLA-HY device and rhBMP-2 with no periosteal 

flap, reveals good bone formation. Fig. 2-B Radiograph of a group-4 specimen, made eight weeks after treatment of the defect with the OPLA-HY de-

vice, rhBMP-2, and a periosteal flap, reveals good bone formation.

Fig. 1-B

Fig. 2-B
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wrapped with the periosteal flap (group 4), and both groups
showed an increase in radiodensity over time (Figs. 2-A and 2-B).

Ectopic Bone Formation

Eight of the fifteen animals treated with OPLA-HY and 20 µg
of rhBMP-2, but without the surrounding vascularized peri-

osteal flap, showed ectopic bone formation outside the femo-
ral defect. This “eggshelling” corresponded to mixed radiopaque
and radiolucent tissues induced outside the boundaries of the
defect at a distance from the implanted device (Fig. 3).

Histological Evaluation
Histological Analysis of Groups 1 and 2 (No Calcified Bone)

In group 1, in which the femoral defect contained only the
OPLA-HY carrier, richly vascularized fibrous connective tis-
sue was seen interspersed among remnants of OPLA-HY asso-
ciated with a moderate foreign-body giant-cell reaction.
Meager bone formation was observed within the osteogenic
periosteal flap in group 2, as evidenced by a few areas of in-
tramembranous ossification, including mesenchymal tissue,
osteoid, and woven bone (Fig. 4). The OPLA-HY carrier and
periosteal flap could not generate enough bone to produce os-
seous healing of the femoral defect, but this combination
demonstrated the osteoconductive properties of the OPLA-
HY matrix when intimately associated with the osteogenic po-
tential of the vascularized periosteal flap.

Histological Analysis of Groups 3 and 4 (Calcified Bone)

Complete healing of the femoral defect occurred in both
groups 3 and 4. However, group 4 had a definite increase in
bone formation compared with group 3 on the basis of the
histologic examination and histomorphometry. In group 3,
the femoral defect containing OPLA-HY and rhBMP-2 but no

Fig. 3

Radiograph of a group-3 specimen, made at eight weeks after treat-

ment of the defect with the OPLA-HY device and rhBMP-2 with no 

periosteal flap, shows a mixed, heterotopic, radiopaque, and radi-

olucent “eggshell” appearance.

Fig. 4

Photomicrograph of a group-2 specimen, made eight weeks after treatment with the OPLA-HY device with a periosteal flap 

and no BMP, shows a small amount of intramembranous ossification, indicating the osteoconductive potential of the OPLA-

HY device in combination with vascularized osteogenic tissue (undecalcified section embedded in plastic and stained with 

Goldner-Masson trichrome, ×40). CB = calcified bone, FM = fatty marrow, and MT = mesenchymal tissue. 
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periosteal flap showed intramembranous ossification, includ-
ing ossicles of woven and lamellar bone, fatty marrow, and a
well-formed neocortex. Remnant OPLA-HY was replaced by
bone and bone marrow over time. However, eight of the fif-
teen animals in this group produced ectopic bone outside the
boundaries of the defect (Fig. 5). Histological analysis demon-
strated mesenchymal fibrovascular connective tissue and ossi-
cles developing independently from the osteoinductive device
and host bone. The radiographic and histologic appearances
of this heterotopic bone are indistinguishable from those of
pathologic heterotopic ossifications such as are seen in trau-
matic myositis ossificans, which is often associated with ex-
cessive endogenous BMP expression6,7. This could possibly
be the result of a self-propagating inductive event generated
by the superphysiologic concentrations of rhBMP-2 within
the OPLA-HY device stimulating pluripotential host mesen-
chymal cells within the surrounding hematoma to produce
endogenous BMP.

In group 4, in which the femoral defect containing the
OPLA-HY carrier and rhBMP-2 was surrounded circumferen-
tially by the periosteal flap, both intramembranous and endo-
chondral ossification were induced. Osteoinduction through
intramembranous ossification was seen exclusively within
the boundaries of the OPLA-HY macrostructure. Endochon-
dral ossification was observed at the interface of the OPLA-HY
device and the host bone in both groups 3 and 4 as well as

heterotopically in tissues adjacent to host bone and tissues
surrounding the defect in group-3 animals. The osteogenic ca-
pacity of the periosteal flap appeared to be responsible for in-
ducing larger ossicles in the center of the defect and strips of
bone along the flap interface as quantified by histomorphom-
etry (Figs. 6-A and 6-B). In addition, since no specimen in
group 4 showed any evidence of ectopic bone formation out-
side the boundaries of the defect, it is likely that the periosteal
flap was responsible for concentrating and confining the os-
teoinductive activities of the matrix and rhBMP-2 within the
defect.

Histomorphometric Analysis
Histomorphometric analysis of specimens from groups 3 and
4 demonstrated an increase in calcified bone and osteoid for-
mation in the defect (the area of interest) over time (Fig. 7).
Both groups demonstrated a similar amount of calcified bone
formation (23.3% and 23.4%, respectively) at four weeks.
However, group-4 animals produced significantly more calci-
fied bone at eight weeks than did group-3 animals (p < 0.01).
The Mann-Whitney U test was used to compare the histologi-
cal degree of bone formation at eight weeks in groups 3 and 4,
which contained the OPLA-HY matrix and rhBMP-2 with and
without the periosteal flap. Significantly more bone formed in
group 4 (43.1%; 95% confidence interval, 37% to 49%),
which contained OPLA-HY, rhBMP-2, and the vascularized

Fig. 5

Photomicrograph of a specimen from group 3, made eight weeks after treatment of the defect with the OPLA-HY device and 

rhBMP-2 with no periosteal flap, shows an “eggshell” appearance that developed outside the boundaries of the host bone 

and OPLA-HY device. These mixed radiopaque and radiolucent areas (see Figs. 2-A and 3) consist of multiple, independent 

ossicles surrounded by loose fibrovascular tissue and condensing mesenchymal cells (undecalcified section embedded in 

plastic and stained with Goldner-Masson trichrome, ×40).
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Fig. 6-B

Fig. 6-A

Photomicrograph of a specimen from group 3, made eight weeks after treatment of the defect with OPLA-HY 

and rhBMP-2 with no periosteal flap, demonstrates osteoinduction proceeding by intramembranous ossifi-

cation (undecalcified section embedded in plastic and stained with Goldner-Masson trichrome, ×20).

Photomicrograph of a specimen from group 4, made eight weeks after treatment of the defect with the 

OPLA-HY device, rhBMP-2, and a periosteal flap, demonstrates consistently larger ossicles in the center 

and along the cortex without generating heterotopic ossification (undecalcified section embedded in 

plastic and stained with Goldner-Masson trichrome, ×20).
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periosteal flap, than in group 3 (28.3%; 95% confidence inter-
val, 24% to 32%), which contained OPLA-HY and rhBMP-2
but without the periosteal flap (p < 0.01). The amount of os-
teoid seemed to increase slightly in both groups over time
while the amount of mesenchymal tissue remained almost
constant.

At eight weeks, foreign-body giant cells occupied 10%
(95% confidence interval, 8% to 11%) of the area of interest in
group 3 and 6% (95% confidence interval, 4% to 8%) of the
area of interest in group 4; the difference was significant (p <
0.01). Remnant polylactic acid at eight weeks was 9% in group
3 and 7.6% in group 4. Fatty marrow seemed to slightly in-
crease over time in both groups, remaining constantly lower in
group 4 (15.7%) than in group 3 (23%), possibly indicating
increasing replacement by osteoid and calcified bone in group
4, which had the periosteal flap.

Discussion
hat is the relevance of this experimental study to the
practicing orthopaedic surgeon dealing with fracture-

healing and the reconstruction of osseous defects? While some
BMPs may be used clinically in the future to augment the
healing of fractures, it is unlikely that the simple application of
BMPs alone will be sufficient to heal a segmental bone defect
after trauma and débridement or after resection of bone tu-
mors or will be sufficient to promote the healing of a nonunion
or a fracture in a hostile soft-tissue environment compromised
by radiation or infection. This study and others have shown

that use of a structural matrix and BMP promotes bone forma-
tion and healing of critical-sized segmental bone defects in ani-
mal models. In the present study, however, circumferential
wrapping of the defect with a vascularized periosteal flap sig-
nificantly enhanced bone formation at eight weeks.

This study confirms our previous results, which showed
that use of a vascularized periosteal flap enhances heterotopic
bone formation compared with use of vascularized tissues
without periosteum or nonvascularized tissues3. In our previ-
ous study, heterotopic bone formation was analyzed with use of
a vascularized periosteal flap containing 20 µg of rhBMP-2 in
combination with various structural matrices. If the periosteal
flap was turned inside out, so that the fascia and musculature of
the flap lined the defect, only a little bone was formed and bone
formation did not increase over time, even if the flap contained
a structural matrix and rhBMP-2, demonstrating that a vascu-
larized periosteal flap has more osteogenic potential than the
retained native periosteum, muscle within the flap, or local
muscle surrounding the defect. A vascularized periosteal
flap provides an increased blood supply to the area of osseous
healing and also provides a source of osteoprogenitor cells. The
periosteal flap also concentrates and confines the BMP within
the osseous defect and prevents ectopic bone formation.

Furthermore, this study demonstrates that the two bio-
chemical properties of BMP, the capacity to initiate osteoinduc-
tion and to stimulate osteogenesis8, can both be enhanced if the
structural matrix used to deliver the BMP is implanted in inti-
mate contact with a vascularized periosteal flap. The use of a

W

Fig. 7

Histomorphometric comparison of the percentage area of osteoid, mesenchymal, and calcified 

bone tissues at four and eight weeks after implantation of OPLA-HY matrix containing rhBMP-2 in 

group 3 (no flap) and group 4 (with periosteal flap). The area of calcified bone is larger in the 

femoral defect surrounded by the periosteal flap (43.1%) than in the femoral defect covered only 

by the surrounding local muscles (28.3%). SEM = standard error of the mean.
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vascularized periosteal flap, including osteoprogenitor cells,
vascular pericytes, and mesenchymal cells, may be advanta-
geous for bone-healing in irradiated or scarred wounds. Khouri
et al. demonstrated that irradiated skull defects in rats treated
with BMP-3 and covered with a muscle flap healed completely
by eight months compared with unhealed controls9. Depending
on the particular structural matrix (demineralized bone ma-
trix), bone formation has been demonstrated with use of BMP
and muscle flaps without any periosteum. However, our studies
seem to suggest that bone formation is enhanced with use of a
vascularized periosteal flap compared with the local muscles
surrounding an osseous defect or the specific muscle included
in a periosteal flap. One possible explanation is that too little
muscle may have been included with the flap harvested without
periosteum in our heterotopic site model3. Hertel et al. recon-
structed 7-cm-long defects of sheep tibiae with autogenous
cancellous bone graft covered either by a vascularized peri-
osteal flap or a vascularized muscle flap10. In that orthotopic
and stress-loaded defect model, animals treated with vascular-
ized periosteal flaps generated a superior quantity and quality of
newly formed bone compared with animals treated with vascu-
larized muscle flaps, a result that would correlate with those in
our studies. The potential of vascularized periosteum to prefab-
ricate bone at heterotopic sites has been shown in several
studies3,11,12, but mechanical loading seems to be an important
factor to achieve adequate bone quality13.

There have been several reports of the clinical use of
vascularized periosteal flaps. Sakai et al. used a free cortico-
periosteal flap from the supracondylar area of the femur vas-
cularized by the articular branch of the descending genicular
vessels to successfully treat six fracture nonunions in the up-
per extremity14. Other potential donor sites for free vascularized
periosteal grafts correspond to the sites of free vascularized
bone grafts and include the iliac crest, fibula, scapula, distal
third of the humerus, distal part of the radius, ulna, and sec-
ond metacarpal as well as the frontal and temporoparietal
bone15-19. Vascularized periosteum also seems to provide a bet-
ter environment for bone-healing in difficult conditions, such
as complex nonunions, and for augmenting bone allograft
incorporation14,20.

The cambium layer of the periosteum contains osteo-
progenitor cells genetically committed to the osteoblast phe-
notype. We speculate that these cells respond to the osteogenic
signals of BMP but do not recognize the osteoinductive signals
generated by BMP. Conversely, the capillary bed of the vascu-
larized periosteal flap is a rich source of vascular pericytes,
which are pluripotential cells capable of responding to the os-
teoinductive signals of BMP21-24. Therefore, a vascularized peri-
osteal flap containing a confined depot of rhBMP-2 at a
superphysiologic concentration creates an optimal environ-
ment for BMP to simultaneously express its osteoinductive as
well as its osteogenic properties.

The ideal structural matrix remains unknown. Polylactic
acid and polylactic-glycolic acid copolymers have been em-
ployed to deliver BMPs in several orthopaedic25-28 and maxillo-
facial29-31 defect models as well as in dental applications32. It has

been assumed that BMPs work by recapitulating the embryonic
sequence of bone formation by endochondral ossification33.
However, evidence is accumulating to suggest that BMPs are
also capable of inducing bone formation directly by intra-
membranous ossification34-36. Our study supports this mechanism
in that bone formation occurred mainly by intramembranous
ossification within the OPLA-HY-rhBMP-2 constructs in groups
3 and 4. However, areas of endochondral ossification could
also be seen in some animals. In some group-3 specimens that
had heterotopic ossification, new bone formation by endoch-
ondral ossification could be observed at the juncture of the
heterotopic tissues and host bone. In two animals in group 4,
seams of endochondral ossification were produced at the in-
terface of the matrix and host bone.

Little is known about bone induction by BMPs outside
the boundaries of a skeletal defect or about the properties of
an osteoinductive matrix that will concentrate the activity
of BMP within the boundaries of the matrix37. The half-life
of BMP released into interstitial fluid is very short (measured
in minutes), and it is unlikely that, if any BMP leached out
of the OPLA-HY device, enough of it would survive long
enough to reach a concentration sufficient to induce any
connective tissue. It is more conceivable that the superphy-
siologic concentrations of rhBMP-2 suspended within the
OPLA-HY interstices stimulate an upregulation of endoge-
nous BMP production by the pluripotential host mesenchy-
mal cells within the hematoma that forms adjacent to the
osteoconductive device in the femoral diaphysis. This would
explain the radiographic “eggshell” appearance of heterotopic
ossification in eight of the group-3 animals. Whereas this type
of bone formation may actually contribute to the healing of
diaphyseal defects, this process might potentially impair joint
function adjacent to metaphyseal defects. Therefore, an addi-
tional advantage of a vascularized periosteal flap, as demon-
strated in our group-4 animals, is biological containment and
concentration of the BMP within the osseous defect. 

In conclusion, this study demonstrates that a critical-
sized osseous defect heals with use of a polylactic acid and
hyaluronan matrix and BMP, but, on the basis of histomor-
phometric studies, bone formation is significantly increased
by wrapping the defect containing the matrix and BMP with a
vascularized periosteal flap. The periosteal flap appears not
only to increase bone formation within the boundaries of the
defect but also to prevent ectopic bone formation. This tissue-
engineering technique of filling the defect with a structural
matrix containing BMP and wrapping the construct circum-
ferentially with a vascularized periosteal flap may be another
option for the reconstruction of segmental bone defects or
chronic nonunions, especially those associated with problem-
atic wound environments compromised by infection, devas-
cularization, or irradiation. �
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The Effect of a Venous 
Filter on the Embolic Load 
During Medullary Canal 

Pressurization: A Canine Study
BY K. MOHANTY, MBBS, FRCS, FRCS(ORTH), J.N. POWELL, MD, FRCSC, D. MUSSO, MD, 

M. TRABOULSI, MD, FRCP(C), I. BELENKIE, MD, FRCP(C), J.B.M. MULLEN, MD, FRCP(C), AND J.V. TYBERG, MD, PHD

Investigation performed at Health Sciences Centre, Calgary, Alberta, Canada

Background: Acute intramedullary stabilization of femoral shaft fractures in multiply injured patients is controversial.
Intravasation of medullary fat during canal pressurization has been suspected to trigger adult respiratory distress
syndrome. The goal of the present study was to evaluate the effect, on the lungs, of a filter placed into the ipsilateral
common iliac vein during medullary canal pressurization in a canine model.

Methods: With use of an established model of fat embolization, twelve mongrel dogs were randomized into two
groups. In six dogs, a special filter was inserted percutaneously into the left common iliac vein while the dogs were un-
der general anesthesia. In all dogs, the left femur and tibia were then pressurized by injection of bone cement and
insertion of intramedullary rods. Hemodynamic measurements and echocardiographic images were recorded
throughout the experiment. After one hour, the animals were killed and the lungs were harvested for histomorpho-
metric analysis.

Results: Without the filter, the mean pulmonary artery pressure increased by 11.8 ± 2.1 mm Hg (p < 0.001). With
the filter, the mean pulmonary artery pressure increased by only 2.2 ± 0.8 mm Hg (p < 0.02). Without the filter,
there was a significant increase in the index of pulmonary vascular resistance as compared with the baseline value
(p < 0.05). With the filter, there was no such increase. Histomorphometric analysis demonstrated that the pres-
ence of the filter reduced the absolute area of embolization and the volume percentages of lung and pulmonary
vasculature embolized.

Conclusions: In this canine experiment, temporary placement of a venous filter prior to medullary canal pressuriza-
tion reduced the embolic load and minimized its hemodynamic effects.

Clinical Relevance: Temporary mechanical filtration of the intravasated marrow fat by means of a retrievable filter
might be used in multiply injured patients with femoral shaft fractures prior to stabilization with intramedullary nailing.
Minimizing the embolic load could reduce the risk of adult respiratory distress syndrome and other pulmonary compli-
cations in these patients.

rimary stabilization of long-bone fractures in multiply
injured patients has been shown to be beneficial. Pro-
spective studies have shown that acute stabilization of

long-bone fractures in such patients reduces mortality and
morbidity due to pulmonary complications such as pneumo-
nia and adult respiratory distress syndrome1-5. A combination
of blunt chest trauma along with fractures of the long bones,
particularly the femur, is common. Reamed intramedullary
nailing currently is the standard method for the treatment
of a femoral shaft fracture, with high union rates having been
reported6-8. However, since the early 1990s, several investi-

gators have highlighted the adverse effects of reaming in
the presence of chest trauma. In their retrospective study,
Pape et al.9 concluded that the rate of adult respiratory distress
syndrome was higher in multiply injured patients in whom
femoral fractures had been treated acutely with reamed in-
tramedullary nailing. Although the exact mechanism by which
intravasated marrow fat could cause pulmonary damage is
still debatable, mechanical blockade of the pulmonary vascu-
lature by the fat globules and chemical breakdown of the fat
and damage to the lung parenchyma are the two most widely
accepted theories10.

P
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Our objective was to determine whether temporary me-
chanical blockade of the marrow contents by means of the place-
ment of a filter in the ipsilateral common iliac vein could reduce
the embolic load to the lungs in a canine fat-embolization model.

Materials and Methods
he local Animal Care Committee approved the present
study. All dogs were treated in accordance with the regu-

lations of the Canadian Council on Animal Care. An estab-
lished mongrel-dog fat-embolization model was used11,12.

Twelve mongrel dogs with an average weight of 23.6 kg
(range, 20 to 27 kg) were used. General anesthesia was in-
duced with the intravenous administration of thiopental so-
dium (25 mg/kg) and was maintained with an infusion (100
mL/hr) of a solution of fentanyl citrate (25 mg/mL). Ventilation
was maintained with a 2:1 mixture of nitrous oxide and oxy-
gen with use of a constant-volume respirator (model 607;
Harvard Apparatus Company, Millis, Massachusetts). The
electrocardiogram was monitored from limb leads, and a
heating pad was used to maintain body temperature. Hydra-
tion was maintained with the infusion of normal saline solu-
tion (30 mL/kg/hr) through a peripheral line throughout the
experiment. The neck and the left hind limb were shaved.
Central vessels in the neck were cannulated for measurement
of left atrial, left ventricular, pulmonary arterial, and aortic
pressures. Left and right ventricular intracavitary pressures
were measured with use of 7F catheter-tipped pressure trans-
ducers with reference lumens (Millar Instruments, Houston,
Texas). Aortic pressure was measured with a fluid-filled trans-
ducer (Gould-Statham, Oxnard, California), and pulmonary
artery pressure was measured with use of a triple-lumen bal-
loon-tipped catheter.

Transesophageal echocardiography with a 5-MHz om-
niplane probe (HP SONOS 5500; Agilent Technologies, An-
dover, Massachusetts) was performed on each animal, and
continuous recordings were acquired for later analysis.

The pressure, flow, and electrocardiogram signal were
amplified (VR16; Electronics for Medicine/Honeywell, White
Plains, New York), passed through an anti-aliasing filter sys-
tem with a cutoff frequency of 100 Hz, and subsequently digi-
tized at 200 Hz (Cardiosoft; Sonometrics, London, Ontario,
Canada). Analysis was accomplished with use of CVworks
(Advanced Measurements, Calgary, Alberta, Canada).

Insertion of Filter
In six randomly chosen dogs, a Trap filter (Microvena Corpo-
ration, White Bear Lake, Minnesota) was percutaneously in-
serted into the left common iliac vein. This filter, which was
developed to prevent distal embolization after percutaneous
coronary intervention, was made of Nitinol with a pore size of
300 µm and was available in 5 and 6-mm-diameter sizes. With
use of sterile technique, a percutaneous venotomy was per-
formed and a Seldinger technique was used to insert the filter
under angiographic control. The position of the filter was
confirmed with on-table angiography and fluoroscopy. The
other six animals served as controls.

Surgical Procedure
With use of sterile technique, the same surgical team carried
out all surgical procedures. Lateral arthrotomy of the left knee
joint was performed, and the patella was medially dislocated.
The femoral canal was opened and reamed in a retrograde
fashion with use of handheld T reamers (Synthes, Missis-
sauga, Canada). Sequential reaming of the femoral canal was
performed up to a diameter of 0.8 mm. The tibial canal was
opened and reamed in an antegrade fashion with 5 and 6-mm
reamers.

Bone cement (Simplex B; Howmedica, Rutherford, New
Jersey) was prepared in the usual way and was injected, in a
liquid state, into both the femoral and tibial canals with use of
syringes. Cement within the medullary canal was pressurized
by inserting a 7-mm contoured Steinmann pin (Synthes) into
the femoral medullary canal and a 5-mm contoured Stein-
mann pin into the tibial medullary canal. Pressurization was
maintained until the cement was completely set.

Data Collection
Arterial blood-gas samples were collected preoperatively, after
the femur and the tibia had been reamed, and at one, five, fif-
teen, thirty, and sixty minutes after medullary canal pres-
surization in all animals. Blood-gas analysis was performed,
and pH, partial pressures of oxygen and carbon dioxide, and
oxygen saturation were recorded. Left atrial, right atrial, pul-
monary arterial, and aortic pressures were recorded preopera-
tively (to serve as baseline measurements) and at one, three,
five, ten, fifteen, and thirty minutes after medullary canal
pressurization. In the last two dogs in each group, cardiac out-
put was measured by means of thermodilution. Transesoph-
ageal echocardiographic data were recorded continuously on
videotape for later analysis.

Postmortem Examination
After sixty minutes of monitoring, all animals were killed with
an overdose of potassium chloride while under deep anes-
thesia. The heart and the lungs were removed en bloc and
the lungs were fixed in inflation, with 10% neutral buffered
formalin at a pressure of 25 cm of water, after ensuring that
the foramen ovale was closed. Following fixation for seventy-
two hours, the lungs were sectioned in the sagittal plane and
two random blocks measuring 2 × 2 × 0.5 cm were taken from
the midsagittal slice of each and were used for histomorpho-
metric analysis. The tibia and the femur were harvested with
the implants in situ. These specimens were examined for any
breach of the cortex and any loss of pressurization. All speci-
mens were evaluated with radiographs in two planes in order
to verify medullary canal pressurization and implant position.

Echocardiographic and Hemodynamic Analysis
All echocardiographic data were analyzed in a random se-
quence by an echocardiographer (I.B.) who was blinded with
respect to the presence or absence of the filter.

As an index of pulmonary vascular resistance, the differ-
ence between the mean pulmonary arterial pressure and the

T

http://www.ejbjs.org


1334

 TH E JO U R NA L OF BONE & JOINT SURGER Y ·  JBJS .ORG

VO LU M E 87-A ·  NU M B E R 6 ·  JU N E 2005
TH E EF F E C T OF A VENOUS FILTER ON T HE EMBOLIC LO AD 
DU R I N G ME DU L L A R Y CA N A L PRE SSUR I ZAT I ON: A CA N I N E STUDY

left ventricular end-diastolic pressure (as a surrogate for mean
left atrial pressure) was calculated.

Histomorphometric Analysis
The midsagittal samples from the lungs were postfixed in
Fleming’s solution (1% chromic acid, 2% osmium tetroxide,
and acetic acid at a ratio of 15:4:1) for seven days, washed in
running water for twenty-four hours, and then processed for
histological examination. For each animal, forty fields with a
total area of 26.4 mm2 were examined by an experienced pa-
thologist (J.B.M.M.) with use of an image-analysis system
(Leica Imaging Systems Ltd, Cambridge, England). The area
and the diameters were calculated for each embolus. Com-
parisons were made between the two groups with regard to
the number of emboli present, the area of the largest embo-
lus, and, according to the Delesse principle13, the volume per-
centages of lung area and pulmonary vasculature occupied
by emboli.

Statistical Methods
All data were reported as the mean and the standard error of the
mean. Significance for our index of pulmonary vascular resis-
tance was calculated with use of one-way repeated-measures
analysis of variance. The histomorphometric data were an-

alyzed with use of the Student t test. The level of significance
was set at p < 0.05.

Results
Hemodynamics

ntroduction of the filter almost completely prevented an
immediate increase in mean pulmonary artery pressure af-

ter pressurization, suggesting that embolization had been less
hemodynamically important in dogs that had received the
filter. Without the filter, mean pulmonary artery pressure
increased from 16.1 ± 1.8 to 26.5 ± 1.8 mm Hg three minutes
after pressurization (an increase of 11.8 ± 2.1 mm Hg; p <
0.001). With the filter, mean pulmonary artery pressure in-
creased from 13.2 ± 1.5 to 15.4 ± 1.7 mm Hg (an increase of
only 2.2 ± 0.8 mm Hg; p < 0.02) (Table I).

The best indication of hemodynamically important em-
bolization would have been to measure pulmonary vascular
resistance (calculated as mean pulmonary artery pressure mi-
nus mean left atrial pressure divided by cardiac output)14. Un-
fortunately, we measured cardiac output in only the last two
dogs of each group. Because there was no change in cardiac
output in those dogs, with or without the filter, we used the
difference between mean pulmonary artery pressure and left
ventricular end-diastolic pressure as an estimate of the change

I

TABLE I Change in Mean Pulmonary Artery Pressure Following Cementing and Pressurization

Time (min) 0 1 3

No filter (n = 6)

Mean pulmonary artery pressure (mm Hg) 16.1 ± 1.8 17.1 ± 1.7 26.5 ± 1.8*†

Change in mean pulmonary artery pressure (mm Hg) – 1.0 ± 0.7 11.8 ± 2.1*†

Filter (n = 6)

Mean pulmonary artery pressure (mm Hg) 13.2 ± 1.5 13.5 ± 1.2 15.4 ± 1.7*

Change in mean pulmonary artery pressure (mm Hg) – 0.3 ± 0.7 2.2 ± 0.8*

*p < 0.05 compared with value at zero minutes. †The three-minute measurement was not available for one dog, so n = 5.

Fig. 1

Illustrations showing the index of pulmonary vascular resistance (mean pulmonary artery pressure minus left ventricular end-

diastolic pressure) plotted against time after cementing and pressurization, without and with the filter. Six dogs were included in 

each group. An asterisk indicates a significant difference compared with the baseline value (p < 0.05).
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in pulmonary vascular resistance. Without the filter, there was
a clear, persistent increase in this difference; with the filter,
there was no such increase (Fig. 1).

Echocardiography
The echogenic response was graded according to the four cate-
gories described by Christie et al.15. All dogs in the filter group
demonstrated mild showering with scant, fine echogenic par-
ticles. No large embolic event was visualized in any of the dogs
in the filter group. In contrast, all animals in the control group
demonstrated a moderate-to-severe echogenic response with
intense showering of echogenic material, including large em-
bolic masses.

Histomorphometry
Although the difference in the number of emboli that were
recognized in the limited tissue submitted for histological
analysis was not significant, the presence of the filter reduced
the absolute area of embolization and the volume percentages
of lung and vasculature embolized (Fig. 2).

Discussion
he systemic effects of intramedullary stabilization of long
bones due to increased intramedullary pressure were first

observed by Kuntscher16, who described several cases of unex-
pected respiratory complications after routine fracture sur-
gery. Instrumentation of the femoral medullary canal has
been shown to cause intravasation of bone-marrow fat, and
blood samples taken from the cannulated femoral vein during
reaming have demonstrated marrow fat17. This intravasation
of medullary contents occurs as a result of increased intra-
medullary pressure18,19.

The exact mechanism of pulmonary damage by the
marrow fat is still debatable. Some authors have favored the
idea of breakdown of fat in the lungs and destruction of
the pulmonary endothelium by the toxic breakdown prod-
ucts of fat20. The other hypothesis is the mechanical clogging
of the pulmonary vasculature by fat, causing an increase in

the pulmonary vascular resistance. Although echocardio-
graphic studies15,21 have shown the presence of echogenic ma-
terial in the right side of the heart in a high percentage of
patients undergoing intramedullary nailing, the prevalence of
clinically recognized fat embolization is low (approximately
0.5% to 2%)22.

This discrepancy between the prevalence of clinically
recognized fat embolism syndrome/adult respiratory distress
syndrome and the prevalence of demonstrable pulmonary fat
embolism during experimental procedures as shown in hu-
man and animal studies16,23-25 has been attributed to the filtra-
tion function of the lungs26. Hence, intramedullary fixation of
a femoral shaft fracture, as an isolated injury, is an accepted
safe technique with a very low complication rate6.

In contrast to the treatment of an isolated femoral shaft
fracture, intramedullary nailing of such a fracture in the
presence of multiple trauma, particularly in a patient with a
concomitant chest injury, remains controversial. Pape et al.9

concluded, on the basis of a retrospective study, that patients
who had primary intramedullary nailing of a femoral shaft
fracture with concomitant chest injury had a higher preva-
lence of posttraumatic adult respiratory distress syndrome
and death compared with similar patients who had intramed-
ullary nailing of a femoral fracture more than twenty-four
hours after the injury. The same authors23 followed their initial
report with a prospective, nonrandomized clinical study in
which a group of patients who had undergone nailing with
reaming was compared with another group of patients who
had undergone nailing without reaming. In that study, poorer
pulmonary function was found in the group of patients who
had undergone nailing with reaming. Elmaraghy et al.11, in a
study involving a canine model of fat embolism similar to
ours, deduced that the combination of pulmonary contusion
and marrow embolization due to medullary canal pressuriza-
tion leads to greater pulmonary dysfunction compared with
either pulmonary contusion or fat embolism alone.

Other studies have demonstrated contrasting results. In
a large retrospective study, Bosse et al.22 found that the rate of

T

Fig. 2

Illustration showing the results of histomorphometric examination of the lungs. Introduction of the filter de-

creased the area of the largest embolus and the volume percentages of the lung and vasculature embolized. 

An asterisk indicates a significant difference compared with the baseline value (p < 0.05).
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adult respiratory distress syndrome in a group of multiply in-
jured patients who had a femoral fracture without a chest in-
jury was no different from that in a group of patients who had
a femoral fracture along with a chest injury. The femoral frac-
tures were treated with either a nail or a plate. The overall rate
of adult respiratory distress syndrome in that series of 453 pa-
tients who had a femoral fracture was only 2%. The authors
concluded that the use of intramedullary nailing with reaming
for the stabilization of femoral fractures in multiply injured
patients did not appear to increase the rate of adult respiratory
distress syndrome. Bone et al.27 compared three groups of
multiply injured patients. The patients in group 1 had femoral
fractures that were stabilized with reamed nailing; the patients
in group 2 had femoral fractures that were treated with plate
osteosynthesis; and the patients in group 3 had no femoral
fractures. Surprisingly, the authors found the rate of adult res-
piratory distress syndrome to be 0% (zero of twenty-four) in
group 1, 33% (six of eighteen) in group 2, and 27% (fifteen of
fifty-five) in group 3. They concluded that the rate of adult
respiratory distress syndrome in their series correlated with
the severity of the chest injury rather than with the method of
femoral fracture stabilization. Various other authors28,29 also
have not been able to demonstrate a deleterious effect of
reamed nailing on pulmonary function. The Canadian Ortho-
paedic Trauma Society30, in a report on the results of a large
prospective, randomized, multicenter study, found no signifi-
cant difference between two groups of patients managed with
either reamed or unreamed nailing. They also found that the
rate of adult respiratory distress syndrome was too low to de-
tect a significant difference between the groups.

Although the overall rate of adult respiratory distress
syndrome and pulmonary morbidity following intramedullary
nailing is low, recent authors have hypothesized the phenome-
non of a so-called second hit at the molecular level following
intramedullary nailing31,32. Giannoudis et al.33 found increased
levels of proinflammatory markers (i.e., interleukin-6 [IL-6]
and elastase) during reamed intramedullary nailing in multiply
injured patients. These observations suggest that reaming and
pressurization of the femoral medullary canal causes a second
hit to a lung already compromised because of chest injury. It
has been hypothesized that injured lungs are unable to effec-
tively filter the embolic load and may become susceptible to a
triggering of an already primed inflammatory state32.

Because of the risks of intramedullary nailing in multiply
injured patients, investigators such as Scalea et al.34 and Pape et
al.35 have advocated what they have termed “damage-control or-
thopaedics.” Those investigators used temporizing measures
such as external fixation to provide primary stabilization of the
skeleton in multiply injured patients, followed by secondary
conversion to intramedullary nailing after the patient’s general
condition had been stabilized. Pape et al.35 reported a significant

reduction in the rate of general complications when a group of
patients who had been managed with a “damage-control” pro-
tocol were compared with a group of patients who had had
early total care of a femoral shaft fracture.

High rates of pulmonary embolization with increased
rates of complications and mortality after intramedullary sta-
bilization of pathological fractures also have been reported13,36.
Prophylactic insertion of a temporary filter in this high-risk
group prior to reamed intramedullary nailing may be benefi-
cial and currently is under investigation.

The present experiment demonstrated that proximal
venous blockade with use of a filter reduced the size and the
quantity of the embolic load on the lungs. The filter used for
the present study was not custom-made for the experiment
and, hence, did not fit optimally. Under angiographic guid-
ance, we had to place the filter in the “best fit” position in the
common iliac vein. Although the Trap filter that was used in
the present study is a retrievable system, there is no means to
remove the accumulated marrow debris. In our experiment,
the filters were retrieved post mortem and were found to be
clogged with marrow fat debris. If used in humans in its cur-
rent form, retrieving the filter could liberate the accumulated
marrow, with catastrophic effects. Hence, a retrievable filter
with a system to remove the accumulated marrow contents
should be developed before clinical trials are undertaken. �
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Background: Two main pathways of Fas-mediated apoptosis have been identified: the Type-I (death-inducing signaling
complex) pathway and the Type-II (mitochondrial) pathway. While apoptotic cell death has been implicated in lumbar
degenerative disc disease, we are not aware of any studies in which surgically removed discs from live humans have
been examined to determine which of the two pathways is involved in the apoptosis of disc cells. As an initial step in
the development of therapies to inhibit inappropriate or premature apoptosis of disc cells, our objective was to deter-
mine which pathway is involved.

Methods: We examined thirty-two samples of herniated lumbar disc tissue with use of immunohistochemical stain-
ing and Western blot analysis to determine the presence of several proteins, including caspase-8 (associated with
the Type-I pathway); BID (BH3 interacting domain death agonist), cytochrome-c, and caspase-9 (associated with the
Type-II pathway); and caspase-3 (an executioner of apoptosis). The TUNEL (terminal deoxynucleotidyl transferase
[TDT]-mediated dUTP nick end labeling) assay was performed to confirm the occurrence of apoptosis of the disc
cells.

Results: The proteins associated with the Type-II pathway (BID, cytochrome-c, and caspase-9) stained positively in all
samples. Although the protein associated with the Type-I pathway (caspase-8) was not detected on immunohistochemi-
cal analysis, a small amount of caspase-8 was detected on Western blot analysis. However, the expression of Type-II
proteins was still higher than the expression of caspase-8 on Western blot analysis. The expression of caspase-3 was
identified in all samples with immunohistochemical and Western blot analysis. TUNEL-positive disc cells were identified
in all samples.

Conclusions: The results of the present study suggest that human disc cells are Type-II cells, which undergo apop-
totic cell death through mitochondrial involvement.

Clinical Relevance: Future therapeutic modalities to inhibit inappropriate or premature apoptotic cell death in de-
generating discs should be directed to the mitochondrial pathway.

ne possible approach to modulating the process of
disc degeneration may involve the inhibition of
apoptosis, or programmed cell death. Apoptosis is

a tightly regulated form of cell death that permits the elimina-
tion of unwanted cells. However, inappropriate apoptosis may
contribute to a wide range of pathologic conditions, such as
cancer, cardiovascular diseases, and neurodegenerative diseases1-5.
Gruber and Hanley6 reported that apoptosis may be a major
factor in the reduction of the number of disc cells in the aging
and degenerating human disc. Park et al.7,8 previously dem-
onstrated that apoptosis occurs in herniated lumbar discs.
They found that a death receptor called Fas is expressed on
human disc cells and that there is a positive relationship be-
tween the degree of expression of Fas and disc degeneration.

This finding suggests that it may be possible to alter disc de-
generation by altering the degree of Fas expression.

The ultimate executioner of apoptotic cell death is a
group of proteins called caspases9,10. Caspases (cysteine-containing
aspartate-specific proteases) are enzymes that cleave proteins,
resulting in cell destruction. There are several caspases, and
they act either as inducers/initiators (caspases 2, 8, and 9) or
as executioners (caspases 3, 6, and 7). The inducer caspases
make it possible for the executioner caspases to cause apop-
totic cell death. Caspase-inhibiting drugs are being investi-
gated to determine if apoptotic cell death can be modulated.

There are two main pathways of Fas-mediated apop-
tosis11-17. In Type-I cells, activation of the Fas death receptor on
the cell membrane results in the binding of intracellular pro-
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teins, which, in combination with caspase-8, make up the death-
inducing signaling complex. This death-inducing signaling
complex activates large quantities of caspase-8. Caspase-8
cleaves and hence activates the proenzyme form of caspase-3,
an executioner caspase. Caspase-3 then performs its execu-
tioner role by destroying the cell’s cytoskeletal and reparative
proteins. The initiation of cell death occurs at the cell-
membrane level rather than at the mitochondrial level. Mito-
chondria are destroyed after the activation of caspase-3, and
therefore they are not thought to contribute to the initiation
phase of the apoptotic cascade.

In contrast, in Type-II cells it is thought that the mito-
chondria play a more central role. This mitochondrial pathway
is controlled by pro-apoptotic and anti-apoptotic mitochon-
drial membrane proteins. Unlike with Type-I cells, only a
small quantity of death-inducing signaling complex is formed
at the cell membrane, and it is insufficient to directly activate
caspase-3, the executioner. It is, however, sufficient to cleave
and activate an apoptosis-promoting protein called BID (BH3
interacting domain death agonist). BID induces apoptosis by
interfering with mitochondrial function by inhibiting Bcl-2,
a protein on the outer wall of mitochondria. Bcl-2 inhibits
apoptotic cell death, and its overexpression has been impli-
cated in tumors such as B-cell lymphomas. Blocking the ef-
fects of Bcl-2 results in increased mitochondrial membrane
permeability, allowing intramitochondrial proteins to escape
into the cytosol. Apoptosis is initiated by the extrusion of cy-
tochrome-c, an intramitochondrial protein that is essential for
mitochondrial survival. The extruded cytochrome-c activates
caspase-9, which in turn activates caspase-3, the executioner,
resulting in cell apoptosis.

If disc degeneration is caused at least partially by unnec-
essary apoptotic cell death, then knowledge of exactly how this
death occurs may ultimately provide insight into modulating
or preventing inappropriate cell death. A number of thera-
peutic modalities that interfere with apoptosis are being devel-
oped. In order to determine which of these modalities are
most appropriate for investigations regarding disc degenera-
tion, we must first determine which Fas-mediated apoptotic
signaling pathway (i.e., the death-inducing signaling complex
[Type-I] pathway or the mitochondrial [Type-II] pathway) is
involved in apoptosis of human disc cells. To our knowledge,
there have been no such studies on specimens from live humans.
The present investigation was therefore performed to deter-
mine which of the two apoptotic pathways is the predominant
pathway in herniated discs.

Materials and Methods
he protocol for the study was approved by the institu-
tional review board at our institution, and written in-

formed consent was obtained from each patient before the
initiation of the study. Thirty-two samples of herniated lum-
bar disc tissue were obtained from thirty-two patients who
had undergone posterior open discectomy for the treatment
of persistent radiculopathy. The patients included eighteen
men and fourteen women. The average age of the patients at

the time of surgery was 34.7 years (range, twenty-one to forty-
nine years), and the average duration of radiculopathy be-
tween the onset of symptoms and the time of the operation
was 6.4 weeks (range, one to nineteen weeks). Of the thirty-
two herniated lumbar disc tissues, nineteen were obtained
from the L4-L5 level, ten were obtained from the L5-S1 level,
and three were obtained from the L3-L4 level. Six were seques-
trated discs, eleven were transligamentous extruded discs, ten
were subligamentous extruded discs, and five were protruded
discs. According to the Thompson classification system18 (see
Appendix), the mean grade of disc degeneration of the thirty-
two herniated disc specimens was 4.01 ± 0.64 (range, 3 to 5)
on a scale of 1 to 5. Patients with concomitant spinal stenosis
or recurrent disc herniation were excluded from the study. We
carefully tried to keep the cartilaginous end plate or outer
anulus fibrosus tissues from being mixed with the surgically
obtained disc tissue. After removal, the samples were rinsed
immediately in physiologic saline solution and then were kept
in a freezer at –70°C until the time of analysis.

For immunohistochemical staining, the discs were fixed
in 10% neutral formalin and were embedded in paraffin. Five
continuous serial 4-µm-thick sections per specimen were cut
with use of a microtome, and the sections were examined to
determine the expressions of mitochondrial pathway-related
proteins (BID, cytochrome-c, and caspase-9), death-inducing
signaling complex-related protein (caspase-8), and the execu-
tioner caspase of apoptosis (caspase-3) with use of the avidin-
biotin-peroxidase complex method. Mouse monoclonal
antibodies to caspase-8 (NeoMarkers, Fremont, California)
(dilution, 1:50), caspase-9 (NeoMarkers) (dilution, 1:100), and
caspase-3 (NeoMarkers) (dilution, 1:25); goat polyclonal anti-
body to cytochrome-c (Santa Cruz Biotechnology, Santa Cruz,
California) (dilution, 1:100); and rabbit polyclonal antibody
to BID (Oncogene, La Jolla, California) (dilution, 1:1000)
were used according to manufacturers’ instructions. The spec-
imens were counterstained with hematoxylin. Before treatment
with the primary antibody, nonspecific binding was blocked
by treatment with 10% nonimmune normal rabbit serum
and the endogenous peroxidase was quenched by tissue incu-
bation in 3% hydrogen peroxide in 70% methanol-phosphate-
buffered saline solution at room temperature for ten minutes.
Samples of herniated lumbar disc tissue on which the second-
ary antibody was omitted were used as a negative control, and
human tonsil and breast carcinoma tissues were used as posi-
tive controls.

For Western blot analysis of caspase-8, BID, cytochrome-c,
caspase-9, and caspase-3, the discs were homogenized and
lysed in lysis buffer. The cell debris was removed by centrifu-
gation at 17,000 rotations per minute for twenty minutes at
4°C. In all of the analyses for each sample, 30 µg of protein
were loaded onto a 12% sodium dodecyl sulfate (SDS)-
polyacrylamide gel. The protein concentration of the lysed
disc tissues was determined with use of the bicinchoninic acid
(BCA) protein assay reagent kit (Bio-rad 500-0006; Pierce
Chemical Company, Rockford, Illinois). After electrophoresis,
the proteins were transferred to a polyvinylidene difluoride
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(PVDF) membrane (Millipore, St. Quentin, Yvelines, France)
for two hours at 150 V with use of a transfer buffer. After
blocking the nonspecific binding sites overnight with 5% non-
fat milk TPBS (PBS-Tween 20), the membranes were in-
cubated for two hours at room temperature with mouse
monoclonal antibody specific to caspase-8 (NeoMarkers), rab-
bit polyclonal antibody specific to BID (Santa Cruz Biotech-
nology), and mouse monoclonal antibody specific to b-actin
(Sigma, St. Louis, Missouri). Antibody labeling was identified
with use of goat anti-rabbit or anti-mouse horseradish peroxi-
dase (HRP)-conjugated secondary antibodies (Amersham Life
Sciences, Arlington Heights, Illinois), and the results were visu-
alized using enhanced chemiluminescence (ECL) (Amersham
Life Sciences).

For the TUNEL (terminal deoxynucleotidyl transferase
[TDT]-mediated dUTP nick end labeling) assay, the Apop-
Tag-peroxidase in situ apoptosis-detection kit (Chemicon
International, Temecula, California) was used. All procedures
were performed according to the manufacturer’s instruc-
tions. Briefly, the deparaffinized and rehydrated 4-µm-thick
sections were treated with proteinase K at room temperature
for fifteen minutes. The endogenous peroxidase was blocked
with 3% hydrogen peroxide for five minutes. The sections

were incubated with terminal deoxynucleotidyl transferase
(TDT) for one hour at 37°C and then were exposed to anti-
digoxigenin antibody conjugate with peroxidase. Coloring
was performed with diaminobenzidine (DAB).

Results
Immunohistochemical Analysis

he proteins associated with the Type-II (mitochondrial)
pathway of apoptosis (BID, cytochrome-c, and caspase-9)

and the final executioner of apoptosis (caspase-3) were de-
tected in all thirty-two human disc specimens. However, the
protein associated with the Type-I pathway (caspase-8) was
not identified in any of the specimens (see Appendix).

Western Blot Analysis
Amounts of the protein associated with the Type-I pathway
(caspase-8), the proteins associated with the Type-II pathway
(BID, cytochrome-c, caspase-9), and the final executioner of
apoptosis (caspase-3) were detected in all thirty-two samples
on Western blot analysis. The proteins associated with the
Type-II pathway (BID, cytochrome-c, and caspase-9) were
present in higher quantities than the protein associated with
the Type-I pathway (caspase-8) was (Fig. 1).

T

Fig. 1

Western blot analysis showing expressions of caspase-8 and BID in protruded (lane 1), subligamentous extruded (lane 2), transligamentous ex-

truded (lane 3), and sequestrated (lane 4) lumbar disc tissues. The degree of expression of BID is stronger than that of caspase-8. M = marker.
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TUNEL Assay
TUNEL-positive disc cells were identified in all thirty-two hu-
man disc specimens (see Appendix).

Discussion
n order to interpret the results of our experiment, one
must first understand the difference between the two path-

ways of cell apoptosis. With Type-I cells, Fas (“death recep-
tor”) activation on the cell membrane results in the binding
of proteins, including caspase-8, and the entire complex is
referred to as the death-inducing signaling complex. This
complex activates large quantities of caspase-8, which in turn
activates caspase-3, the cell executioner. Therefore, if this is
the predominant mode of disc cell apoptotic cell death, we
would expect to find high quantities of caspase-8 on both
immunohistochemical and Western blot analysis. The fact
that we did not find caspase-8 on immunohistochemical
analysis of any of the thirty-two disc specimens suggests that
in all specimens the Type-I pathway was not the mode of ap-
optotic cell death.

With Type-II (mitochondrial) pathway cells, only a
small quantity of death-inducing signaling complex (which
includes caspase-8) was formed at the cell membrane. This
minute quantity of caspase-8 was not detectable with use of
immunohistochemical analysis and was detectable only with
use of the more sensitive Western blot analysis. Nevertheless,
in the cytosol, this minute amount of caspase-8 is sufficient to
activate an apoptosis-promoting protein called BID (BH3
interacting domain death agonist). BID increases the perme-
ability of the mitochondrial membrane by antagonizing Bcl-2,
an apoptosis-inhibiting protein on the outer wall of mito-
chondria. The deactivation of Bcl-2 results in the loss of the
mitochondrial wall integrity and consequent egress of cyto-
chrome-c from the mitochondria. In the cytosol, cytochrome-
c activates caspase-9, which in turn activates caspase-3, the
executioner, resulting in cell apoptosis. Exactly as predicted by
this pathway, BID, cytochrome-c, caspase-9, and caspase-3
were detected in all thirty-two human disc specimens with use
of immunohistochemical analysis. Minute quantities of
caspase-8 and larger quantities of BID were detected with use
of Western blot analysis, also as predicted. Taken together, we
believe that these findings strongly suggest that disc cells are
Fas Type-II cells, meaning that Fas-mediated apoptosis of the
disc cells occurs through mitochondrial involvement.

Previous studies have suggested that excessive apoptosis
of disc cells is a potential cause of degenerative disc disease6-8.
Gruber et al.19 were among the first to seriously investigate the
role of apoptosis in disc degeneration. In a clever in vitro
experiment, they reduced the apoptotic rate of human inter-
vertebral disc cells with use of insulin-like growth factor 1
(IGF-1) and platelet-derived growth factor (PDGF), suggest-
ing a possible therapeutic modality with which to inhibit disc
degeneration. However, they did not investigate the exact apo-
ptotic pathway that might be modulated by IGF-1 and PDGF.
Rannou et al.20 examined the discs of eleven cadavera within
forty-eight hours after death. Immunohistochemical studies

of the disc specimens revealed cytochrome-c in the cytosol of
degenerated discs. The results of that study suggest that de-
generated disc cells, especially anular cells, undergo apoptotic
cell death through the Type-II (mitochondrial) pathway. One
criticism of that study is that the specimens were retrieved
from cadavera as long as forty-eight hours after death. In the
postmortem state, it is possible that the discs may have under-
gone a different type of cell death than that which normally
occurs in degenerated discs. In contrast, all of our specimens
were taken from live patients at the time of surgery and were
immediately preserved. We believe that our methodology al-
lows us to more conclusively state that degenerated discs, es-
pecially nucleus pulposus cells, undergo apoptotic cell death
by means of the Type-II (mitochondrial) pathway.

Our findings suggest that it may be possible to develop
therapeutic interventions that can modulate the apoptotic
cascade. The anti-apoptotic Bcl-2 proteins, Bcl-2 and Bcl-xL,
can inhibit the action of BID on mitochondria to prevent the
release of cytochrome-c from the mitochondria, thereby pre-
serving cell survival in Fas Type-II cells11,14,15. The critical role
that BID plays in Type-II cell apoptosis is supported by the
findings that BID-deficient mice are relatively resistant to the
lethal effect of anti-Fas antibody in vivo, and their hepatocytes
do not readily undergo Fas-mediated apoptosis12. We are
currently comparing the rate of disc degeneration in BID-
deficient mice with that in normal controls. In addition, we
are investigating the potential for inhibitors of caspases to play
a therapeutic role in slowing disc degeneration.

In conclusion, we found that apoptotic cell death in de-
generated disc cells occurs through the Type-II (mitochon-
drial) pathway. We believe that this finding is important
because of the therapeutic implications for the medical treat-
ment of disc degeneration made available by these findings.

Appendix
A table detailing the Thompson system for grading disc
degeneration and figures depicting the immunohis-

tochemical analysis and the TUNEL assay are available with
the electronic versions of this article, on our web site at
jbjs.org (go to the article citation and click on “Supplementary
Material”) and on our quarterly CD-ROM (call our subscrip-
tion department, at 781-449-9780, to order the CD-ROM). �
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steomyelitis, an infection of bone that can be acute,
subacute, or chronic with sporadic recurrence, can
result in prolonged and expensive treatment1,2. Treat-

ment strategies, which usually depend on the stage of the dis-
ease at the time of diagnosis, often include débridement of the
infected area, soft-tissue coverage, and subsequent long peri-
ods of antibiotic therapy. With the increasing development of
antibiotic-resistant bacteria, antibiotic therapy has become
even more problematic.

Recent research has greatly advanced our understanding
of the pathobiology of osteomyelitis. Studies by one of us
(W.K.R.) and colleagues demonstrated that live and dead Sta-
phylococcus aureus, the primary pathogen associated with os-
teomyelitis, can be internalized in vitro by osteoblasts isolated
from calvariae of sixteen-day-old chick embryos3,4. Bacteria
were identified both within vesicles and free in the osteoblast
cytoplasm. This demonstration that bacteria can be seques-
tered from the host immune system within the osteoblast cy-
toplasm has been a breakthrough in our understanding of
osteomyelitis as it provides an hypothesis to explain the recur-
rence of this condition.

To our knowledge, demonstration of internalization of
bacteria by osteoblasts in vivo has not been reported. The pur-
pose of the present study was to examine osteoblasts in surgi-
cal bone specimens from a patient who presented with
chronic osteomyelitis that had been recurrent over a period of
many years.

Before surgery, the patient was informed that data con-
cerning this case would be submitted for publication following
special morphologic analysis for the presence of intracellular
bacteria in bone cells.

Case Report
seventy-three-year-old man presented for evaluation of a
draining lesion, of three month’s duration, that was lo-

cated on the middle part of the lateral aspect of the leg. The
patient stated that he had been diagnosed with osteomyelitis

of the fibula at the age of seven years and had been managed
with surgical drainage, casting, and open packing. The condi-
tion resolved, allowing the patient to have a normal, unim-
paired lifestyle. He passed entry examinations and served in
both the United States Army and Marine Corps in the 1940s
and 1950s. The patient described one episode of self-limited
“drainage” in the 1960s. The recent drainage was not related
to an injury or other illness. The condition had failed to re-
solve following a trial of oral antibiotics that had been pre-
scribed by the patient’s primary physician.

Physical examination revealed the patient to be a healthy,
active, afebrile man without major medical comorbidities. The
lateral aspect of the leg had a healed surgical incision over the
middle part of the fibula. The center of the incision was
erythematous and open, with drainage of a purulent exudate.
Bone was visible along the wound edges.

Laboratory studies revealed a C-reactive protein level of
0.5 mg/dL (normal, 0 to 0.5 mg/dL), an erythrocyte sedimen-
tation rate of 30 mm/hr (normal, 0 to 15 mm/hr), and a white
blood-cell count of 10.3 × 103/μL (normal, 4 to 10.8 × 103/μL)
with a normal differential. A bone scan made at the referring
hospital showed increased activity in the fibula and the nearby
soft tissues. Radiographs of the leg (Fig. 1, A) revealed hyper-
trophy, sclerosis, and ectopic bone formation in the soft tis-
sues surrounding the fibula, consistent with the diagnosis of
chronic osteomyelitis.

Treatment
The patient’s major complaint was drainage and discomfort at
the site of the open wound. Definitive eradication of the os-
teomyelitis was considered to be unwise as it would have in-
volved resection of most of the fibula. The chosen treatment
was a less aggressive plan that involved local soft-tissue débri-
dement, resection of the ectopic bone, and partial axial fibular
resection in order to debulk enough bone to allow for primary
wound closure (Fig. 1, B). Deep wound specimens and patho-
logic specimens were obtained at the time of surgery.

O

A
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The pathologist reported osseous metaplasia and no
evidence of active osteomyelitis. Cultures of deep wound
specimens demonstrated growth of scant diphtheroids and
Streptococcus constellatus, both of which were susceptible to
penicillin. The patient was managed with a short course of oral
penicillin. At the time of the six-week follow-up, the wound was
healed and the patient had returned to normal activity.

Tissue Analysis
Bone specimens were submitted to the laboratory immedi-
ately following surgical resection. Multiple paired specimens
were harvested for light microscopy (performed with speci-
mens that had been fixed in 10% neutral buffered formalin,

decalcified, and embedded in paraffin) as well as for transmis-
sion electron microscopy (performed with specimens that had
been fixed in Karnovsky solution, postfixed in osmium tetrox-
ide, decalcified, and embedded in Spurr resin). Hematoxylin
and eosin-stained paraffin sections showing regions of interest
were selected, and additional adjacent sections were stained
with the Brown-Hopps method for identification of gram-
positive bacteria2. Upon confirmation of the presence of bac-
teria, thin sections from the same tissue region were prepared
for transmission electron microscopy and the grids were
stained with uranyl acetate and lead citrate. Sections were
viewed on a Phillips CM10 transmission electron microscope
(Phillips, Eindhoven, The Netherlands).

Fig. 1

A, Anteroposterior radiograph showing the 

chronic changes and substantial hypertrophy of 

the fibula. Ectopic ossification is present in the 

subcutaneous tissue. B, Postoperative radio-

graph showing the extent of diaphyseal bone 

resection (arrows) needed to mobilize tissues 

for a primary wound closure. All of the ectopic 

bone was removed.
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Results of Morphologic Studies
Light microscopic examination of multiple specimens initially
was performed with use of Masson-trichrome-stained sections,
and sites with evidence of bacteria within osteoblasts, osteo-
cytes, or osteocyte lacunae were identified (Fig. 2, A though E).
Osteoblasts and osteocytes were identified on the basis of their
morphological characteristics as well as their position on the
surface of bone (osteoblasts) or within surrounding bone (os-
teocytes). Specimens were then further analyzed following
staining for gram-positive bacteria (Fig. 2, F through H), and
specimens were selected for examination with transmission
electron microscopy.

Ultrastructural examination was used to confirm the
presence of bacteria within vacuoles in osteoblasts (Fig. 3). In-
ternalized bacteria displayed a prominent glycocalyx (Fig. 3,
A, white arrow). Bacteria were also occasionally identified
within the bone matrix (Fig. 3, D).

Discussion
he purpose of the present study was to examine osteoblasts
in surgical bone specimens from a patient who presented

with chronic osteomyelitis that had recurred over a period of
many years. Harvest of specimens was preplanned so that adja-
cent specimens were fixed for light and electron microscopy;
this maximized the opportunity of locating bacteria at both the
light and ultrastructural levels. The finding that the specimens
harvested during surgery had regions of live bone that con-
tained cells also contributed positively to the present study. A
major drawback of our previous searches for intracellular bacte-
ria in clinical specimens from patients with osteomyelitis was
that these specimens usually consisted of dead bone, which pre-

cluded localization of healthy osteoblasts/osteocytes.
It is important to note the presence of a glycocalyx sur-

rounding the internalized bacteria in this case. Reilly et al.5

also documented the presence of the glycocalyx surrounding
Staphylococcus aureus cells internalized in osteoblasts in vitro
and suggested that this may reflect altered metabolism by
the bacteria in order to shield against destructive osteoblast
enzymes. The glycocalyx appears to be present in a large pro-
portion of bacteria isolated from patients with chronic osteo-
myelitis6. It plays an important protective role for bacteria as
shown by the work of Gristina and other investigators7-12. The
exopolysaccharide-glycocalyx slime may shield bacteria from
antibiotics and from detection by macrophages through
stearic interference with phagocytosis and blockage of antigen
presentation7,8,10,11. The glycocalyx also allows bacteria to ad-
here to bone matrix, tissue, and biomaterials such as ortho-
paedic implants13,14 .

The results presented here are important because they
demonstrate, for the first time, that in patients with chronic,
recurrent osteomyelitis, bacteria can be sequestered from the
host immune system within the osteoblast cytoplasm. Release
of quiescent bacteria from the osteoblast or osteocyte cyto-
plasm into the surrounding tissue, such as during trauma or
bone remodeling, could be sufficient to initiate a recurrence of
symptomatic infection5. These findings also point to the im-
portance of greater understanding of alterations in gene ex-
pression in infected osteoblasts15. Bost et al.16 and Marriott et
al.17 recently demonstrated expression of interleukin-6 by in-
fected human and mouse osteoblasts in vitro, and Schrum et
al.18 demonstrated expression of CD40 following infection of
human and mouse osteoblasts. Interleukin-1β (IL-1β), inter-

T

Fig. 2

A through E, Light microscopic images of osteocytes with intracellular bacteria or bacteria in the lacunar space. Note that the osteocytes lie in lacu-

nae and are completely surrounded by bone. Bacteria appear as the small dark dots (arrows) in these views of Masson-trichrome-stained speci-

mens. F through H, Gram-staining was used for further identification of the bacteria (arrows) (A, ×1400; B, ×1385; C, ×900; D, ×1095; E, ×780; F, 

×900; G, ×950; H, ×1385).
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leukin-18 (IL-18), and interleukin-12 (IL-12) also have been
found to be upregulated in infected osteoblasts in vitro16,19.
Thus, osteoblasts that contain bacteria appear to secrete cy-
tokines that may be involved in local inflammation20.

In summary, the findings reported here demonstrate
that, in patients with chronic, recurrent osteomyelitis, bacte-
ria appear to be sequestered and protected from the host im-
mune system within the osteoblast or osteocyte cytoplasm
over many years. We recognize, however, that we have pre-
sented a detailed study of only one patient, and that the
results, although highly suggestive, do not scientifically dem-
onstrate that release of quiescent bacteria can initiate a re-
currence of symptomatic osteomyelitis. These findings are
important, however, because they present the first in vivo
documentation that bacteria (in this case, bacteria other
than Staphylococcus species) can be sequestered within hu-
man osteoblasts and osteocytes. These findings point out the
critical need for additional studies addressing interactions
between bacteria and osteoblasts/osteocytes. �
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Fig. 3

Electron micrographs documenting the intracellular presence of bacteria in osteocytes (A and B), osteoblasts (C), and bone matrix (D). 

Arrows point to bacteria. In A, the white arrow marks the glycocalyx coat of the bacteria within the osteocyte intracellular vacuole. (A, 

×14,000; B, ×15,600; C, ×5540; D, ×12,900.)

http://www.ejbjs.org


1347

 TH E JO U R NA L OF BONE & JOINT SURGER Y ·  JBJS .ORG

VO LU M E 87-A ·  NU M B E R 6 ·  JU N E 2005
INTER NA LIZA TION OF BA C TER IA BY OSTE OB LASTS IN A PATIENT 
W IT H RE C U R REN T, LONG-TER M OSTEOMYELITIS

References

1. Norden C, Gillespie WJ, Nade S, editors. Infections in bones and joints. Bos-
ton: Blackwell; 1994.

2. Luna LG. Histopathologic methods and color atlas of special stains and tissue 
artifacts. Gaithersburg, MD: American Histolabs; 1992. Bacteria, fungi, and spi-
rochetes; p 180-250.

3. Ellington JK, Reilly SS, Ramp WK, Smeltzer MS, Kellam JF, Hudson MC. Mecha-
nisms of Staphylococcus aureus invasion of cultured osteoblasts. Microb Pathog. 
1999;26:317-23.

4. Hudson MC, Ramp WK, Nicholson NC, Williams AS, Nousiainen MT. Internaliza-
tion of Staphylococcus aureus by cultured osteoblasts. Microb Pathog. 
1995;19:409-19.

5. Reilly SS, Hudson MC, Kellam JF, Ramp WK. In vivo internalization of Staphylo-
coccus aureus by embryonic chick osteoblasts. Bone. 2000;26:63-70.

6. Alam SI, Khan KA, Ahmad A. Glycocalyx positive bacteria isolated from chronic 
osteomyelitis and septic arthritis. Ceylon Med J. 1990;35:21-3.

7. Gristina AG, Naylor PT, Myrvik QN. Mechanisms of musculoskeletal sepsis. Or-
thop Clin North Am. 1991;22:363-71.

8. Naylor PT, Myrvik QN, Gristina A. Antibiotic resistance of biomaterial-adherent 
coagulase-negative and coagulase-positive staphylococci. Clin Orthop Relat Res. 
1990;261:126-33.

9. Mayberry-Carson KJ, Tober-Meyer B, Smith JK, Lambe DW Jr, Costerton JW. 
Bacterial adherence and glycocalyx formation in osteomyelitis experimentally in-
duced with Staphylococcus aureus. Infect Immun. 1984;43:825-33.

10. Gristina AG, Costerton JW. Bacterial adherence to biomaterials and tissue. 
The significance of its role in clinical sepsis. J Bone Joint Surg Am. 1985;67:
264 -73.

11. Gristina AG, Shibata Y, Giridhar G, Kreger A, Myrvik QN. The glycocalyx, bio-
film, microbes, and resistant infection. Semin Arthroplasty. 1994;5:160-70.

12. DeAngelis PL. Evolution of glycosaminoglycans and their glycosyltrans-
ferases: implications for the extracellular matrices of animals and the capsules 
of pathogenic bacteria. Anat Rec. 2002;268:317-26.

13. Hudson MC, Ramp WK, Frankenburg KP. Staphylococcus aureus adhesion to 
bone matrix and bone-associated biomaterials. FEMS Microbiol Lett. 1999;173:
279-84.

14. Cheung AL, Fischetti VA. Variation in the expression of cell wall proteins of 
Staphylococcus aureus grown on solid and liquid media. Infect Immun. 1988;
56:1061-5.

15. Saito K, Ohara N, Hotokezaka H, Fukumoto S, Yuasa K, Naito M, Fugiwara T, 
Nakayama K. Infection-induced up-regulation of the costimulatory molecule 4-1BB 
in osteoblastic cells and its inhibitory effect on M-CFS/RANKL-induced in vitro os-
teoclastogenesis. J Biol Chem. 2004;279:13555-63.

16. Bost KL, Ramp WK, Nicholson NC, Bento JL, Marriott I, Hudson MC. Staphylo-
coccus aureus infection of mouse or human osteoblasts induces high levels of 
interleukin-6 and interleukin-12 production. J Infect Dis. 1999;180:1912-20.

17. Marriott I, Gray DL, Tranguch SL, Fowler VG Jr, Stryjewski M, Scott Levin L, 
Hudson MC, Bost KL. Osteoblasts express the inflammatory cytokine interleukin-
6 in a murine model of Staphylococcus aureus osteomyelitis and infected human 
bone tissue. Am J Pathol. 2004;164:1399-406.

18. Schrum LW, Marriott I, Butler BR, Thomas EK, Hudson MC, Bost KL. Func-
tional CD40 expression induced following bacterial infection of mouse and hu-
man osteoblasts. Infect Immun. 2003;71:1209-16.

19. Marriott I, Hughes FM Jr, Bost KL. Bacterial infection of osteoblasts induces 
interleukin-1beta and interleukin-18 transcription but not protein synthesis. J In-
terferon Cytokine Res. 2002;22:1049-55.

20. Wright KM, Friedland JS. Differential regulation of chemokine secretion 
in tuberculous and staphylococcal osteomyelitis. J Bone Miner Res. 2002;17:
1680-90.

http://www.ejbjs.org


COPYRIGHT © 2005 BY THE JOURNAL OF BONE AND JOINT SURGERY, INCORPORATED

1348

A Role for Vertebral Biopsy 
in Selected Patients 

with Known Malignancy
A REPORT OF THREE CASES

BY KAI-UWE LEWANDROWSKI, MD, DAISUKE TOGAWA, MD, PHD, THOMAS W. BAUER, MD, PHD, 
AND ROBERT F. MCLAIN, MD

Investigation performed at The Cleveland Clinic Foundation, Cleveland, Ohio

keletal metastases commonly occur in the spine1-4 and
present at multiple levels in as many as 40% to 70% of
patients who have disseminated malignant tumors5-7.

Skeletal metastases most commonly arise from breast, lung,
prostate, colorectal, and renal primary tumors as well as
from lymphoreticular tumors, such as lymphoma or multi-
ple myeloma8-12. Lesions that are metastatic to the spine rep-
resent the first manifestation of cancer in as many as 20% of
symptomatic patients13,14. Overall, approximately 10% of pa-
tients with neoplastic disease are likely to have clinically im-
portant symptoms resulting from secondary lesions of the
spine3,15-17.

With the advent of modern imaging modalities such as
magnetic resonance imaging, computed tomography, and
bone scanning, asymptomatic lesions of the spinal column
are now more frequently identified during the follow-up
surveillance of patients with malignant tumors18,19. An ac-
curate diagnosis is essential for appropriate staging and
management of any tumor, but it is common for clinicians to
institute palliative care for patients who have a known malig-
nant lesion on the basis of the probability that the newly
identified lesion represents metastasis from the original pri-
mary malignant lesion. There are few clinical data available
from which to accurately estimate the prevalence of a second
primary malignant lesion in the presence of existing neoplas-
tic disease.

We report on three patients with preexisting malignant
disease who presented with new lesions of the spine and in
whom the presumptive diagnosis of metastasis or recurrence
proved to be incorrect. Each patient underwent surgery for
neural decompression and spinal stabilization, and, in each
case, management was altered as a result of the intraoperative
histopathologic findings.

The three patients were referred to the senior author
(R.F.McL.) for evaluation of progressive neurological com-
promise and spinal instability between March and June
2003. All three patients had known primary malignant le-
sions that had been treated previously either surgically or

with radiation therapy and chemotherapy. Each patient pre-
sented with a new symptomatic lesion in the spine, which
presumably represented a late metastasis from the known
primary lesion (two patients) or a brown tumor of hyperpar-
athyroidism (one patient). Operative treatment was carried
out on the basis of the indications of neurological impair-
ment and segmental instability, but intraoperative frozen-
section analysis and subsequent histopathologic evaluation
of the specimens revealed that the malignant lesion was of a
different histopathologic type in each instance. Our patients
were informed that data concerning the cases would be sub-
mitted for publication.

Case Reports
ASE 1. A fifty-one-year-old man presented with radicular
pain and numbness in the right lower extremity, which he

related to a fall six months prior to the evaluation. The patient
had undergone excision of a paraganglioma from his neck and
cervical spine thirty-three years previously. He had been
treated for a local recurrence of the paraganglioma thirteen
years after the initial resection and had undergone radiation
therapy. At the time of presentation, a magnetic resonance im-
aging scan of the entire spine demonstrated lesions at multiple
levels, with large lesions at the L2 and L5 levels. A putative
diagnosis of metastatic paraganglioma was advanced.

On the basis of the history and the most recent magnetic
resonance imaging scan, decompression and stabilization at
the site of the L5 lesion were planned. The patient underwent
angiography of the L5 lesion, which showed a highly vascular
soft-tissue mass that was atypical of chordoma but consistent
with paraganglioma. Prior to radiotherapy of the remaining
lesions, an open transpedicular biopsy of the L2 lesion and a
laminectomy at the site of the L5 lesion were performed. His-
topathologic examination of tissue from the L2 lesion demon-
strated a chordoma (Fig. 1, a). The L5 lesion, however, was
confirmed as a paraganglioma on the basis of its histologic ap-
pearance as well as the expected positive result of immunohis-
tochemical staining for chromogranin and synaptophysin and
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the negative result of staining for markers of epithelial cyto-
keratin (which are expected to stain positive in the presence of
a chordoma) (Fig. 1, b).

On the basis of the diagnosis of a chordoma at the L2
level and the partially resected L5 paraganglioma, focal irradi-
ation of the L5 lesion was recommended. Observation of the
L2 lesion was instituted, and, depending on the response of
the metastatic paraganglioma, wide resection of the L2 lesion
may be required in the future. In consideration of the poten-

tial need for surgery in that region, the area at the L2 level was
not irradiated as had been planned originally.

CASE 2. A ninety-one-year-old man with a history of adeno-
carcinoma of the prostate gland presented with acute, pro-
gressive myelopathy after a fall. The adenocarcinoma had
been treated nine years previously, without recurrence. At the
time of presentation, the myelopathy was severe and the sen-
sory level was T6. Investigative studies showed an extradural

Fig. 1

Case 1. a, Photomicrograph of a biopsy specimen obtained from L2, showing a lobulated neoplasm. The tumor cells have small round nuclei and 

abundant vacuolated cytoplasm. This appearance is typical of chordoma (hematoxylin and eosin, original magnification ×200). b, Photomicrograph 

of a specimen obtained from L5, showing that the tumor cells are positive for chromogranin. The cells were also positive for synaptophysin, but neg-

ative for epithelial membrane antigen and cytokeratin. This pattern of immunohistochemical staining is consistent with paraganglioma and not chor-

doma (chromogranin, original magnification ×200).
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mass that was eroding the lamina and pedicle and com-
pressing the spinal cord at the T6 level. A putative diag-
nosis of metastatic carcinoma of the prostate gland was
advanced. The patient was initially referred for radiation ther-
apy but, because of the rapid progression of myelopathy and
because it was uncertain if the tumor would respond to ir-
radiation, he was referred to us for emergent laminectomy
and spinal cord decompression. A posterolateral corpectomy
was planned to provide local control through a minimally
invasive approach20. However, frozen-section analysis of tis-
sue from the compressive lesion showed sheets of cells with
abundant pink cytoplasm, large nuclei, and prominent nucleoli
(Fig. 2), which are typical of plasma cells. Immunohisto-
chemical stains were negative for cytokeratin and prostate-
specific antigen but strongly positive for CD138 and kappa
light chains, confirming a plasma-cell origin. On the basis of
the preliminary diagnosis of a plasmacytoma and in view of
the improved likelihood of local control with the use of radio-
therapy, the decision was made to forego formal corpectomy
and further tumor resection21.

CASE 3. A thirty-nine-year-old woman was referred to us for
evaluation of cervical instability, neck pain, and radicular
pain. The patient had a history of parathyroid carcinoma and
hypercalcemia. Four years previously, she had undergone re-
section of the parathyroid lesion and removal of cervical

lymph nodes that had tested positive for metastasis, followed
by irradiation of the involved area. Subsequent skeletal sur-
veys had shown multiple lytic lesions in the skull, the distal
metaphysis of the left humerus, the radius, and the right
posterior iliac wing. Although these lesions were initially
diagnosed as metastases, an examination of biopsy samples
revealed tissue that was consistent with osteitis fibrosa cystica
(brown tumor of hyperparathyroidism). Because multiple bi-
opsies over time showed no evidence of recurrent carcinoma,
the patient was considered free of tumor and was observed by
her endocrinologist.

A new C5 compression fracture that resulted in focal
kyphosis also was considered to be the result of a brown tumor
of hyperparathyroidism. The patient initially refused the rec-
ommendation for surgical treatment of this severely unsta-
ble condition because she felt reassured by the putative
diagnosis of a benign condition. Because of progressive
myelopathy, the patient eventually underwent a C5 corpec-
tomy and anterior reconstruction with a fibular strut graft
and anterior plating, followed by a posterior arthrodesis
from C3 to C6 with lateral mass plating. During the same
operation, an attempt was made to procure a bone graft
from the right iliac crest. A large lytic lesion was curetted.
Frozen-section analysis and final histopathologic examina-
tion of the iliac-crest lesion showed osteoclasts and reactive
bone with peritrabecular fibrosis, consistent with a brown

Fig. 2

Case 2. Photomicrograph of a biopsy specimen obtained from the extradural mass, showing sheets of cells with abundant pink cytoplasm, large 

round nuclei, and prominent nucleoli. The tumor stained positively for CD138 and kappa light chains and negatively for cytokeratin and prostate-

specific antigen. These findings are consistent with a plasmacytoma or multiple myeloma and are not consistent with metastatic adenocarcinoma 

of the prostate gland (hematoxylin and eosin, original magnification ×520).
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tumor of hyperparathyroidism, but no evidence of malig-
nancy. However, an examination of tissue from the site of
the anterior cervical corpectomy revealed metastatic par-
athyroid carcinoma (Fig. 3). The patient recovered rapidly
and went home three days after surgery. The neck pain and
the radicular symptoms in both arms decreased greatly. On
the basis of the new diagnosis of metastatic carcinoma, de-
finitive multimodality radiation therapy and chemotherapy
were instituted to provide optimal control of the malignant
process.

Discussion
o obtain the best results and to limit both morbidity and
mortality in patients who have spinal tumors, it is impor-

tant to carefully match the treatment modality to the patho-
logical process. This case series calls attention to the fact that
the appearance of a new spinal lesion in a patient with known
malignant disease may not always represent a metastasis or a
recurrence of a primary osteolytic process. All three patients
had histopathologic findings on intraoperative frozen-section
analysis that easily differentiated the new tumor from the ex-

T

Fig. 3

Case 3. a, Photomicrograph of a biopsy specimen from the iliac-crest lesion, showing bone with histologic features consistent with hyperparathy-

roidism, including peritrabecular fibrosis, increased bone resorption, and new bone formation (hematoxylin and eosin, original magnification ×200). 

b, Photomicrograph of a biopsy specimen obtained from the C5 vertebral body, showing carcinomatous cells that are morphologically consistent 

with a parathyroid origin (hematoxylin and eosin, original magnification ×200).
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pected diagnosis. This implies that the new neoplastic processes
that were identified in these patients may have been reliably
diagnosed through trocar or needle biopsy prior to the plan-
ning of definitive treatment.

Whether or not a tumor requires surgical treatment is
determined by the behaviors of the primary lesion and the
metastatic lesion. Patients with breast, prostate, renal, thyroid,
or gastrointestinal carcinoma may experience extended sur-
vival times with current adjuvant protocols, despite estab-
lished metastatic disease. Hence, when a patient with an
established diagnosis of disseminated carcinoma presents with
a spinal lesion, the natural tendency is to assume that the spi-
nal lesion represents a skeletal metastasis from the known pri-
mary lesion. This may not be a safe assumption.

Our three patients presented with specific clinical fea-
tures that made their cases unusual and that may serve as rela-
tive indications for biopsy in future patients. First, each
patient presented with an atypical history. One patient pre-
sented with extensive dissemination of a typically benign
neoplasm, another presented with a new spinal lesion after a
nine-year interval of being free of disease, and the third had
presented repeatedly with several benign destructive lesions
despite the previous primary diagnosis of a highly lethal pri-
mary carcinoma. Second, none of these patients presented
with a classic pattern of metastatic dissemination. The two pa-
tients with multiple lytic lesions had dissemination of typi-
cally benign tumors to either the axial or the appendicular
skeleton, while the patient with prostatic adenocarcinoma had
no evidence of skeletal or visceral involvement prior to the on-
set of myelopathy. Also, each of these patients presented with
an unusually long interval between the initial diagnosis of the
tumor and the onset of the spinal disease. The patient with a
paraganglioma had been last treated for recurrent disease
twenty years previously, while the patient with the prostatic
carcinoma had had no evidence of recurrent or metastatic dis-
ease during a nine-year period. Even the patient with parathy-
roid carcinoma, who had received the initial diagnosis four
years previously, had experienced roughly twice the disease-
free survival that can be expected for a patient with this pri-
mary tumor. Finally, each of these patients presented with
extensive osseous destruction and signs of impending or pro-
gressive neurological compromise. The likelihood that radio-
therapy would provide any substantial benefit was low for
each of these patients.

These three patients presented in rapid succession over
a short interval of time. Recognition of their unique condi-
tions was serendipitous and was not the result of heightened
suspicions or more innovative or meticulous evaluations. It

is likely that other patients with similar conditions have passed
through our treatment center without being recognized, ei-
ther because their lesions appeared late in the disease process
and never became clinically relevant or because they were
treated for the putative diagnosis of metastatic tumor without
further investigation. Given that patients with spinal meta-
stases have a limited expectation for survival and a high
likelihood of eventual local failure and additional distant me-
tastases, there are few features of the disease process that would
identify a patient who was receiving marginal or inadequate
treatment for an unrecognized second neoplasm. Hence,
there is no way to estimate from our current clinical experi-
ence just how common the phenomenon of a second malig-
nant lesion may be.

Depending on the circumstance, treatment based on as-
sumptions of tumor type may lead to undertreatment (e.g.,
radiation therapy for chordoma, or hormonal treatment for
parathyroid cancer) or overtreatment (e.g., corpectomy for
plasma-cell tumor). Although the case series presented here is
small, it underlines the fact that biopsy should be considered
when a new spinal lesion appears in a patient with a previous
or existing malignant lesion. This seems particularly impor-
tant for patients who have had a lengthy disease-free interval,
those who have solitary lesions, those who have low-grade or
slowly progressive primary tumors, or those whose lesions
have occurred in an atypical manner. Needle biopsy would
have revealed the true nature of these lesions in each case,
without appreciable additional expense or risk. Biopsy should
be strongly considered for such patients before initiating de-
finitive palliative care, which usually involves high-dose irra-
diation or tumor-specific chemotherapy. �
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heumatoid arthritis frequently involves the cervical
spine, especially the atlantoaxial joint, often resulting
in atlantoaxial subluxation. In series ranging in size

from seventy-three to 333 patients, 25% to 60% of patients
with rheumatoid arthritis had this lesion1. Atlantoaxial sub-
luxation sometimes causes devastating cervical myelopathy in
these patients.

Ossification of the posterior longitudinal ligament ap-
pears as an abnormal radiopacity along the posterior margins
of the vertebral bodies as seen on lateral radiographs. It also
may cause spinal cord compression, resulting in myelopathy2.
Tsukimoto was probably the first to describe ossification of the
posterior longitudinal ligament in Japan, on the basis of au-
topsy findings, in 19603. Since then, many reports of this disease
in both the cervical and the thoracic spine have been published
in Japan. Tsuyama and Nakanishi et al. reported that the preva-
lence of radiographically demonstrated ossification of the pos-
terior longitudinal ligament was 2% (121 of 6034) and that this
value increased to 11% (eleven of 104) among patients over the
age of sixty years in Japan4,5. Only a limited number of cases of
ossification of the posterior longitudinal ligament have been re-
ported among non-Japanese individuals6,7. Satomi and Hiraba-
yashi reported that ossification of the posterior longitudinal
ligament was observed on the cervical radiographs of approxi-
mately 2.1% of 1000 outpatients in east Asian countries, includ-
ing Japan, compared with 0.2% of 854 subjects at the Mayo
Clinic and 0.6% of 490 subjects in Hawaii2.

While it is now recognized that atlantoaxial subluxation
and ossification of the posterior longitudinal ligament can co-
exist in patients with rheumatoid arthritis, cervical myelopa-
thy due to this combination in a patient with rheumatoid
arthritis has not been previously described, to the best of our
knowledge. Our patient was informed that data concerning
this case would be submitted for publication.

Case Report
sixty-eight-year-old Japanese woman was referred to our
clinic for evaluation and treatment because of her inabil-

ity to stand and walk. She had had numbness of the upper and
lower extremities, bladder and bowel disturbance, and neck
pain since the age of sixty-six years. The numbness was most
prominent in the distal parts of both the upper and lower ex-
tremities in a stocking-glove distribution. She complained of
difficulty urinating and of urinary incontinence. The neck
pain was mainly related to motion but sometimes was present
at rest. Two months before the time of presentation to us, she
had fallen down and the symptoms had rapidly worsened. At
the age of forty-four years, she had been diagnosed with rheu-
matoid arthritis and had been managed with an oral nonste-
roidal anti-inflammatory drug (diclofenac, 25 mg three times
daily), an antirheumatoid drug (methotrexate, 2 mg two times
daily), and a steroid (predonine, 5 mg one time daily). The
status of the rheumatoid disease had been classified as Ameri-
can Rheumatology Association Stage IV and Class III before
this episode8.

Neurological examination revealed quadriparesis. The
deep tendon reflexes in both the upper and lower extremities
were increased, and the patient had a positive Babinski reflex as
well as ankle clonus bilaterally. Hypalgesia and paresthesias
were present in the trigeminal (cranial-nerve-V) dermatome
and throughout the body caudad to the C2 dermatome. Manual
muscle-testing revealed generalized muscle weakness (grade 2
of 5) throughout the upper and lower extremities. Grip strength
was 5 kg on the right and 2 kg on the left. Laboratory studies re-
vealed an elevated erythrocyte sedimentation rate of 81 mm/h
(normal, <10 mm/h) and an elevated C-reactive protein level of
1.6 mg/dL (0.16 mg/L) (normal, <0.25 mg/dL [0.03 mg/L]). Se-
rological tests for rheumatoid factor were positive, revealing a
level of 25 U/mL (normal, <18 U/mL). 

R A
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Radiographic evaluation of the cervical spine showed
erosive destruction of the odontoid process of C2, anterior
atlantoaxial subluxation, and ossification of the posterior lon-
gitudinal ligament from C5 to C7 (Figs. 1, 2, and 3). The at-
lantodental interval was 15 mm when the neck was in flexion
and the space available for the spinal cord at this level was 12
mm. The subluxation could not be completely reduced even
with the neck in full extension; in that position, the atlanto-
dental interval was reduced to only 10 mm. Axial computed
tomography after myelography demonstrated spinal cord
compression at the level of the atlas and axis. Also, the spinal
cord was severely compressed as a result of ossification of the
posterior longitudinal ligament at the C6 level. There was 8
mm of superior migration of the odontoid process as mea-
sured with the method of Ranawat et al.9. The distance be-
tween the tip of the odontoid process and the level of the
foramen magnum was 6 mm. Magnetic resonance imaging

also showed marked compression of the spinal cord (Fig. 4).
Radiographs of the elbow, wrist, interphalangeal, hip, and
knee joints also showed severe erosive destruction.

Surgery was performed because of the neurological
symptoms. The procedure involved removal of the posterior
arch of the atlas and laminaplasty from C3 to C7, followed
by arthrodesis of the occiput to the second cervical vertebra
with use of autologous iliac crest bone graft and posterior
spinal instrumentation consisting of occipital screws and C2
pedicle screws connected with two separate rectangular rods

Fig. 2

Axial computed tomographic scan made after myelography, demon-

strating compression of the spinal cord at the level of atlas and axis. 

This image, made with the neck in full extension, shows that the at-

lantoaxial subluxation is not reduced.

Fig. 1

Lateral radiograph of the cervical spine, showing atlantoaxial sublux-

ation and superior migration of the odontoid process into the skull. 

The atlas has slipped anteriorly on the axis, resulting in narrowing of 

the spinal canal.

Fig. 3

Axial computed tomographic scan made after myelography, demon-

strating ossification of the posterior longitudinal ligament at the C6 

level. The spinal cord was severely compressed as a result of the os-

sification of the posterior longitudinal ligament.
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(Fig. 5). A distractive force was manually applied between
the occiput and C2 to reduce the superior migration of the
odontoid process prior to connection of the C2 screws and
rods. A Philadelphia-type collar (Arizono Orthopedic Sup-
plies, Kitakyushu City, Japan) was used for postoperative
immobilization.

Postoperatively, the patient had immediate relief of the
neck pain as well as the numbness of the face and extremities.
The grip strength also improved to 18 kg on the right and 12
kg on the left. The patient was able to walk with a walker two
weeks after the operation and began to walk with two crutches
two months after the operation. Solid osseous fusion was
present six months postoperatively. The patient remained an
independent walker until she died of pneumonia five years af-
ter the operation.

Discussion
ssification of the posterior longitudinal ligament is a clini-
cal entity of unknown etiology. It is well known that this

condition is sometimes associated with diabetes mellitus, acro-
megaly, hypoparathyroidism, and vitamin-D-deficiency rickets2.
However, we found only a few reports of ossification of the pos-
terior longitudinal ligament in patients with rheumatoid arthri-
tis10-12. Moreover, we are not aware of any reports suggesting that
ossification of the posterior longitudinal ligament and atlanto-
axial subluxation occurred simultaneously and caused severe
myelopathy in a patient with rheumatoid arthritis.

The pathophysiologies of rheumatoid arthritis and ossi-
fication of the posterior longitudinal ligament are quite differ-
ent. Rheumatoid arthritis is basically a destructive disease. In
contrast, ossification of the posterior longitudinal ligament is
a hyperplastic disease. Koshizuka et al. reported ossification of

O

Fig. 4

Sagittal T2-weighted magnetic resonance image demonstrating se-

vere compression of the spinal cord due to atlantoaxial subluxation 

and ossification of the posterior longitudinal ligament.

Fig. 5

Radiograph made two years and four months after laminaplasty from 

C3 to C7, a laminectomy of the atlas, and an occipitoaxial arthrodesis 

performed with a posterior screw-and-rod system.
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the posterior longitudinal ligament of the cervical spine in
four (5%) of eighty-three female patients with rheumatoid ar-
thritis who had a mean age of sixty-one years10. Sakurai et al.
reported ossification of the posterior longitudinal ligament in
seven (1.4%) of 500 patients with rheumatoid arthritis12.

Superior migration of the odontoid process was also
present in our patient according to the criteria of Ranawat et
al.9. Slatis et al. reported on eighteen patients with rheumatoid
arthritis who had cranial subluxation of the odontoid pro-
cess13. In that series, the distance between the tip of the odon-
toid process and the level of the foramen magnum varied from
0 to 25 mm in five patients (28%) who had impairment of cra-
nial nerves. The corticospinal tracts, lateral sensory tracts, sec-
ond cervical nerve roots, and the spinal tract of the trigeminal
nerve are vulnerable to compression in association with hori-
zontal subluxation of the atlantoaxial joint. Vertical sublux-
ation of the axis may result in impingement of the odontoid
process upon the medulla, where the nuclei and tracts of the
fifth through twelfth cranial nerves are located14.

Because of the myelopathy, we performed a lamina-
plasty from C3 to C7 to decompress the portion of the spinal
cord that was compressed as a result of the ossification of the
posterior longitudinal ligament, a laminectomy of the atlas to
decompress the spinal cord, and an occipitocervical arthrode-
sis. The internal fixation provided sufficient immediate post-
operative stability to avoid managing this impaired patient
with a cumbersome orthosis, such as a halo vest, postopera-
tively. Although an anatomical reduction of the atlantoaxial
subluxation was not achieved, the procedure was effective for
decompressing the spinal cord and for providing rigid occipi-
tocervical stabilization, thus eliminating the dynamic spinal
cord compression and allowing for improvement in the activi-
ties of daily living.

Although it is rare for symptomatic ossification of the
posterior longitudinal ligament to be combined with atlanto-
axial subluxation in a patient with rheumatoid arthritis, care-

ful neurologic and radiographic evaluation of patients with
this disease should be performed to monitor for possible my-
elopathy. Ossification of the posterior longitudinal ligament
might be overlooked on a lateral cervical radiograph. Even
non-Japanese patients with rheumatoid arthritis and atlanto-
axial subluxation should receive special attention with regard
to any subaxial lesions in the cervical spine and should un-
dergo computed tomographic scanning and/or magnetic reso-
nance imaging for the evaluation of cervical myelopathy. The
present report illustrates the importance of appropriate neu-
rologic and radiographic evaluation of patients with rheuma-
toid arthritis in order to help to prevent severe neurological
complications. �
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hondroblastoma is a rare primary bone tumor that
usually affects the epiphysis or apophysis of long bones,
especially the proximal part of the tibia, the proximal

part of the humerus, and the proximal and distal parts of the
femur. Its clinical course is unpredictable, and it can behave ag-

gressively without treatment. Even with curettage, the local re-
currence rate can be ≥20% within three years after the
operation1-7. A few cases of metastasis have been reported de-
spite the histologically benign appearance of the tumor5,6.
There have been reports of the development of osteoarthritis of

C

Fig. 1-A

Figs. 1-A and 1-B The initial anteroposterior plain radio-

graphs of the hip. Fig. 1-A The extent of the lesion is de-

lineated with dotted lines. One millimeter of collapse 

superiorly is shown by the superimposed Mose circle on 

the femoral head (arrowheads).
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the hip joint secondary to femoral head collapse after curettage
of lesions in the femoral head2,6. In this paper, we report the
case of a patient with chondroblastoma of the femoral head
and acetabular dysplasia who was treated with rotational
acetabular osteotomy to prevent femoral head collapse after
curettage of the lesion. The patient was informed that data
concerning this case would be submitted for publication.

Case Report
twenty-eight-year-old man was seen at another hospital
because of right hip pain with walking, which had lasted

for six months. A diagnosis of solitary bone cyst was made at
that institution, and he was treated with core decompression.
The pain did not decrease postoperatively, and he subse-
quently consulted our hospital.

On examination, the patient walked with an antalgic
limp on the affected side and had mild limitation of the range
of motion of the right hip joint (100° of flexion, 15° of adduc-
tion, 15° of internal rotation, and 20° of external rotation) be-
cause of pain. Plain radiographs showed a large radiolucent
area with marginal sclerosis that extended from the superior
subchondral bone of the femoral head to the neck of the fe-
mur. The volume of this lesion, as measured with a digitizer
on the anteroposterior radiograph, was 40% of the femoral

head volume. In addition, we noted developmental dysplasia
(a center-edge angle of 18° and an acetabular head index of
63%) and 1 mm of collapse of the femoral head compared
with the contralateral side. There was no loss of joint space,
but there were marginal osteophytes of the femoral head (Figs.
1-A and 1-B). We interpreted these findings as being consis-
tent with early osteoarthritis in a patient with developmental
dysplasia. In addition, the bone tumor was located directly
under the weight-bearing surface, and the femoral head was
already aspherical in its superolateral aspect. Magnetic reso-
nance imaging showed a hypointense lesion of the femoral
head and neck on T1-weighted images (Fig. 2-A) and a hyper-
intense lesion on T2-weighted images (Fig. 2-B). The patient
underwent needle biopsy of the lesion, which was interpreted
as a chondroblastoma.

Although extensive curettage of the tumor and packing
of the defect with bone grafts is the usual treatment for this le-
sion, we suspected that the early osteoarthritic changes, the
slight collapse of the femoral head secondary to the lesion, and
the acetabular dysplasia would lead to rapid progression of de-
generative osteoarthritis and femoral head collapse if that
treatment was used alone. For those reasons, we thought that
additional reconstructive surgery was indicated to reduce the
load on the affected part of the femoral head. As the lateral

A

Fig. 1-B

The intact lateral cortex is outlined. Note that there 

is moderate developmental dysplasia of the hip 

(center-edge angle, 18°; acetabular head index, 

63%). The hip joint is congruent, and there is no 

loss of joint space.
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portion of the femoral head was not affected, we sought to im-
prove the acetabular coverage of that portion with a rotational
acetabular osteotomy to redistribute the weight-bearing force
to this intact area. To avoid seeding of tumor cells, we per-
formed the osteotomy before the curettage. It was carried out
as described by Ninomiya and Tagawa8. The osteotomy line
was drawn at 1 to 1.5 cm from the acetabular rim, and then
the osteotomy was performed anteriorly, laterally, and poste-
riorly around the acetabulum with use of a special curved
osteotome that was designed to approximate the acetabular
curvature. Two trapezoidal bone grafts, each about 5 mm
thick, were taken from the external wall of the ilium and were
used to fill the gap between the ilium and the rotated acetabu-
lar fragment. After adequate coverage of the femoral head
was achieved by moving the acetabulum 35 mm laterally, two
Kirschner wires (2 mm in diameter) were inserted to fix the
rotated acetabulum and the cortical bone struts to the ilium.
Cancellous bone chips were also used to fill the gaps between
the osteotomized bone surfaces.

After completion of the osteotomy, curettage of the tu-
mor with a surgical burr was done through a fenestration in the
great trochanter under fluoroscopic guidance. After complete
curettage and washing with phenol, cancellous bone chips and
granular hydroxyapatite9 were packed into the cavity (Fig. 3).

The tissue removed by curettage was examined histologically,
and a diagnosis of benign chondroblastoma was made (Fig. 4).

The Kirschner wires were removed through a small skin
incision in the sixth postoperative week. Partial weight-bearing
with two crutches was allowed two months postoperatively, and
full weight-bearing began five months postoperatively. The
range of motion of the involved hip was increased postopera-
tively, to 110° of flexion, 25° of adduction, 45° of internal rota-
tion, and 60° of external rotation.

At the time of the latest follow-up (4.5 years after the
operation), there had been no recurrence of the tumor and no
progression of femoral head collapse (Fig. 5). The patient had
no discomfort in the right hip and had returned to his previ-
ous work as a driver of a tractor.

Discussion
hondroblastoma is a rare lesion, accounting for approxi-
mately 1% to 2% of all benign bone tumors. The major-

ity of patients with chondroblastoma are younger than twenty
years of age and may still have an open physis1-7. Although the
usual treatment is curettage, local recurrence is not unusual,
with a recurrence rate as high as 21% following curettage and
bone-grafting6. While the recurrences usually occur within the
first three years after curettage, they have been reported after

C

Fig. 2-A

Magnetic resonance images showing the lesion, which is hypointense on the T1-weighted image (Fig. 2-A) and hyperintense on the 

T2-weighted image (Fig. 2-B).

Fig. 2-B
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much longer periods of time2,5.
In discussing the use of proximal

femoral osteotomy for treatment of os-
teonecrosis of the femoral head, Mont
and Hungerford10 stated that its pur-
pose was to move the necrotic segment
away from the major weight-bearing
part of the acetabulum and redistribute
the load to articular cartilage that is
still supported by healthy subchondral
bone. Although we were treating a bone
tumor, we subscribed to those princi-
ples. Ito et al.11 reported that, if a ne-
crotic femoral head has an intact lateral
bone cortex at the femoral neck, varus
osteotomy alone can achieve sufficient
coverage of the intact part of the femo-
ral head. However, Ito et al. found that
three of four patients with >25° of varus
correction and three of fifteen with
<25° of correction had a permanent
limp. Thus, by performing a rotational
acetabular osteotomy in our patient, we
utilized the intact lateral cortex of the
femoral head, as proposed by Ito et al.,
and shifted the weight-bearing sector of
the femoral head to intact articular car-
tilage and subchondral bone while, at
the same time, preserving a satisfactory

Fig. 4

Photomicrograph of the lesion, showing the characteristic appearance of a benign chondroblastoma. 

There is proliferation of chondroblasts with round or oval nuclei as well as chondroid material and multi-

nucleated giant cells (hematoxylin and eosin, ×100).

Fig. 3

Anteroposterior plain radio-

graph made immediately after 

rotational acetabular osteot-

omy and curettage with packing 

of the lesion with cancellous 

bone graft and hydroxyapatite 

granules.
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range of motion, improving the lateral coverage of the femoral
head in a patient with acetabular dysplasia, and avoiding
limb-length discrepancy and abductor insufficiency.

To date, we have treated twenty-one young patients

(twenty-five hips, followed for a minimum of three years)
with extensive osteonecrosis of the femoral head with a rota-
tional acetabular osteotomy. We found the procedure to be
effective for preventing further collapse of the femoral head
and for controlling symptoms12. The good clinical outcome
seems to be related to adequate postoperative acetabular cov-
erage of the lateral part of the femoral head by living bone.
While we are not aware of any reports on the use of this os-
teotomy for the treatment of tumors of the femoral head, we
thought that, given the constellation of problems posed by
the tumor and the hip dysplasia in our patient, it was the
best surgical option.

Even though curettage was performed under fluoro-
scopic guidance, it was unclear whether the tumor was com-
pletely removed. With a follow-up of 4.5 years, we cannot rule
out the possibility of a recurrence in the future, and it will be
necessary to follow our patient carefully. Collapse of the femo-
ral head and progression of the osteoarthritis of the hip joint
had not occurred at the time of writing. �
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Fig. 5

At 4.5 years after the operation, there has been no recurrence of the 

tumor and no progression of femoral head collapse.

http://www.ejbjs.org


COPYRIGHT © 2005 BY THE JOURNAL OF BONE AND JOINT SURGERY, INCORPORATED

1363

Metacarpal Brown 
Tumor in Secondary 

Hyperparathyroidism Due 
to Vitamin-D Deficiency

A CASE REPORT

BY ERDINC ERTURK, MD, MURAT KESKIN, MD, CANAN ERSOY, MD, 
TUFAN KALELI, MD, SAZI IMAMOGLU, MD, AND GULAYDAN FILIZ, MD

Investigation performed at the Departments of Endocrinology, Orthopedics, and Pathology, 
Uludag University School of Medicine, Bursa, Turkey

rown tumors are locally destructive bone lesions caused
by rapid osteoclastic bone resorption due to severe
hyperparathyroidism1. For years, brown tumors have

been considered to be characteristic of primary hyperparathy-
roidism. However, brown tumors also have been reported to
occur in patients with severe hyperparathyroidism secondary
to chronic renal failure2-4, especially those on long-term hemo-
dialysis. Hypocalcemia, hyperphosphatemia, and vitamin-D
deficiency are the basic characteristics of chronic renal failure
associated with secondary hyperparathyroidism.

The appearance of brown tumor lesions in a patient
with secondary hyperparathyroidism due to malabsorption
has been reported5; but, to our knowledge, there are no re-
ported cases of a patient in whom brown tumor developed
secondary to osteomalacia due to inadequate sunlight expo-
sure and dietary vitamin-D deficiency. Our patient was in-
formed that data concerning the case would be submitted for
publication.

Case Report
twenty-eight-year-old woman who had been in purdah
(no skin exposed in public except the hands and face)

since she was thirteen years old presented with a 4 × 3-cm
painful mass in the region of the fourth metacarpal of the
right hand without redness or warmth (Fig. 1). Her hand
movement was extremely restricted. Radiographs revealed an
expansile lytic lesion of the fourth metacarpal (Fig. 2) as well
as subperiosteal bone resorption of the phalanges. Laboratory
evaluation showed a serum level of calcium of 8.3 mg/dL (2.07
mmol/L) (normal, 8.5 to 10.2 mg/dL [2.12 to 2.54 mmol/L]),
phosphate of 2.9 mg/dL (0.94 mmol/L) (normal, 2.5 to 4.5
mg/dL [0.81 to 1.45 mmol/L]), and alkaline phosphatase of
834 IU/L (normal, 50 to 140 IU/L); a urinary calcium of 87
mg/24 h (2.2 mmol/d) (normal, 80 to 320 mg/24 h [2.0 to 8.0
mmol/d]); and urinary phosphate of 276 mg/24 h (0.276 g/24 h

B

A

Fig. 1

Photograph of the lesion at presentation.
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or 9 mmol/d) (normal, 250 to 1000 mg/24 h [0.25 to 1.0 g/24
h or 8 to 32 mmol/d]). The results of liver and kidney function
tests were normal. The serum intact parathyroid hormone
level was 777 pg/mL (780 ng/L) (normal, 10 to 72 pg/mL [10
to 70 ng/L]), while the 25-hydroxycalciferol level was 5 ng/mL
(normal, 10 to 60 ng/mL). Dual x-ray absorptiometry showed
a substantial reduction in bone mineral density (a Z score of –
3.0 in the lumbar spine). A skeletal survey revealed a few other
lytic lesions in the pubis. A technetium bone scan revealed in-
creased uptake in the fourth metacarpal, the right pubic ra-
mus, the calvaria, the mandible, and the sternoclavicular and
costochondral junctions. She was not taking any medication
and had no history of steatorrhea. She described very little in-
gestion of food that was rich in vitamin D. The patient had
had weakness and a lack of energy on walking, especially on
climbing stairs, for the last year.

The expansile lesion of the fourth metacarpal was curet-
ted, and histologic examination showed many multinuclear
giant cells adjacent to hemosiderin granules, consistent with a
brown tumor (Figs. 3-A and 3-B). Oral calcitriol (0.5 µg daily)
and elemental calcium (3 g daily) supplementation were com-
menced for two weeks until the serum vitamin-D levels and
histopathologic evaluation were obtained. Three hundred
thousand units of vitamin D was administered intramuscu-
larly once. After discharge from the hospital, she was managed
with ergocalciferol (1000 U daily) and oral calcium (1000 mg
daily). Biochemical analysis performed three months later re-
vealed a serum calcium level of 9.6 mg/dL (2.40 mmol/L), a
phosphate level of 3.5 mg/dL (1.13 mmol/L), an alkaline
phosphatase level of 156 IU/L, and a serum intact parathyroid
hormone level of 78 pg/mL (80 ng/L). Over the next year,
while maintaining the same dose of calcium and vitamin D,
the patient had improvement in her level of energy and the ra-
diographic changes of osteitis fibrosa cystica in the metacarpal

Fig. 2

Radiograph of the right hand at presentation.

Fig. 3-A

Figs. 3-A and 3-B Photomicrographs of a 

specimen from the metacarpal lesion show-

ing numerous osteoclastic giant cells. Con-

sidered alone, the histological appearance 

can be seen in a giant-cell reparative granu-

loma, but, in the clinical context of this pa-

tient, it is almost certainly a brown tumor of 

hyperparathyroidism. Fig. 3-A After staining 

with hematoxylin and eosin (×200).
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and pubis regressed (Fig. 4). Serum calcium and phosphate
levels were normal, but the serum parathyroid hormone level
remained minimally elevated.

Discussion
steomalacia is rare in developed countries, but it is still a
problem in some areas of the world6. Dietary deficiency

of vitamin D and lack of exposure to sunlight are the main
causes. Debilitated people living indoors, people living in
high altitudes, individuals with malabsorption, and veiled
women are at risk of a vitamin-D deficiency7-9. The prevalence
of vitamin-D deficiency in the Asian immigrant population
in the United Kingdom has been reported to be as high as
24%10. In a recent Australian study, 80% of eighty-two veiled
or dark-skinned pregnant women were found to have a vita-
min deficiency11.

To our knowledge, this is the first report of a patient
with brown tumor secondary to osteomalacia due to dietary
vitamin-D deficiency and inadequate sunlight exposure. The
case illustrates that brown tumors may occur in veiled
women and that vitamin-D supplementation may have bene-
ficial effects on the clinical, biochemical, and radiographic
findings. In our patient, local surgery was required both for
diagnostic purposes and to improve the restricted hand
movement. The other brown tumors regressed, and the asso-
ciated symptoms improved substantially with vitamin-D and
calcium supplementation.

We recommend additional studies to explore the preva-
lence of vitamin-D deficiency, especially in healthy women
who do not expose themselves to sunlight for religious and
cultural reasons.  �

O

Fig. 3-B

After staining with hematoxylin and 

eosin (×400).

Fig. 4

Radiograph of the right hand made after one year of vitamin-D 

treatment.
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Current Concepts Review

Bone Morphogenetic Proteins
DEVELOPMENT AND CLINICAL EFFICACY 

IN THE TREATMENT OF FRACTURES AND BONE DEFECTS

BY M.F. TERMAAT, MD, F.C. DEN BOER, MD, PHD, F.C. BAKKER, MD, PHD, 
P. PATKA, MD, PHD, AND H.J.TH.M. HAARMAN, MD, PHD

Investigation performed at the Department of Surgery and Traumatology, VU University Medical Center, Amsterdam, The Netherlands

➤ The discovery of bone morphogenetic proteins marks a major step forward in the understanding of bone physiol-
ogy and in the development of advanced methods in skeletal surgery.

➤ The cornerstones for successful growth-factor therapy in skeletal surgery remain biomechanical stability and bio-
logical vitality of the bone providing an adequate environment for new bone formation.

➤ Knowledge of the biological characteristics, mechanisms of action, and methods of delivery of growth factors
will become essential for skeletal surgeons.

➤ The current clinical application of bone morphogenetic proteins is safe and efficacious as a result of a well-
regulated cascade of events leading to bone formation.

➤ Clinical trials have not yet determined whether different clinical indications each require a specific bone-tissue-
engineering format or if a single pathway for stimulating bone-healing with growth factors is sufficient.

The treatment of fractures remains a challenge in skeletal sur-
gery. Patients who have sustained trauma are often young and,
consequently, the medical and socioeconomic costs of frac-
tures are high1,2. As recently reported, the lifetime risk of frac-
ture is one in two for males and one in three for females.
These numbers are equivalent to the lifetime risk of coronary
artery disease and demonstrate that fractures are a substantial
public health problem2. Although the majority of fractures
heal normally, between 5% and 10% of patients have impaired
fracture-healing3.

The cornerstones for successful bone-healing are bio-
mechanical stability and biological vitality of the bone pro-
viding an environment in which new bone can form. Many
conditions, such as insufficient vascularization, infection,
mechanical instability, and systemic diseases, can impair
this environment. Improving these conditions and preventing
detrimental factors should guide surgical strategies. Increases
in the understanding of bone physiology and advancements in
biotechnology have led to a new surgical therapy for control-
ling and modulating bone-healing with growth factors.

Skeletal regeneration, or bone-healing, is a recapitula-
tion of embryonic bone development, as bone heals through
the generation of new bone rather than by forming scar tissue.
Growth factors in the transforming growth factor-β (TGF-β)
superfamily, including bone morphogenetic proteins (BMPs),

are the most intensively studied group of peptides involved in
embryogenesis and in adult bone repair and are the most
promising group of growth factors for use in the enhancement
of bone repair. The effectiveness of applying BMPs has been
extensively investigated preclinically and has led to the clinical
introduction of the most potent BMPs (BMP-2 and BMP-7).
Because the application of growth factors will play an impor-
tant role in future surgical strategies, knowledge of the biolog-
ical characteristics, mechanisms of action, and methods of
delivery will be essential.

Identification and Structure of BMPs
The phenomenon of bone induction, or osteoinduction, was
first described by Urist in 1965, after he made the key discov-
ery that new bone formation occurred locally in rodents after
intramuscular implantation of bone cylinders decalcified with
hydrochloric acid4. This phenomenon was ascribed to the
presence of a protein in bone matrix, which he named bone
morphogenetic protein5.

In the late 1980s, it was found that not a single protein
but a group of proteins in the bone matrix was responsible for
osteoinduction6,7. Since then, the structure of more than six-
teen different human BMPs has been identified with the aid of
molecular biology techniques7-10. The BMPs are designated as
BMP-1 to BMP-16 and are divided into several subtypes, ac-
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cording to structural similarity between the molecules within
each subfamily (Table I). With the exception of BMP-1, the
BMPs belong to the transforming growth factor-β (TGF-β)
superfamily, a group of growth and differentiation factors that
play an important role during embryogenesis and tissue repair
in postnatal life7,8,10-14. The role of BMPs in bone formation
during embryonic development and in adult bone-healing has
been elucidated to a large extent15,16.

Physiology of BMPs
Osteoinductive Activity
Only a subset of BMPs has the unique property of inducing
de novo bone formation, or osteoinduction, by themselves16.
BMP-2 through 7 and BMP-9 have been shown to have this
property17-26, meaning that these osteoinductive BMPs have the
capacity to provide the primordial signal for the differentia-
tion of mesenchymal stem cells into osteoblasts. After ectopic
implantation (e.g., subcutaneously in rats or intramuscularly
in baboons), individual recombinant human (rh) BMPs in-
duce endochondral bone formation. A typical sequence of
events can be observed in endochondral bone formation in-
duced by BMPs: recruitment and proliferation of monocytes
and mesenchymal cells, differentiation into chondrocytes, hy-
pertrophy of chondrocytes and calcification of the cartilage
matrix, vascular invasion with associated osteoblast differen-
tiation and bone formation, and finally remodeling of the
newly formed bone and bone marrow formation (Fig. 1)27-29.

Cheng et al. recently demonstrated, in mesenchymal
progenitor and osteoblastic cells infected by adenovirus-medi-

ated gene transfer of BMPs, the relative osteoinductivity of dif-
ferent BMPs at various stages of the differentiation process26,30.
BMP-2, 6, and 9 play an important role in the early phase of
the differentiation of mesenchymal progenitor cells to pre-
osteoblasts, while most BMPs promote the terminal differen-
tiation of these pre-osteoblasts to osteoblasts. These findings
could indicate that BMP-2, 6, and 9 may be more effective
in a situation in which pluripotent cells are present (e.g.,
application of an autologous bone transplant or recruitment
from surrounding muscular tissue). In the clinical situation of
normal fracture-healing, in which pre-osteoblasts are pre-
dominantly present, the majority of the BMPs are adequate
for promoting osteogenesis. However, the clinical relevance of
this cascade, in which different BMPs are important at various
steps in the differentiation process leading to bone formation,
remains unknown.

Interestingly, it has been demonstrated that the osteoin-
ductive activity of BMP-3 depends on the experimental condi-
tions and the stage of differentiation, as described above.
BMP-3 has been shown to be osteoinductive in vivo, but it can
also be inhibitory in the presence of other BMPs, such as
BMP-2 and BMP-7, and it is a negative regulator of postnatal
bone density in animal models26,30,31. Thus, BMP-3 appears to
lack the stimulatory role of other BMPs, but these findings
also illustrate that bone formation is the end-product of a
complex intracellular and extracellular signaling cascade in
which BMPs may have contradictory roles at different stages32.

Although more BMP subtypes have been demonstrated
to be osteoinductive, at present only rhBMP-2 and rhBMP-7

TABLE I Classification of BMPs*

BMP Subfamily BMP Molecule Synonym

BMP-2/4 BMP-2 BMP-2A

BMP-4 BMP-2B

BMP-3 BMP-3 Osteogenin

BMP-3B GDF-10

BMP-7 BMP-5

BMP-6 Vgr-1

BMP-7 OP-1

BMP-8 OP-2

BMP-8B OP-3

CDMP/GDF BMP-12 CDMP-3 or GDF-7

BMP-13 CDMP-2 or GDF-6

BMP-14 CDMP-1 or GDF-5

Miscellaneous BMP-9 GDF-2

BMP-10

BMP-11 GDF-11

BMP-15

BMP-16

*BMP-1 is not included because it is not a member of the TGF-β superfamily. It is a proteinase involved in the processing of procollagen to
collagen28,113. GDF = growth differentiation factor, Vgr = vegetal related, OP = osteogenic protein, and CDMP = cartilage-derived morphoge-
netic protein.
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have been developed and used for clinical applications26.

Receptors and Intracellular Signaling
The transforming growth factor-β (TGF-β) superfamily, of
which BMPs are members, consists of related subgroups, in-
cluding TGF-β, growth differentiation factors, activins and in-
hibins, Müllerian inhibiting substance, and the BMPs33. BMPs
exert their effects on cells by binding to specific membrane re-
ceptors, analogous to the signaling by other members of the
TGF-β family. Specific binding of individual BMPs to these re-
ceptor complexes leads to activation of the intracellular Smad-

signaling pathway that finally determines the outcome of the
signal.

Signaling by the TGF-β family occurs through type-I
and type-II serine/threonine kinase receptors, of which several
submembers have been identified. Each member of the TGF-β
family, including the BMPs, binds to a characteristic combi-
nation of type-I and II receptors, which assembles a phospho-
rylated complex. Subsequently, this complex phosphorylates
and activates receptor-regulated Smads (R-smads: Smad 1, 5,
and 8 for BMPs). The Smad pathway is regulated by mediator
Smads (Smad 4 for BMPs), inhibitory Smads (I-Smads: Smad

Fig. 1

Illustration of the mechanisms of action of BMPs in bone repair. A typical sequence of events can be observed in endochondral bone formation in-

duced by BMPs: recruitment and proliferation of monocytes and mesenchymal cells, differentiation into chondrocytes, calcification of the cartilage 

matrix, vascular invasion with associated osteoblast differentiation and bone formation, and remodeling of the newly formed bone. + = stimulating 

effect, BM = basement membrane, BMPs = bone morphogenetic proteins, TGF-β = transforming growth factor-β, IL-1 = interleukin-1, IL-6 = interleukin-

6, FGF = fibroblast growth factor, and PDGF = platelet-derived growth factor.
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6 and 7), Smad binding proteins, and protein degradation34-37.
The complex of Smad proteins are nuclear effectors, and they
determine the outcome of the signal by activating or repress-
ing target genes in the nucleus and they change the cellular
activity, including growth, differentiation, and extracellular
matrix synthesis (Fig. 2)38-40.

Growth and differentiation factors such as the BMPs
play an essential role in cellular functioning but require a
tempering of their signal for coordinated bone formation
and remodeling. This is achieved by feedback mechanisms:
extracellularly by antagonists (i.e., noggin) and intracellularly
by inhibition and modulation of the Smad-signaling path-
way41. Little is known about the downstream nuclear factors

that inhibit or stimulate the intracellular BMP signal. Hence,
BMP signaling is a complex cascade with many levels of mu-
tual interactions of the signal at extracellular, membranous,
cytoplasmic, and nuclear levels15.

Preclinical Research with BMPs
Biological Activity of BMPs
The production of individual recombinant human BMPs (rh-
BMPs) by biotechnology companies led to two important
conclusions. First, single BMPs are osteoinductive by them-
selves. Second, the osteoinductivity of a single BMP has a
dose-response ratio42,43.

Patient characteristics do not determine the efficacy of

Fig. 2

BMP signaling pathway revealing multiple regulation mechanisms at the extracellular, membranous, cytoplasmic, and nuclear levels. BMPs bind to 

a characteristic combination of type-I and II receptors, which assembles a phosphorylated complex. Subsequently, this complex phosphorylates and 

activates receptor-regulated Smads (R-smads: Smad 1, 5, and 8 for BMPs). The Smad pathway is regulated by mediator Smads (Smad 4 for BMPs), 

inhibitory Smads (I-Smads: Smad 6 and 7), Smad binding proteins (SBP), and protein degradation. The final complex of Smad proteins are nuclear 

effectors, which determine the outcome of the signal by activating or repressing target genes in the nucleus and change the cellular activity, includ-

ing growth, differentiation, and extracellular matrix synthesis. BMPs = bone morphogenetic proteins, and P = phosphorylation.
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the dose of BMPs, as these proteins act locally. Therefore, the
concentration of BMPs at the site of implantation is more
important than the total dose of the BMP. The dose of BMPs
must overcome a threshold before they can effectively induce
bone formation. If the dose of BMPs is too low there will be
inadequate bone formation, and if it is too high there will be
more bone formation and more rapid osteoinduction than
desired43. This increased bone formation eventually results in
direct (intramembranous) ossification, bypassing the inter-
mediate phase of endochondral ossification that occurs when
lower doses are used. However, with high doses of BMPs,
initial localized resorption of bone can be seen as a result of
increased osteoclastic activity, as BMPs also stimulate osteo-
clastogenesis and osteoclastic activity41,44,45. At this point, a
higher dose of BMPs has no effectiveness, as the upper bor-
der, after which no further acceleration of bone formation
occurs, has been reached43,46,47. Local overdoses of BMPs could
be expected to lead to heterotopic ossification, but this phe-
nomenon has not been shown to occur under physiological
conditions. In a mouse model of BMP-4-induced heterotopic
ossification, Glaser et al. demonstrated in vivo that hetero-
topic ossification in fibrodysplasia ossificans progressiva may
not be due to the genetic overexpression of BMP-4 but rather
to the underexpression of the extracellular antagonist of
BMPs, noggin48. Excessive ossification in this animal model
could be prevented by local delivery of noggin, illustrating
the highly regulated negative feedback mechanisms for BMPs
that prevent abnormal or heterotopic bone formation even
with high doses.

The dose of BMP needed for clinical efficacy must over-
come a threshold, and the dose-response curve becomes
steeper as one progresses from rodent to nonhuman primate
models. The latter species, which is most closely related to hu-
mans, was used to derive the human therapeutic dosage of 3.5
mg/4 mL of sterile saline solution or 0.88 mg/mL of sterile sa-
line solution for rhBMP-7 and 12 mg/8 mL of sterile water or
1.50 mg/mL of sterile water for rhBMP-2. RhBMPs are expen-
sive and are used in current clinical applications at concentra-
tions that are ten to 1000-fold higher than those of native
BMPs. These high doses of BMPs are used in an attempt to
produce a clinical effect comparable with that shown to be
osteoinductive in animal studies. The strongly regulated sig-
naling mechanisms and the rapid local and systemic clear-
ance of BMPs in higher species also necessitate higher doses. It
has also been assumed that higher species have fewer respond-
ing cells than do lower species. This raises important ques-
tions regarding combination therapies of BMPs and the
development of advanced delivery systems that are more effi-
cient and, not unimportantly, more cost-effective.

Delivery Systems for BMPs
In the early 1990s, a major hurdle was cleared with the isola-
tion, identification, and understanding of the physiological
mechanisms of BMPs. However, it became evident that local
application of BMPs is essential, as their systemic clearance is
high. The natural delivery system of BMPs (i.e., bone matrix)

is highly effective, as the proteins are incorporated into a ma-
trix that serves as a reservoir49. As mentioned above, the bio-
logical activity of rhBMPs shows a dose-response relationship
and, to increase the osteoinductive response, the activity must
be maintained over a period of time. However, local tissue
clearance of rhBMPs is rapid. Studies of animal fracture mod-
els have demonstrated that BMPs can be efficacious when ad-
ministrated locally in a formulation buffer50-53. Despite this, it
has become evident that bone repair is not efficiently stimu-
lated in larger animal models, as the BMPs are not retained at
the repair site for a sufficient period of time. Research has
been concentrated on how to deliver these proteins efficiently
at the site of implantation by varying the delivery systems. The
need to develop an adequate delivery system for BMPs has
hampered their clinical application54. In general, delivery of
growth factors has been attempted through two approaches:
(1) protein therapy, in which a recombinant protein is deliv-
ered directly to the regeneration site with or without a carrier
matrix, and (2) gene therapy, in which a protein is delivered
indirectly by its encoding gene.

Carriers
An ideal carrier material should be biocompatible, biodegrad-
able, and osteoconductive. The kinetics of a carrier have a pro-
found effect on the speed and efficacy of bone induction. The
primary function of these delivery materials is to increase the
efficacy of BMPs by preventing rapid diffusion of the induc-
tive agent away from the implant site and by providing a sus-
tained release of the protein55. With the use of a buffer delivery
system, <5% of the BMP dose remains at the application site,
whereas combinations of BMPs with gelatin foam, collagen, or
calcium phosphate pastes increase the retention to 15% to
55%56. The carrier provides an osteoconductive matrix that
stabilizes the release of BMPs and thereby lowers the required
dose57. Additional research is still required to determine the
optimal type of carrier material for the delivery of BMPs for
particular clinical indications. For the treatment of fracture
repair, the delivery must be coupled with a carrier that de-
grades rapidly, to meet the rate of new bone formation so that
remaining carrier material does not compromise the healing.
For the treatment of nonunions and for spinal fusion, the car-
rier characteristics have to include a slow release of BMPs,
with sufficient residence time and osteoconductive matrix
support for osteogenic cell infiltration and the prevention of
encroaching soft tissue55.

Many different carrier materials have been used in ani-
mal experiments. These include demineralized collagenous
bone matrix50,58-60, collagen products55,58,61, resorbable polymers
such as polylactide62,63 and polylactide-co-glycolide64-68, gelatin
hydrogels69,70, calcium phosphate ceramics such as tricalcium
phosphate71,72 and hydroxyapatite73,74, resorbable calcium phos-
phate cement (alpha-BSM)75, and combinations of these
materials76-79.

Collagen-based carriers possess the appropriate charac-
teristics, as type-I collagen, the main component of bone ma-
trix, is biocompatible and bioresorbable. Collagen provides an
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osteoconductive matrix for the ingrowth of newly formed
bone by promoting the deposition of minerals and by binding
noncollagenous matrix proteins that initiate mineralization80.
The rhBMPs available for clinical applications are delivered
in a type-I bovine collagen carrier, either a collagen sponge
(used with BMP-2) or collagen particles (used with BMP-7).
The current clinical collagen carriers release BMPs in a bulk
manner and require high doses of BMPs to produce an effect.
Collagen-based carriers are effective for the current first-
generation products, but they will need to be substantially im-
proved in order to achieve clinical efficacy at lower doses and,
therefore, at lower cost. It remains unknown if a sustained re-
lease of BMPs is required throughout the bone-healing pro-
cess, and this question must be elucidated by future research.

Gene Therapy
The limitations associated with current carrier materials, such
as immunological reactions and the inability to provide sus-
tained release of BMPs, have led to the development of ad-
vanced approaches for the delivery of BMPs81. There are two
ways to deliver the required BMP gene to the regeneration site:
it can be delivered directly to the tissue so that host cells are
transfected and express the protein (in vivo transduction)82-85,
and it can be delivered through transfection of cultured cells,
which are implanted at the regeneration site (in vitro trans-
duction) and subsequently express the protein83,86-91. The extra-
cellular signaling pathway of the BMPs advocates for the latter,
in vitro, approach, as this technique provides a well-controlled
transduction of the gene in a specific cell population that will
express the protein at the required site. Despite the potential
for using gene therapy to express growth factors, questions
concerning the safety of employing viral vectors and the influ-
ence of immunological reactions to viral proteins need to be
addressed before clinical application can be considered.

Local and Systemic Safety
Ectopic bone formation and bone overgrowth after implanta-
tion has been one of the major concerns about clinical appli-
cation of BMPs in humans. Also, systemic effects after local
implantation, such as immunogenicity and carcinogenicity,
have been evaluated intensively.

Excessive local bone formation has been reported only
after the use of very high BMP doses, and it varies among spe-
cies. Also, the excessive bone formation has been followed by
eventual remodeling to the normal bone contour42. Moreover,
bone formation requires the presence of mesenchymal cells
expressing receptors for BMP, and these are unregulated only
in specific clinical settings such as after injury92. When BMPs
are used in the current therapeutic dosages, there seems to be
a negligible risk of excessive bone formation at the implanta-
tion site93-96.

Animal studies have demonstrated that, as a result of
rapid clearance, systemic concentrations of rhBMPs are virtu-
ally undetectable after intravenous delivery. To our knowledge,
studies of the use of rhBMPs in humans have not demon-
strated any systemic toxicity thus far93,97-100.

Currently used collagen carrier materials are immuno-
genic and induce the formation of antibodies. In recent clini-
cal studies of small series, antibodies against BMPs developed
in 6% to 10% of patients and antibodies against type-I bovine
collagen developed in 5% to 20%93,96. In a study by Govender
et al., the number of patients with an immunogenic reaction
increased from one to nine when the dose of rhBMP-2 was in-
creased from 0.75 to 1.50 mg/mL96. The antibody titers were
low and transient, and this sensitization was not reported to
have any adverse effects on the bone-healing process93,96. It is
important to realize that, although sensitization was observed
in a minority of the patients in these first clinical studies, the
presence of antibodies was positively correlated with higher
doses of both BMP and collagen. It remains unknown what
immunogenic reactions will occur when even higher doses of
BMPs or collagen are applied for the first time in a patient or
for a second time in a previously sensitized patient.

The long-term effects and possible genetic alterations
due to the application of BMPs in humans remain unknown.
In vitro and in vivo studies to date have not demonstrated any
evidence of carcinogenicity, and they have even demonstrated
an antiproliferative effect on human tumors101,102. We are not
aware of any clear published data on the application of BMPs
during human pregnancy or the effect on embryonic or ado-
lescent development. Therefore, pregnancy is a contraindica-
tion to the use of BMPs, and applications in children must be
considered carefully.

Clinical Applications and 
Efficacy of BMPs (Table II)
Clinical Efficacy of BMPs for 
Stimulating Fracture-Healing
It is surprising that the effects of BMPs on fractures, poten-
tially the most common clinical indication, have been studied
only to a limited extent. BMPs and their receptors are unregu-
lated during the fracture-healing process92,103. Animal models
have demonstrated that fracture-healing can be accelerated by
the local administration of rhBMPs50,52,58,103,104. The primary goal
of the use of BMPs in fresh (open) fractures is to enhance the
fracture-healing process in order to reduce the rate of second-
ary interventions and thus to shorten the healing time96.

Riedel and Valentin-Opran performed what we believe
was the first feasibility study of the application of rhBMP-2
bound to an absorbable collagen sponge in patients with a fresh
open tibial fracture105. This clinical trial demonstrated that im-
plantation of rhBMP is surgically feasible and safe, and most
patients had primary healing without secondary interventions.

The BESTT study group evaluated the application of
rhBMP-2 in an absorbable collagen sponge (ACS) in open tib-
ial fractures with the primary end point for efficacy defined
as the percentage of patients requiring secondary intervention
within twelve months96. The patients were randomized to
three treatment groups. Group I (147 patients) had fracture
treatment with open reduction and internal fixation (the stan-
dard care) and was considered to be the control group, Group
II (145 patients) had standard care with the addition of 0.75
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mg/mL of rhBMP-2/ACS, and Group III (145 patients) had
standard care with the addition of 1.50 mg/mL of rhBMP-2/
ACS. The percentages of patients requiring secondary inter-
vention were 46%, 37%, and 26%, respectively; thus, the per-
centages were lower in both groups treated with rhBMP-2.
Compared with the control group, the group treated with 1.50
mg/mL of rhBMP-2 had a significant (44%) reduction in the
rate of secondary interventions (p = 0.0005) and a signifi-
cantly shorter healing time (145 compared with 184 days, p =
0.0022). A noteworthy limitation of the study was an im-
balance in the use of unreamed and reamed nailing, with the
latter favored in the rhBMP-2-treated groups. As multiple re-
gression analyses indicated that both reaming and rhBMP-2
independently affected the primary outcome of the fracture
treatment, the authors considered it appropriate to pool sub-
groups to assess the overall efficacy of rhBMP-2. Also, there
was a risk of verification bias in this study because the treating
surgeon, who was not blinded to the treatment assignment,
performed the final clinical and radiographic assessments of
fracture union. The implantation of rhBMP-2/ACS signifi-
cantly reduced the rate of infections in patients with a Gustilo-
Anderson type-IIIA or IIIB open fracture (p = 0.0219). The
authors attributed this observation to increased fracture sta-
bility and increased vascular supply, both of which enhanced
soft-tissue healing106.

A randomized clinical trial of the use of rhBMP-7 to
stimulate healing of fresh open fractures is ongoing, and the
preliminary results were recently presented by McKee et al.107.
Overall, 124 patients with an open tibial shaft fracture were
randomized either to a group treated with the addition of
rhBMP-7 in a type-I collagen carrier at the fracture site or to a
control group treated with normal wound closure. In this pre-
liminary report, the number of secondary interventions was
lower in the rhBMP-7 group than it was in the control group
(12% and 27%, respectively).

Clinical Efficacy of BMPs 
in the Treatment of Bone 
Defects and Nonunions
Extensive preclinical data have demonstrated the potential for
BMPs to induce healing of critically sized defects⎯i.e., de-
fects that cannot heal without exogenous osteogenic stimula-
tion61,108. In animal models with such segmental defects, the
results of BMP were equivalent to or better than those of au-
tologous bone-grafting, the standard treatment of bone de-
fects and nonunions in clinical practice61,76,108-110. These findings
demonstrated the potential for BMPs to be used as an alterna-
tive to autologous bone-grafting. This potential has been in-
vestigated intensively in recent years as bone-graft harvest
causes morbidity, such as persistent pain, numbness, or hy-
persensitivity at the donor site111.

In the late 1980s and early 1990s, Johnson et al. evalu-
ated several small series of patients in whom resistant non-
unions and segmental long-bone defects had been treated
with human BMP (hBMP)112-114. As recombinant BMPs were
not yet available, a purified mixture of BMP proteins (hBMP)
was used, in combination with insoluble noncollagenous pro-
teins; both were derived from human donor bone. At that
point in time, the risk of immunogenicity associated with
alloimplants was becoming apparent. Also, it remained un-
known which specific proteins were responsible for the osteo-
inductive activity and how this activity should be managed to
develop an applicable clinical product. However, these were
the first studies to assess purified BMPs clinically, and they
demonstrated that these alloimplants were tolerated and could
be useful in the management of difficult nonunions.

To our knowledge, Geesink et al. were the first to dem-
onstrate, in a clinical model, that recombinant BMPs can in-
duce healing of cortical bone defects in humans99. RhBMP-7
bound to collagen particles was shown to be effective in five of
six patients with a critically sized fibular defect. Only three of

TABLE II Clinical Trials of BMPs

Author Year Study Design Indication No. rhBMP

Riedel and Valentin-Opran105 1999 Feasibility study Open tibial 
fractures

12 rhBMP-2 

BESTT study group96 2002 Prospective, controlled, 
randomized 

Open tibial 
fractures

437 rhBMP-2

McKee et al. (preliminary 
report)107

2003 Prospective, controlled, 
randomized

Open tibial 
fractures

124 rhBMP-7

Geesink et al.99 1999 Prospective, double-blind, 
randomized

Fibular bone 
defects

24 rhBMP-7

Friedlaender et al.93 2001 Prospective, controlled, 
randomized

Tibial 
nonunions

124 rhBMP-7 

Johnsson et al.94 2002 Prospective, controlled, 
randomized

Posterolateral 
fusion

20 rhBMP-7

Burkus et al.122 2002 Prospective, controlled, 
randomized

Interbody 
fusion

279 rhBMP-2

Burkus et al.123 2002 Prospective, controlled, 
randomized

Anterior 
lumbar fusion

42 rhBMP-2
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six patients treated with the type-I collagen carrier alone had
bone formation. We believe that this was the first evidence of
the osteoinductive capacity and effectiveness of rhBMP-7 in
humans.

Friedlaender et al. assessed the efficacy of rhBMP-7
bound to type-I collagen (an OP-1 [osteogenic protein-1]
implant) for the treatment of established tibial nonunions by
comparing it with autologous bone-grafting, the so-called
gold standard of treatment93. The union rate was similar in the
two groups, which also did not differ with regard to clinical or
radiographic healing characteristics. Although comparative
efficacy was demonstrated, the goal of the BMP therapy, a
higher healing rate, was not achieved. Unfortunately, the au-
thors did not conduct a power analysis for their study, and the
lack of differences between the groups may have been the re-
sult of a type-II statistical error. It is interesting to speculate
that the rhBMP-7 might have been more effective, as the per-
centage of patients with atrophic nonunion was higher in the
rhBMP-7 group (41%) than it was in the group treated with
autologous bone-grafting (25%). However, no statistical anal-
ysis with adjustment for atrophic nonunion was performed.
Also, the authors chose a difficult population of patients with
nonunion to study, as the majority had had prior bone-grafting
and intramedullary rod fixation before inclusion in the study
and this could have resulted in heterogeneity of the results.
Another factor causing heterogeneity may have been the fact
that clinical and radiographic assessment of successful bone-
healing is extremely difficult and subjective in such patients115.
Friedlaender et al. did show that the risk of infection at the
implantation site was significantly lower in the rhBMP-7
group than it was in the group treated with autologous bone-
grafting (p = 0.002). The authors concluded that BMPs could
be deemed an effective alternative to autografting if the mor-
bidity associated with harvesting of the graft is taken into
consideration93.

Clinical Efficacy of BMPs in Spinal Fusion
The acceleration of spinal fusion has been extensively studied
after animal experiments demonstrated that BMPs can be
used as a replacement for, or an augmentation of, autologous
bone-grafting46,116-119. BMPs have been evaluated to determine
their osteoinductive potential in posterolateral intertransverse
and interbody fusions. Nonunion or failure to achieve a solid
bone fusion still occurs in up to 35% of patients treated with
spinal fusion120.

Burkus et al. investigated the use of rhBMP-2/ACS to
stimulate spinal fusion in a cohort of 279 patients with degen-
erative disc disease. In two prospective randomized trials, the
effectiveness, safety, and rates of osteoinduction following an-
terior lumbar interbody fusion with use of rhBMP-2/ACS
were compared with those following fusion with autologous
bone graft, with both substances placed in the hollow central
portion of an LT-Cage121,122. Plain radiographs and computed
tomographic scans were used to evaluate the pattern of os-
teoinduction in the interbody space and the progression of
fusion at six, twelve, and twenty-four months. All patients

treated with the rhBMP-2/ACS demonstrated evidence of os-
teoinduction at six months. At twenty-four months, the fu-
sion was successful in 94.5% of the patients in the BMP-2
group and 88.7% of those in the control group. This difference
was not significant. In another study, Burkus et al. investigated
the efficacy of rhBMP-2 for enhancing the incorporation of
threaded cortical allografts in forty-two patients123. At twelve
months, interbody fusion was demonstrated in 100% of the
BMP-2 group compared with 89.5% of the control group.
These studies demonstrated the effectiveness of BMPs in spi-
nal fusion and the potential for eliminating the harvest of
autograft121-123.

In a randomized trial, Johnsson et al. compared the efficacy
of rhBMP-7 with that of autologous bone-grafting for achieving
posterolateral fusion in twenty patients94. The radiostereometric
and radiographic results at twelve months showed no signifi-
cant difference between the two methods of fusion.

A major concern about the use of BMPs to enhance
spinal fusion is the risk of bone overgrowth or heterotopic os-
sification leading to spinal or foraminal stenosis. In a laminec-
tomy defect model with a dural defect in dogs, Meyer et al.
found no evidence of abnormal mineralization within the the-
cal sac or in the spinal cord after treatment with rhBMP-2124.
However, caution with regard to the use of the BMPs should
be exercised in cases of dural defects, even after repair. Rh-
BMP-7 has been approved by the Food and Drug Administra-
tion for use with lumbar interbody spinal fusion cages in the
United States. These cages have the advantage of providing
proper containment of the BMP and offering resistance to ax-
ial loading.

When BMPs are used in spinal surgery, the key consid-
erations are accurate placement of the BMP at the fusion site,
retention of the BMP by the carrier, securing hemostasis to
prevent dilution of the BMP, and limiting the exposure of
bone beyond the fusion area. It remains difficult to assess the
clinical outcomes of the use of BMPs in spinal fusion, as
objective standards for successful fusion are not available.
Current evidence indicates that BMPs can be used safely and
effectively when the above conditions have been met.

Infection
Of particular interest are the findings of reduced rates of in-
fection after treatment of fresh fractures and nonunions with
BMPs. These findings may be explained by the increased
stability created by the enhanced osteoinduction and the ac-
companying increase in the local vascular supply. Studies of
animals have also demonstrated the potential of BMPs to in-
duce bone formation in infected osseous sites, thus providing
increased callus stability125,126. This is important because insta-
bility of the fracture site has been shown to affect the healing
and progression of bone infections127.

Angiogenesis
Osteogenesis and angiogenesis are known to be mutually in-
terdependent, and BMPs have been demonstrated in vessels
during bone repair128-130. Ramoshebi and Ripamonti showed
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that implantation of BMP-7 stimulates the growth of angio-
genic sprouts toward the implant131. Although the exact mech-
anisms remain unknown, BMPs seem to vitalize the bone site
by stimulating osteogenesis, the resorption of damaged bone,
and angiogenesis.

Overview
The discovery of BMPs marked a major step forward in the
understanding of bone physiology and in the development of
advanced methods of skeletal bone surgery. These growth and
differentiation factors have a unique potential to induce new
bone formation, even at extraskeletal sites. It has taken almost
forty years since the initial discovery of these growth factors by
Urist4 for them to become available for clinical application.
The successful application of BMPs depends on elucidation
of the optimal therapeutic dosage, delivery system, and local
conditions for bone repair, and these factors are still under in-
vestigation. Basic surgical management to provide adequate
environmental conditions of the implantation site, such as
soft-tissue coverage, host-bed vitality, and biomechanical sta-
bility, remains essential.

Prospective clinical trials of BMP-2 and BMP-7 for the
treatment of fractures and nonunions, respectively, have
shown solid outcomes. Clinical trials, although still limited
in number compared with preclinical studies, have demon-
strated that BMPs are effective and safe for human applica-
tion and have an efficacy comparable with that of autologous
bone-grafting.

Growth-factor therapy with BMPs offers a new surgical
approach that can augment or even replace bone-grafting pro-
cedures. However, it must be noted that treatment of fresh
fractures with BMP in humans did not result in a significantly
higher rate of bone-healing compared with that yielded by
current treatment techniques such as autologous bone-grafting.
This finding is in strong contrast to the preclinical results in
animal studies. BMPs must be given in much higher doses to
accomplish osteoinductive activity in humans.

The first clinical studies of BMP-2 and 7 have demon-
strated that bone formation is not always consistent. Possible

explanations for this are the relative osteoinductivity of the
applied BMPs in the presence of responding cells and the time
at which the BMPs are presented locally by their carrier. An
increased understanding of these mechanisms and additional
research are still needed to develop better carrier systems and
possible combination therapies with other BMPs or growth
factors.

Future preclinical and clinical research must clarify is-
sues regarding the relative effectiveness of BMPs, the interac-
tion between BMP subtypes, and the characteristics of
responding cells in much greater detail. BMPs have great clini-
cal potential, but in the next decades we will have to discern
whether there is a single pathway to efficient bone-healing
or whether different clinical situations require specific bone-
tissue-engineering formats.
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Malunion and Nonunion 
of the Metacarpals 

and Phalanges
BY DAVID RING, MD

An Instructional Course Lecture, American Academy of Orthopaedic Surgeons

The management of nonunion and 
malunion is more complex in the hand 
than it is elsewhere in the skeleton. 
Good hand function depends on the 
gliding of complex flexor and extensor 
tendon mechanisms, joint mobility, 
sensibility, good skin cover, and ade-
quate vascularity. Preexisting problems 
related to any of these factors may limit 
the usefulness of the digit, and opera-
tive interventions can cause additional 
scarring and dysfunction. Conse-
quently, the management of nonunions 
and malunions in the hand is predi-
cated on a careful analysis of the risks 
and benefits of operative intervention 
as well as the functional goals and the 
likelihood that operative intervention 
can achieve them. 

Nonunion
Nonunion is unusual in the metacar-
pals and phalanges and, when it occurs, 
it is frequently associated with a com-

lish the presence of a nonunion in a 
bone in the hand. The radiographic 
appearance alone is unreliable. It has 
long been recognized that fracture lines 
can be seen radiographically for up to 
a year in a hand fracture that will sub-
sequently heal uneventfully2,3 (Figs. 1-A, 
1-B, and 1-C). Instability, deformity, 
and implant failure (after operative 
treatment) are more reliable clinical 
indicators of nonunion (Figs. 2-A, 2-B, 

and 2-C). Persistent pain in the hand 
after an injury is multifactorial, but 
pain should increase the suspicion of 
a nonunion. 

In 1935, Smith and Rider pre-
sented a detailed radiographic analysis 
of 100 consecutive phalangeal fractures3. 
They observed delays in radiographic 
union of as long as fourteen months and 
concluded that the average time before 
patients have radiographic evidence of 
plex injury or a treatment complica-
tion. Commonly associated problems 
include nerve injury, tendon adhesions, 
joint stiffness, infection, and bone loss1. 
As a result, the nonunion may not be the 
most important problem, and therefore 
salvage procedures, such as arthrodesis, 
and amputation are considered as often 
as are attempts to achieve union. 

It is difficult to definitively estab-

Fig. 1-A

Eight months after replantation of the index, long, and ring fingers in this patient, the fracture 

lines are still radiographically distinct. 
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complete healing is five months; clini-
cal evidence of union (defined as the 
patient’s ability to return to his or her 
usual occupation) is apparent in about 
one-fourth of the time required before 
radiographic union is observed; and, on 

the basis of radiographic evaluation, “it 
cannot be assumed that there is a lack of 
bony union until at least one year’s time 
has elapsed.”

Hypertrophic and synovial non-
unions are unusual in the hand1. The 

majority of nonunions in the hand are 
atrophic, and many are associated with 
bone defects. Infected nonunions are 
also seen. Most nonunions follow oper-
ative treatment, and many can be re-
lated to technical shortcomings such 
as fixation of the fracture in a distracted 
position or the combination of a de-
vascularizing exposure and inadequate 
fixation1. 

Prolonged immobilization is not 
warranted for a delayed union in the 
hand, primarily because the hand can-
not tolerate immobilization; it becomes 
permanently stiff after a relatively short 
duration of inactivity. Immobilization 
for more than six weeks is rarely justi-
fied. Exercises are generally advanced 
in spite of the radiographic appear-
ance3. The role of ultrasound or elec-
trical stimulation of fracture-healing 
in the hand is limited as these modali-
ties require the digit to be immobilized, 
which is contraindicated because of its 
effect on overall hand function. Also, 
most nonunions are atrophic and these 
modalities are less effective for atrophic 
nonunions. Nonunions in the hand are 
usually associated with other problems, 
such as tendon adhesions or joint con-
tracture, that require operative treat-
ment, and usually all of the patient’s 
hand-related problems can be opera-
tively managed at the same time. Oper-
ative intervention is undertaken when 
there are clinical and radiographic signs 
of nonunion. 

Amputation is preferred for non-
unions associated with permanent sen-
sory loss in the finger, chronic infection, 
severe stiffness, or poor skin coverage. 
In general, the finger is a liability when 
it is being effectively excluded or by-
passed during functional tasks, and it 
is likely to remain a liability even if the 
bone unites. Stiff fingers and fingers 
that require protection often lead to 
stiffness in adjacent fingers, which fur-
ther compromises hand function. The 
removal of the offending finger usually 
improves the function of the hand, and 
recovery is rapid. 

Arthrodesis is useful for treat-
ment of periarticular or intra-articular 
nonunions when the involved joint is 
stiff. The stiff joint is unlikely to regain 

Fig. 1-B

The middle phalanx of the index finger was unstable and began to drift ulnarward. The other frac-

tures were stable and showed advancing signs of healing. 

Fig. 1-C

The periarticular nonunion of the middle phalanx of the index finger was treated with distal inter-

phalangeal arthrodesis. The fractures of the long and ring fingers are seen to be completely 

healed radiographically more than one year after the injury. 
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useful motion even if the fracture heals. 
Arthrodesis of the stiff joint allows the 
internal fixation to cross the joint, 
which facilitates stable internal fixa-
tion. The internal fixation device can 
be longer than an implant used to sta-
bilize a periarticular or intra-articular 
fracture without fusion of the adjacent 
joint. When an arthrodesis is combined 
with treatment of a nonunion, both the 
joint and the nonunion must be 
débrided, bone-grafted, and stabilized. 

Internal fixation and autogenous 
bone-grafting to obtain union is re-
served for digits that will provide useful 
function once the fracture has healed. 
In most cases, tenolysis and arthrolysis 
are needed both to improve the func-
tional result and to limit stresses on the 
implants during active motion1-4. The 
operative fixation of the nonunion and 
the required releases can and should be 
done at the same time.

Stable and strong internal fixa-
tion is required to maintain alignment, 
achieve healing, and allow immediate 
functional exercises after the tenolysis 
and arthrolysis. As a general rule, it is 
advisable to treat nonunions with an 
implant that is slightly larger than an 
implant that would be used for a frac-

ture of the same bone5. For example, a 
nonunion of a phalanx is treated with a 
plate with 2.0-mm screws rather than 
with the 1.5-mm screws that are typi-
cally used for most acute fractures of 
the phalanx. Nonunions near the joint 
can be secured with a T-shaped plate, a 
small blade-plate, or a plate with fixed-
angle screws.

Autogenous bone is still the stan-
dard for grafting, particularly in the 
hand. Nonstructural (cancellous) bone 
graft provides adequate stimulation of 
healing in most cases. Structural (corti-
cocancellous) bone grafts facilitate shar-
ing of the mechanical loads with the 
implants (Fig. 3). A semistructural graft 
can be fashioned from compacted can-
cellous bone graft: a 1.0-mL tuberculin 
syringe is used to compress the cancel-
lous bone graft and compact it into a 
bone peg that can be placed into a defect 
and engage the medullary canals of both 
fragments (Figs. 4-A through 4-G). 

Fig. 2-A

Figs. 2-A, 2-B, 

and 2-C A com-

plex comminuted 

fracture of the 

proximal phalanx 

was repaired with 

a condylar blade-

plate. Fig. 2-A In-

creasing ulnar-

ward deformity 

indicated an un-

stable nonunion. 

Fig. 2-B

Fig. 2-B The plate did not break, but it did pull out of the distal fragments. Fig. 2-C The  

proximal interphalangeal joint was very stiff, and the finger with the nonunion was 

salvaged with an arthrodesis of the proximal interphalangeal joint with use of a 2.0-mm 

plate and screws.

Fig. 2-C
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Infected nonunions are treated 
with parenteral antibiotics and débri-
dement of infected and devitalized 
bone and soft tissue. Temporary exter-
nal fixation or a wire cement spacer 
can be used to maintain length and 
alignment during this period. Stable, 
compliant, well-vascularized skin cov-
erage is necessary and may require 
ancillary skin procedures. Once the 
milieu has been optimized, internal 
fixation and autogenous bone-grafting 
can be performed. 

There are few published reports 
of the results of treatment of metacar-
pal and phalangeal nonunions. Jupiter 
et al.1 described twenty-five consecutive 
delayed unions and nonunions (six-
teen in the phalanges and nine in the 
metacarpals) in twenty-three patients, 
excluding those with nonunion associ-
ated with bone defects or replantation. 
In contrast to Smith and Rider3, Jupiter 
et al. defined a delayed union as lack of 
osseous consolidation on radiographs 
made four months after the injury, ar-
guing that immobilization for longer 
than four months would seriously 

compromise function. In their study, 
fifteen fractures were the result of a 
complex injury mechanism (six were 
machine-related, eight were crush in-
juries, and one was a gunshot injury). 
Thirteen fractures were open, and two 
were infected. Twelve patients had ten-
don injuries, six had substantial soft-
tissue loss, and four had a nerve injury. 
Only ten nonunions were unstable. 
This finding, combined with the fact 
that Jupiter et al. diagnosed nonunion 
relatively earlier than did Smith and 
Rider, suggests the possibility that they 
overinterpreted delayed radiographic 
consolidation. A variety of treatment 
techniques were used in the study by 
Jupiter et al., and, while the results of 
plate-and-screw fixation (with tenoly-
sis, arthrolysis, and bone-grafting) 
seemed to have achieved a more func-
tional digit than did Kirschner wire 
fixation, treatment resulted in few 
digits with good function. Thus, non-
union in the hand is typically such a 
complex problem that even optimal 
treatment cannot be expected to result 
in a well-functioning digit.  

Malunion
Malunion of a bone in the hand pre-
sents a combined functional and aes-
thetic problem. For instance, slight 
overlap of adjacent digits due to rota-
tional malunion may be unsettling 
and unsightly but it is consistent with 
good hand function. However, sub-
stantial overlap with finger flexion can 
be quite dysfunctional. Similarly, a pa-
tient with a malunion associated with 
a substantially angulated fracture of 
the metacarpal neck of the small fin-
ger (a so-called boxer’s fracture) may 
be upset that the knuckle has seemingly 
changed positions (sunken knuckle), 
but hand function is usually normal 
or nearly normal6-8. Likewise, a more 
proximal diaphyseal malunion of the 
small-finger metacarpal can contrib-
ute to tendon imbalance and flexion 
contracture of the proximal interpha-
langeal joint, but the hand may func-
tion very well9. 

While most malunions involve 
a combination of rotational or angular 
deformities, shortening, and/or arti-
cular incongruity, usually there is one 

Fig. 3

The use of corticocancellous bone grafts can enhance immediate stability of the nonunion, 

thereby facilitating rehabilitation. A: Irregular and atrophic aspects of the nonunion are resected. 

B: The ends are prepared so that they will lie flush with a corticocancellous bone graft. C: The 

fracture and graft are stabilized with a plate. (Reprinted, with permission, from: Stern P. Fractures 

of the metacarpals and phalanges. In: Green DP, Hotchkiss RN, Pederson WC. Green’s operative 

hand surgery. 4th ed. New York: Churchill Livingstone; 1999. p 755.)
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Fig. 4-A

Figs. 4-A through 4-G A cancellous bone graft can be compacted into a semistructural cylinder (case 

courtesy of Jesse B. Jupiter, MD). Fig. 4-A A complex thumb injury with bone and skin defects was 

treated with external fixation. Fig. 4-B The skin defects were grafted, and a bone defect resulted in a 

nonunion at the base of the proximal phalanx. 

Fig. 4-B

Fig. 4-C

As part of the operative treatment of the nonunion, a 1-mL tuberculin syringe was used to compress the cancellous bone graft (Fig. 4-C), which cre-

ated a relatively compact and solid core of bone (Fig. 4-D). 

Fig. 4-D
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major component to the deformity 
that is causing the functional problem 
and leading to the consideration of op-
erative intervention4,10.

Strauch et al. examined the rela-
tionship between shortening of the 
metacarpal and an inability to fully 
extend the metacarpophalangeal joint 
(extensor lag) in a study of cadavera9. 
They observed an average 7° lag for 
every 2 mm of shortening. They spe-
culated that the fact that this amount 
of lag is not usually observed clinically 
may be related to the capacity of 
the metacarpophalangeal joint to 
hyperextend. 

Vahey et al.11 performed a similar 
cadaver study to determine the effect 
of shortening and angulation of the 
proximal phalanx on extensor lag at the 
proximal interphalangeal joint. A lin-
ear relationship was observed between 
the lag and shortening (12° of lag/1 mm 
of shortening), and increased angula-
tion was seen to result in a proportion-
ately increased lag (Fig. 5).

Surgeons have debated about 

whether it is preferable to correct the 
malunion at the site of the fracture4,12 
or to perform a corrective procedure 
at a separate site10,13. For instance, mal-
rotation of a phalangeal fracture can be 

addressed with a rotational osteotomy 
of the metacarpal13-16. The advantages 
of correction at the site of the original 
fracture are that the procedure can ad-
dress combined deformity, provide the 
ability to perform tenolysis and capsu-
lolysis, and avoid the zigzag finger 
deformity that can occur when a com-
pensatory deformity is intentionally 
created at the metacarpal to address a 
phalangeal deformity4. In addition, only 
relatively minor corrections are possible 
(about ≤15°) through the metacarpal16. 
However, metacarpal rotational osteot-
omy is technically easier and avoids ad-
ditional handling of the extensor hood 
over the phalanges, which can increase 
stiffness14. I prefer to perform correc-
tive osteotomy at the original fracture 
site when feasible. 

Correction of the deformity at 
the site of the malunion can be accom-
plished with a closing or an opening 
wedge osteotomy. A closing wedge os-
teotomy is easier and avoids the need 
for bone graft, but it shortens the digit4. 
A structural bone graft is not necessary 
with an opening wedge osteotomy if se-
cure fixation with a plate and screws is 
accomplished, but a cancellous bone 
graft should be used4. 

Rotational malalignment of the 
digit can be addressed with an osteot-
omy at the base of the metacarpal. Fixa-

Fig. 4-F

Although the hand remained stiff, the thumb was made stable. 

Fig. 4-E

The core of bone was inserted 

into the fracture site and the med-

ullary canal of the phalanx. The 

fracture was stabilized with a 2.0-

mm condylar blade-plate. 
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tion with Kirschner wires is easier to 
adjust than is plate fixation13, but stable 
plate-and-screw fixation allows exer-
cises of the hand to begin immediately 
to limit stiffness. Alternatively, a rota-
tional step-cut osteotomy can be per-
formed at the diaphyseal level and can 
be fixed with a cerclage wire14. 

Gross and Gelberman16 per-
formed experiments on cadavers to 
determine the maximal rotational cor-
rection of a phalangeal malunion that 
can be achieved with a metacarpal 
osteotomy. The deep transverse meta-
carpal ligament limits maximum rota-
tion. They thought that, with the use 
of Kirschner wires and protractors, it 
was possible to correct up to 18° of mal-
rotation in the index, long, and ring fin-
gers and up to 30° of malrotation in the 
small finger, depending on the direction 
of the malrotation. 

The timing of operative interven-
tion is important. If fracture malalign-
ment is addressed within ten weeks 
after an injury, it is often possible to 
recreate the original fracture line by 
mobilizing the fracture callus4,17,18. When 
there is enough malalignment to pre-
dict functional loss, there is no value in 
waiting to perform the correction (Figs. 
6-A, 6-B, and 6-C). However, observa-
tion of lesser deformities to estimate the 
degree of dysfunction is appropriate.

Articular fracture malalignment 
presents a particular challenge. It is 

technically easiest to obtain a correction 
when the operation is done before com-
plete fracture-healing has occurred. 
Osteonecrosis and nonunion have not 
been observed in series with a limited 
number of patients17,18. For patients with 
a mature malunion, an extra-articular 
osteotomy is often sufficient to improve 

finger alignment. Severe articular mal-
unions with arthrosis are best treated 
with arthroplasty or arthrodesis.

Teoh et al.19 introduced a useful 
technique for osteotomy for a malunited 
unicondylar fracture of the phalangeal 
head. Their technique involves an inter-
condylar wedge resection combined with 
a sliding osteotomy of the malunited 
condyle and supporting cortex (Fig. 7). 
This creates a larger fragment that is 
easier to manipulate and to repair with 
screws. 

Buchler et al.4 reviewed the results 
in fifty-seven patients in whom a total 
of fifty-nine osteotomies had been per-
formed to correct deformities in one or 
more planes. The osteotomy was done 
at the site of the malunion, and 50% of 
the patients had a concomitant teno-
capsulolysis. Osseous union was ob-
tained in all patients, and satisfactory 
correction was achieved in 76%. A net 
gain in motion was observed in 89% of 
the patients.

Trumble and Gilbert20 described 
eleven patients who had been treated 
with an extra-articular osteotomy se-

Fig. 5

Shortening or angulation of the proximal phalanx can lead to an extensor lag of the proximal in-

terphalangeal joint. (Reprinted, with permission, from: Vahey JW, Wegner DA, Hastings H 3rd. Ef-

fect of proximal phalangeal fracture deformity on extensor tendon function. J Hand Surg [Am]. 

1998;23:674.) 

Fig. 4-G

The thumb was relatively functional, given the complexity of the initial injury. 
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Fig. 6-A

Fig. 6-A A twenty-five-year-old man was seen four weeks after a fracture of the distal phalanx. The deformity was thought to be inconsistent with 

good finger function. Fig. 6-B An open reduction was performed prior to complete fracture-healing. Fig. 6-C The fracture healed in good alignment, 

and functional motion was achieved. 

Fig. 6-B Fig. 6-C

Fig. 7

Unicondylar malunions can be difficult to han-

dle. a: Osteotomy of the fracture fragment 

creates a small, articular fragment that can 

be difficult to secure internally and may be 

more susceptible to osteonecrosis. b: An al-

ternative suggested by Teoh et al.19 is to re-

sect a wedge of bone between the condyles. 

c: Next, a counter cut is made at the diaphy-

seal level, and the entire malunited condyle is 

advanced. d: The larger fragment thus cre-

ated is easier to manipulate and secure. (Re-

printed, with permission, from: Teoh LC, Yong 

FC, Chong KC. Condylar advancement osteot-

omy for correcting condylar malunion of the 

finger. J Hand Surg [Br]. 2002;27:31.)
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cured with a plate and screws to correct 
a complex phalangeal malunion. Union 
and correction of the deformity were 
achieved in all patients. The average 
gain in motion at the proximal and dis-
tal interphalangeal joints was 15° and 
10°, respectively. 

Overview
Nonunions and malunions in the hand 
present challenges that differ from 
those created by similar problems at 
other skeletal sites. A poorly function-
ing finger may represent a liability to 
the hand, and achievement of union or 
improved alignment alone may not be 
sufficient to justify retention of the 
digit. Similarly, with periarticular non-
unions, the high likelihood of severe 

stiffness of the adjacent joint after 
union of the fracture often makes ar-
throdesis a more appealing option. 
Even when union, stability, and im-
proved alignment are achieved, the ma-
jority of fingers will remain stiff and 
have limited function. Operative inter-
vention to treat nonunion and 
malunion in the metacarpals and pha-
langes is worthwhile only when the 
goals of intervention are well defined 
and achievable.
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Leadership in Orthopaedics: 
Taking a Stand to Own the Bone

AMERICAN ORTHOPAEDIC ASSOCIATION POSITION PAPER

Orthopaedists claim to “own the bone,” 
and with good reason. Advances such 
as joint replacement surgery and im-
proved fracture fixation have reduced 
disability and enhanced quality of life 
for millions of Americans.

Unfortunately, health care policy 
makers do not see our successes the way 
we do. While we see the glass as half full, 
they see it as half empty. American 
health care, they believe, faces a quality 
crisis. Despite extraordinary innova-
tion in medical science, most patients 
are not receiving the care they should be 
getting. Recent research by the RAND 
Corporation has led to the conclusion 
that a typical American’s likelihood 
of receiving the right care at the right 
time is little better than 50-501. The 
orthopaedic results cited in the RAND 
report1 are even more discouraging: 
only 23% of patients with a hip frac-
ture, for example, received the care 
recommended on the basis of good 
practice standards.

The quality of orthopaedic care is 

the subject of two recent major publica-
tions, the first of which is Bone Health 
and Osteoporosis: A Report of the Sur-
geon General2. The Surgeon General’s 
report makes it clear that bone health, 
fragility fractures, and osteoporosis are 
among the most important health is-
sues that Americans face today. An esti-
mated 10 million Americans over the 
age of fifty have osteoporosis, and 34 
million more are at risk. Each year, an 
estimated 1.5 million Americans sustain 
an osteoporosis-related fracture, often 
leading to a downward spiral in physical 
and mental health. “Much of the bur-
den of bone disease can potentially be 
avoided,” the report states, “if at-risk 
individuals are identified and appropri-
ate interventions . . . are . . . timely . . . 
Health care providers frequently fail to 
identify and treat individuals at high 
risk for osteoporosis or other disorders 
of bone . . . One of the most important 
flags is a previous fragility fracture.” 

The American Orthopaedic Asso-
ciation (AOA) properly sees this report 

as a call to action, particularly in the 
area of the treatment and prevention of 
fragility fractures. It is time for the or-
thopaedic surgeon to acknowledge the 
Surgeon General’s concept that a coor-
dinated public health approach that 
brings together a variety of public and 
private sector stakeholders in a colla-
borative effort is the most promising 
strategy for improving bone health of 
Americans.

A second report, entitled The 
State of Health Care Quality 2004 and 
published by the National Committee 
for Quality Assurance (NCQA)3, lends 
weight to the Surgeon General’s Re-
port. NCQA is a nonprofit organiza-
tion that accredits and certifies health 
care organizations. It developed the 
Health Plan Employer Data and Infor-
mation Set (HEDIS) measures, a tool 
that defines how health plans evaluate 
themselves in key areas of clinical care 
and customer service. One of NCQA’s 
newest measures is “Osteoporosis Man-
agement in Women Who Have Had 

http://www.ejbjs.org


1390

 TH E JO U R NA L OF BONE & JOINT SURGER Y ·  JBJS .ORG

VO LU M E 87-A ·  NU M B E R 6 ·  JU N E 2005
LE A DERSH I P IN OR TH OPA E D ICS:  
TA K I N G A ST A N D TO OW N THE BON E

Fractures.” This measure documents 
the percentage of women sixty-seven 
years of age and older who are diag-
nosed with a fracture and who subse-
quently receive either a bone mineral 
density test or prescription treatment 
for osteoporosis within six months af-
ter the fracture. In this respect, ortho-
paedics received a black eye: compliance 
was demonstrated in only 18% of cases. 

Meanwhile, the government is 
pointing to the need for a greater 
focus on the outcomes of care. Mark 
McClellan, MD, PhD, Administrator 
of the Centers for Medicare & Medic-
aid Services (CMS), recently stated, 
“It is time that we pay for quality of 
the health care provided to our benefi-
ciaries, not simply the amount (of care 
provided). We are working to apply 
this in every setting in which Medicare 
and Medicaid pays for care.”4

 In keeping with this new direc-
tion, CMS is considering alternative re-
imbursement mechanisms, the most 
promising of which will likely include 
pay-for-performance and disease man-
agement. Herb Kuhn, MD, Director of 
Medicare Services for CMS, made the 
point in his March 15, 2005, testimony 
before the House Ways and Means 
Committee. “Government policies,” 
he said, “should support a health care 
system that provides doctors and pa-
tients with the ability to make effective 
decisions on the basis of the best scien-
tific evidence about benefits and costs. 
In cases where there are clear opportu-
nities to pay for better results, rather 
than simply for more services, perfor-
mance-based payments may be an 
important element in our efforts to 
support the right services and higher 
quality for our beneficiaries.”

If these ideas gain acceptance, 
physicians will no longer be paid for 
units of care (e.g., visits, admissions, 
and surgical procedures) but for appro-
priate performance. And unless we act 
decisively, there is a substantial risk that 
the federal government will impose 
new, performance-based models and 
measures without consulting us.

For example, CMS recently part-
nered with Premier, a nationwide alli-

ance of not-for-profit hospitals, to 
conduct a demonstration program de-
signed to improve the quality of inpa-
tient care for Medicare beneficiaries by 
providing financial incentives. Under 
this initiative, about 300 hospitals are 
providing data on thirty-four quality 
measures related to five clinical condi-
tions: heart attack, heart failure, pneu-
monia, coronary artery bypass graft, 
and hip and knee replacements. Im-
portantly, orthopaedics played only a 
limited role in establishing the quality 
measures for hip and knee replacement 
being used in this critical demonstra-
tion project.

Will we remain on the sidelines 
and allow others to define quality and 
best practices for our patients? Or will 
we take a broader view that encom-
passes disease management and re-
sponsibility for clinical outcomes?

Although the prospect is chal-
lenging, we have a great advantage. 
When a fracture occurs, the patient first 
turns to us. The way in which we man-
age fragility fractures can be our “pay-
for-performance calisthenics.” Success 
in this area can lead to a broad role in 
shaping American health care and the 
future of our profession. Fragility frac-
tures offer orthopaedics the opportu-
nity to learn how to build a coordinated 
public health approach to this prob-
lem—one that brings together public 
and private stakeholders and that charts 
the future for orthopaedics in a world 
of pay-for-performance and disease 
management.

As we begin this work, we should 
also draw on the experience of others. 
A growing body of data confirms that 
coordinated public health initiatives, 
led by a dedicated champion, can have 
a dramatic impact on patient care. Con-
sider, for example, the recent striking 
drop in cardiac mortality. A decade 
ago, most patients with myocardial 
infarctions were not treated with beta-
blockers, much less statins, ACE (angio-
tensin-converting enzyme) inhibitors, 
or nicotine-replacement therapy, all of 
which were known to reduce the inci-
dence of second heart attacks. The 
American Heart Association (AHA) 

recognized that journal articles, con-
tinuing medical education, and similar 
traditional strategies were not suffi-
cient to improve care. AHA initiated 
its “Get with the Guidelines” program5, 
a web-based treatment, tracking, and 
educational tool focused on improving 
post-discharge care of patients who 
have had a heart attack. The results have 
been extraordinary. The NCQA report 
indicates that, in 2003, 92.9% of Medi-
care recipients received beta-blocker 
treatment following a heart attack. This 
dramatic turnaround happened be-
cause cardiologists took a leadership 
role and orchestrated a multispecialty 
approach to diagnosing and treating 
heart disease. AHA estimates that 100% 
compliance with this guideline could 
save up to 80,000 lives per year6.

 The orthopaedic surgeon can 
take advantage of a sentinel event, the 
fragility fracture, and use the discharge 
process to educate patients on the larger 
issue of bone health and osteoporosis 
as they relate to prevention of secon-
dary fractures. But to do this, we must 
first find ways to broadly and consis-
tently apply what we already know 
about the care of fragility fractures in 
the clinical setting. This will require 
that we translate the information in 
the Surgeon General’s report and in 
evidence-based guidelines developed 
by the National Osteoporosis Founda-
tion into process, performance, and 
outcome measures. We must also de-
velop information technology systems 
that measure compliance as well as 
process, performance, and outcomes. 
We must forge partnerships with other 
professionals, particularly primary 
care physicians. Finally, we must de-
velop strategies for measuring the cost-
effectiveness of our interventions. All 
of this must be done with a firm un-
derstanding that our professional col-
leagues are already overworked. Our 
goal must be to help orthopaedists to 
work smarter, not harder.

Orthopaedists must take owner-
ship of the bone for the good of our pa-
tients, medical institutions, and the 
nation’s health as well as for the profes-
sion. We can sit back and allow others 
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to determine how we deliver care, or 
we can step forward and play a leading 
role. Do we want to remain spectators, 
or are we ready to join the game? 

NOTE: Contributors to this paper include Laura L. Tosi, MD,
Stuart A. Hirsch, MD, Kenneth J. Koval, MD, Stephanie E.
Mercado, and Louis U. Bigliani, MD.
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Symposium

Evaluating the Flood of Orthopaedic 
Media and Marketing Information*

BY JOHN M. PURVIS, MD (MODERATOR), A. HERBERT ALEXANDER, MD, 
THOMAS A. EINHORN, MD, AND LETHA Y. GRIFFIN, MD

Patients, physicians, and the general 
public have increasingly greater access 
and exposure to orthopaedic informa-
tion from a wide variety of sources. 
Some information is biased or commer-
cial, while other information is evi-
dence-based and accurate. The dividing 
lines may not always be clear to medical 
professionals or to consumers. This 
symposium considers the accuracy, 
availability, and influence of informa-
tion that is available to patients on the 
Internet and observes the role of direct 
marketing to the public by the ortho-
paedic industry and pharmaceutical 
companies. Media coverage of ortho-
paedic topics, including what the media 
looks for in press releases, how the me-
dia interprets and presents the material 
provided to them, and how the public is 
impacted by such coverage, is also dis-
cussed. Furthermore, the validity of or-
thopaedic industry advertisements 
directed to physicians, as well as the role 
of industry in driving the focus of non-
peer-reviewed publications and po-
dium presentations, is considered.

Victim of Medical Misinformation 
on the Web-—The Patient
The Internet, radio, television, and 
print media have overwhelmed the 
American public with medical infor-
mation. When it is incorrect or mis-
leading, patients become victims of 
medical misinformation. The conse-
quences can be considerable and have 
negatively affected many doctor-patient 
relationships. As an example, a patient 
may read a nonvalidated infomercial in 
a magazine while on an airplane flight 
and develop erroneous opinions about 
diagnoses or treatments. A subsequent 
visit to a qualified physician may then 
be made difficult for the patient by 
conflicting opinions, the need for po-
tentially awkward re-education, and by 
considerable skepticism. In contrast, a 
patient who has previously obtained 
accurate and understandable medical 
information can be an active partici-
pant in shared decision-making with a 
physician. 

A frequent source of medical in-
formation, the Internet, may be as likely 
to help as it is to hurt. Beredjiklian et al. 
described the case of carpal tunnel 
syndrome1. The authors looked at 175 
unique web sites and rated them with 

regard to mean informational value. On 
a scale of 100, the average score was 
28.4, or a little less than one of three 
web sites had information that was of 
use or was accurate. This is important 
because, as demonstrated by the results 
of a survey by Murray et al., many peo-
ple are influenced by medical informa-
tion found on the Internet2. Of the 1050 
physicians who responded to their sur-
vey (a response rate of 53%), 85% 
stated that they had experienced an epi-
sode in which patients brought in some 
information that they had found on the 
Internet. Thirty-eight percent of the 
physicians found that the visit was less 
efficient because of this information, 
45% said that it did not make a differ-
ence, and 16% stated that the visit was 
improved. The authors concluded that 
accurate, relevant information helped 
and that inaccurate, irrelevant informa-
tion harmed the health care, the out-
come, and the relationship as well as 
wasted the doctor’s time. 

Assessing Web-Site Quality
There have been attempts to regulate 
the quality of medical information on 
the Internet. Health on the Net Founda-
tion is a seven-person Geneva-based 

*Presented at the Annual Meeting of the Ame-
rican Orthopaedic Association, Boston, Massa-
chusetts, June 24, 2004.
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panel that evaluates the accuracy of 
medical web sites. Health on the Net ac-
credits health-care web sites and allows 
them to display the Health on the Net 
Foundation logo. However, the logo is 
easily downloadable, and there has been 
a proliferation of web sites displaying 
the logo without accreditation. Cur-
rently, there is no good way for the pub-
lic to assess web-site quality. As of 2002, 
there were ninety-eight instruments 
that assessed web-site quality. Forty-
seven of them existed in 1998, and fifty-
one are new3. Unfortunately, only five of 
them provided information by which 
they could be evaluated. 

Even if there were good tools to 
assess the quality of medical web sites, it 
is doubtful that users would take advan-
tage of them. Eysenbach and Kohler 
asked twenty-one people who were un-
familiar with general medicine to look 
up a health topic on the Internet4. They 
took an average of five minutes and 
forty-two seconds to find this informa-
tion. The volunteer subjects judged the 
credibility of the information by the 
source; by whether the web site was 
professionally designed, looked scien-
tific, or had an official touch; and by the 
ease of use. None of them checked 
“about us” (the disclaimers that were 
published on the web site) nor did they 
look at any of the disclosures. A few 
minutes afterward, none remembered 
the web sites where they had found 
their information.

What about academic ortho-
paedic sites? In 2001, Rozental et al. did 
a search to determine whether the 154 
orthopaedic residency training pro-
grams had web sites5. They found that 
113 had such a site. Fifty-six percent 
listed the faculty, and 43% provided 
telephone numbers and location. Only 
12% of them provided good informa-
tion on orthopaedic conditions, and 
only 4% had links to good web sites for 
medical information for patients. Thus, 
academic orthopaedic sites in 2001 
were missing a great marketing and ed-
ucational opportunity for patients. 

Patients may also be the victims 
of medical misinformation pertaining 
to homeopathic medicine. Morris and 

Avorn examined 443 web sites dealing 
with eight different herbal supple-
ments6. Fifty-five percent claimed to 
treat, prevent, diagnose, or cure a spe-
cific disease. Fifty-two percent of them 
were breaking the law. They had health 
claims but omitted the required Food 
and Drug Administration disclaimer. 

What Orthopaedists Can Do
To help to combat medical misinforma-
tion on the Internet, there are some 
simple things that orthopaedic sur-
geons can do. They can advocate that 
patients use only reputable web sites, 
such as the American Academy of Or-
thopaedic Surgeons (AAOS) web site 
“Your Orthopaedic Connection” 
(orthoinfo.aaos.org). Web sites for cli-
nicians and orthopaedists, such as those 
readily available through AAOS, can 
provide reliable medical information or 
a link to the AAOS “Your Orthopaedic 
Connection.” Such a web site can be 
publicized through business cards, let-
terheads, and listings in the telephone 
book. Appointment receptionists can 
direct patients to the web site before 
their visit. Also available through the 
AAOS is a prescription pad, “Rx for Pa-
tient Education,” that directs patients to 
the AAOS web site “Your Orthopaedic 
Connection.” 

Direct-to-Consumer Marketing
An immediate concern among all 
health providers is the impact of direct-
to-consumer advertisements for pre-
scription drugs and, more recently, 
medical devices. Pharmaceutical com-
panies and device manufacturers regu-
larly advertise their products directly to 
patients on the radio, television, the In-
ternet, newspapers, and magazines. 
Some orthopaedic device manufactur-
ers are now advocating specific surgical 
procedures directly to consumers. The 
patients of orthopaedic surgeons now 
specifically ask for a particular drug or 
device. 

The expansion in direct-to-
consumer advertising is largely due to a 
1997 change in the United States Food 
and Drug Administration guidelines. 
Although direct-to-consumer market-

ing was actually authorized prior to 
1997, pharmaceutical companies and 
device manufacturers were not certain 
of what was permissible. Following the 
release of the Food and Drug Adminis-
tration guidelines, spending on direct-
to-consumer advertising increased 
from $791 million in 1996 to just un-
der $2.5 billion in 20007. The Food and 
Drug Administration guidelines state 
that truthful descriptions of indica-
tions as well as a major statement of 
side effects and contraindications are 
required. However, the important 
statement on side effects and contrain-
dications may be omitted if the patient 
is referred to a toll-free number, a web 
address, a physician or a pharmacist, or 
a print media advertisement8. Unfortu-
nately, the Food and Drug Administra-
tion is not empowered, nor does it have 
the resources, to conduct prior ap-
proval of these direct-to-consumer 
advertisements. 

In a study by Woloshin et al., 
the content of advertisements that ap-
peared in seven issues of each of ten 
magazines published in the United 
States between July 1998 and July 1999 
was reviewed9. These included adver-
tisements for drugs to ameliorate symp-
toms, treat disease, or prevent illness. 
Despite a variety of promotional tech-
niques, as well as emotional appeals and 
encouragement of consumers to con-
sider the medical causes of their experi-
ences, most of the advertisements were 
found to describe the benefit of the 
medication in very vague qualitative 
terms with <13% referring to any data. 
Although half of the advertisements did 
use data to describe side effects, they 
typically focused on the side effects that 
occurred infrequently and, therefore, 
did not impact negatively on the prod-
uct. None of the advertisements men-
tioned the cost of the medication. In an 
effort to derive a useful interpretation 
from these data, the authors suggested 
that the provision of complete informa-
tion about the benefit of prescription 
drugs in advertisements would serve the 
interests of physicians and the public.

Rowland reported that 70% of 
general practitioners surveyed said that 
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direct-to-consumer marketing con-
fuses the relative risks and benefits10. 
Seventy-five percent of them believed 
that it causes the patient “to think drugs 
work better than they really do.”10 In a 
separate study, family practitioners 
thought that the direct-to-consumer 
advertisements pressured them to use 
the drugs that they would not use 
ordinarily7. 

Between 1996 and 2003, pharma-
ceutical companies increased spending 
on direct-to-consumer advertising from 
$791 million to $3.2 billion and indus-
try promotional spending totaled $25 
billion. According to a Kaiser Family 
Foundation report, prescription drug 
expenses increased two to five times 
more than spending on hospital care 
and physician services during this same 
period11. In light of Merck’s recent recall 
of Vioxx, direct-to-consumer advertis-
ing will likely come under increased 
scrutiny by federal agencies, consumer 
groups, physicians, and patients.

It is clear that direct-to-consumer 
advertisements can have a negative im-
pact on the doctor-patient relationship 
and that physicians may feel the “pres-
sure to prescribe,” which may lead to in-
appropriate medication use or therapy. 
However, direct-to-consumer advertise-
ments can have a positive effect too. 
They can raise the public awareness of a 
specific medical condition and may pro-
mote an appropriate visit to the doctor. 
Recently, the AAOS developed a posi-
tion statement on direct-to-consumer 
advertising, which addresses many of 
the points discussed12. Continued re-
search efforts on the effects of direct-to-
consumer advertising on public health 
are called for. The statement recognizes 
the potential value of direct-to-consumer 
advertising provided that it is done “in a 
responsible and ethical manner” and 
that it should be “scientifically substan-
tiated, accurately presented, and free of 
false or misleading claims.” It acknowl-
edges there may be patient safety con-
cerns “if it leads patients to seek health 
care solutions without consulting a phy-
sician.” It also states that “advertising 
that an individual surgeon has received 
training to perform a procedure does 

not imply the same standards as certifi-
cation by the American Board of Ortho-
paedic Surgery (ABOS).” 

The Flood of Orthopaedic Media 
Information: Your Influence 
on It and Its Influence on 
You and Your Patients 
It is appropriate for the orthopaedist to 
remain the premier source of the pa-
tients’ orthopaedic information. Al-
though the media, the Internet, and 
industry exert influences on patient in-
formation, these sources should seek 
counsel from orthopaedists to assure 
the accuracy of information provided to 
patients. Orthopaedists must make 
time to assist them in this joint en-
deavor. Questions to consider with 
regard to the interaction of the ortho-
paedist with the media include the fol-
lowing: How should the orthopaedist 
relate to the media? What information 
is appropriate to release to the press? 
How does the media handle ortho-
paedic information? How does the 
public relate to the orthopaedic infor-
mation presented by the media?

There is no doubt about the im-
portance of media-generated informa-
tion. The media can increase public 
awareness of health-related issues, im-
pact political trends, and influence the 
allocation of research funds. Examples 
include television’s educational part-
nership with the National Dairy Coun-
cil to enhance awareness of the benefit 
of drinking milk on bone health, their 
participation with the American Lung 
Association on the need to cease ciga-
rette smoking and the dangers of sec-
ondhand smoke, and their campaign in 
association with the American Academy 
of Orthopaedic Surgeons to increase 
awareness of fall prevention strategies, 
especially in the elderly.

The media has been influential in 
the successful campaign to champion a 
patient’s right to choose his or her phy-
sician. The media’s emphasis on the 
prevalence and devastating effects of 
breast cancer resulted in increased 
funding for breast cancer research by 
government agencies. Moreover, the re-
cent highlighting of the substantial 

physical and emotional cost of arthritis 
appears to be resulting in increased 
funding for research on cartilage 
growth and repair.

Who is “the media”? The media 
are journalists who produce print and 
broadcast news. Broadcast media can 
be taped or live, cover general or spe-
cific topics, and is typically more fo-
cused and abbreviated than print. Print 
media encompasses both newspapers 
and magazine articles. Articles in news-
papers can be feature articles, science 
articles, or general news. General news 
articles are usually the briefest. Maga-
zines can be general (e.g., Time or 
Ladies’ Home Journal), or they can be 
focused on a specific interest (e.g., Golf 
Digest and Tennis Weekly). Trade maga-
zines, like Orthopedics Today, report the 
latest news in orthopaedics to ortho-
paedists. Journalists who write for the 
trade magazines are usually very 
knowledgeable about the medical field 
and are frequently members of the 
American Medical Writers Association, 
the Association of Health Care Journal-
ists, or the National Association of Sci-
ence Writers13. These writers generally 
have a story in mind and are looking 
for a few quotes or verification of facts 
when they call a physician for an inter-
view. It is rare that such an interview is 
hostile. Although trade magazines are 
written to attract a physician audience, 
journalists of health columns may read 
them and, after reviewing the newest 
information, develop ideas for their 
own articles.

Medical writers who script arti-
cles for major publications and broad-
casts can be very knowledgeable. 
However, in some instances, reporters 
may have very little medical knowl-
edge and may be looking for an educa-
tion when they call the orthopaedist 
for comments on a particular topic13. 
On political issues, reporters may be 
friendly or hostile and potentially 
lead to a challenging interview for 
the physician.

In a survey by the National 
Health Council, 2256 people were asked 
about their primary sources for health-
care news14. The results showed that 
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most look primarily to television as 
their medical news source, with doc-
tors as the second most popular source, 
magazines and journals as the third 
most popular, and newspapers as the 
fourth. Five percent of all local televi-
sion shows are about health. Typically, 
this segment consists of clips that are 
forty-two seconds long15.

Who does the public trust for re-
liable information? Even though the 
primary source that the public uses for 
health information is television, it is the 
doctors, nurses, and pharmacists who 
are the most trusted source, with books 
following closely behind15,16. To be able 
to understand how doctors can influ-
ence the public through the press and to 
understand how to get the interest of 
the press, physicians must first under-
stand what triggers an article or an in-
terview by the press. Recently published 
research, a celebrity injury (for exam-
ple, former President Clinton’s quadri-
ceps rupture), or a catastrophic public 
occurrence (such as an increased preva-
lence of acute cardiac events for patients 
taking a commonly prescribed medica-
tion) often results in a story. A recent 
survey revealed that it is personal rele-
vance, and not sensationalism, that at-
tracts viewers’ attention to medical 
news broadcasts17. 

During a media interview, ortho-
paedists should be clear and concise 
with their prepared comments, which 
should be both interesting to the press 
and also relevant to the public. Physi-
cians should take care not to talk above 
the level of the audience as well as to 
avoid medical jargon18,19. The audience’s 
unspoken question, “What’s in it for 
me?” should be anticipated and an-
swered. It is important to know the sub-
ject matter in advance and to know the 
expected audience, so that the message 
can be tailored to them. Because the in-
terview may result in only fifteen sec-
onds of air time, the interview should 
stay focused. This will be more likely if 
there is a “grab ‘em” type introductory 
sentence, three or four points to stress 
with supporting statistics, and a sum-
mary made by repeating key points. For 
example, rather than simply stating, 

“We should all help to make play-
grounds safe for children,” one should 
say instead, “Increase the safety of your 
child’s playground by ensuring that (1) 
the equipment is properly spaced, (2) 
the surface is soft and absorbent, and 
(3) the playground is protected with 
barriers.” Or, rather than saying, “Inju-
ries can occur if children do not wear 
helmets while in-line skating,” it is bet-
ter to support the statement with facts, 
such as, “Over 27,000 children were in-
jured last year while in-line skating. 
Of those, 321 who were not wearing 
helmets died from head injuries.”

Having props available for broad-
cast interviews will help to better illus-
trate the message. If an interview goes 
in a different direction than planned, 
the technique of bridging to return to 
the original message can be used, such 
as, “I remember that instance, but don’t 
you believe the more important point is 
. . .” Additionally, for accuracy and to 
help the reporter to maximize the inter-
view time, it is helpful to provide infor-
mation to the reporter prior to the 
interview.

Even though orthopaedists may 
try to provide accurate and current in-
formation to the media during an inter-
view, the media may well place their 
own slant on an article or video clip. 
The media often interprets the medical 
information as they perceive it or as 
they feel it will be best received by their 
readers or viewers. The orthopaedist’s 
agenda should be to present truths to 
foster public welfare. The press’s agenda 
may be an interesting story, with life-
style implications, catchy headlines, 
broad appeal, or realistic stories, but 
not necessarily overwhelmingly accu-
rate ones16. The press enjoys contro-
versy. In a live broadcast, one can pick 
the points to stress and typically be 
heard. This is harder to do in a taped 
broadcast or in the print media, as the 
physician’s words may be taken out of 
context, abbreviated, or rearranged ei-
ther overtly or inadvertently by the 
journalist. 

Newspaper articles are frequently 
influenced by press releases provided by 
medical publications or organizations20. 

A retrospective analysis of newspaper 
stories and press releases found that, of 
the published articles, 84% had been 
promoted in press releases prior to 
publication21. Only recently have press 
releases on medical journal articles 
been made available by authors or by 
journal editors prior to the publication 
date. Dr. Franz J. Ingelfinger, editor of 
the New England Journal of Medicine, in 
1969, instituted a rule that stated that a 
journal article would not be published 
if its contents were released in substance 
prior to the journal’s publication 
date14,22. This “Ingelfinger Rule” has 
been countered with the “Embargo 
Rule,” which essentially states that if a 
journal or author provides journalists 
with an advance copy of a manuscript 
or a press release of a manuscript prior 
to the publication date, the journalists 
will not print a story regarding the ma-
terial until the day of official publica-
tion of the journal22. In this way, the 
journalists can write timely articles on 
the latest information without the pub-
lication of medical journal articles be-
ing preceded by media releases.

Press releases have come to be 
regarded by science writers as an 
easy source of current scientific in-
formation20. They are highly credible if 
obtained from peer-reviewed journals, 
and they have generally been screened 
for human interest. Realizing that jour-
nalists are now relying on press releases 
for stories, orthopaedists and journal 
editors should ensure that press re-
leases contain accurate and complete 
information. The media looks to press 
releases to learn the latest scientific dis-
covery. They wish to know: Is it safe? Is 
it successful? What does it cost? Is it 
available? What are the alternatives? 
The press wants new and dramatic in-
formation, as they must tell their story. 
At issue is the potential conflict that sci-
entists want true research, with results 
becoming more reliable upon repeti-
tion. It should be remembered that 
journalists are foremost reporters and 
not educators23,24.

Physicians should remember that 
the public considers them the most 
trusted source of medical information. 
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Eighty percent of the people surveyed 
responded that they sought further in-
formation from their own doctor after 
reading an article14. Orthopaedists must 
take care not to lose this premier posi-
tion in patients’ minds. Press releases, 
therefore, should be a very reliable 
source of current information and 
should highlight the study’s limitations 
and sources of funding. Moreover, or-
thopaedists should consider whether 
press releases should be limited to refer-
eed articles only or whether they should 
also include nonrefereed presentations 
on new technology or treatments. One 
option to help to avoid the release of 
misinformation and to expand accuracy 
in press releases has been suggested by 
Jane Brody, a medical writer for The 
New York Times19. Such a protocol 
would include the information listed in 
Table I.

Research has shown that to be 
most effective, press releases should be 
e-mailed to journalists directly rather 
than merely distributed to the wire 
services19. Orthopaedists who are 
knowledgeable regarding the topic 
should be available for questions after 
release.

In summary, orthopaedists need 
to stay on top of the media food chain. 
They should be aware that lay readers 
want personal relevance, not sensation-
alism. Orthopaedists should ensure ac-
curacy, express limitations, and detail 
any biases in the scientific orthopaedic 
information released to the press and, 
as a result, should not jeopardize their 
position as a trusted authority.

Industry Advertisements 
in the Medical Literature
The role of advertising in medicine has 
undergone substantial evolution over 
the past three decades. At one time, ad-
vertising to influence patient decision-
making or physician behavior was 
considered inappropriate at best and 
unethical at worst. Now, not only has 
industry ramped up its advertising ef-
forts but hospitals, health-care organi-
zations, and physicians themselves have 
begun to advertise. Indeed, allocations 
of dollars for marketing occupy sub-

stantial portions of these organizations’ 
budgets. With regard to the regulation 
of advertising in the medical market-
place, Capozzi and Rhodes, in a recent 
“Ethics in Practice” article in this jour-
nal, stated, “Democratic societies are 
committed to liberty and, in particular, 
to freedom of expression and trade. In 
that light, the position of the United 
States courts on medical advertising is 
perfectly understandable. Advertising is 
essentially speech in the promotion of 
trade, so government should not re-
strict it unless it can be shown to cause 
great harm.”25 

Most would agree that industry 
plays a role in influencing physician be-
havior. However, the impact of that in-
fluence is unknown, and the validity of 
the information provided to physicians 
has not been well studied. In order to 
investigate the validity of claims made 
in orthopaedic print advertisements in 
journals, Bhattacharyya et al. identified 
fifty statements from fifty advertise-
ments randomly selected from six peer-
reviewed orthopaedic journals (The 
Journal of Bone and Joint Surgery 
[American volume], Orthopedics, the 
American Journal of Orthopedics, the 
Journal of Orthopaedic Trauma, the 
American Journal of Sports Medicine, 
and the Journal of the American Acad-
emy of Orthopaedic Surgeons)26. The 
companies were then contacted to pro-
vide supporting data, and three senior 
orthopaedic surgeons, blinded to prod-

uct and company, evaluated the data for 
quality and support. Twenty-three ad-
vertisements (46%) focused on adult 
reconstructive orthopaedic surgery, 
while ten (20%) related to trauma, nine 
(18%) focused on sports medicine, and 
eight (16%) concerned basic science 
(bone-graft substitutes). A reference 
was cited to support the claim in only 
twelve advertisements (24%). 

The supporting data provided by 
the companies showed that only eigh-
teen advertisements (36%) were sup-
ported by a published source, twelve 
(24%) were supported by presentations 
at scientific meetings, and an addi-
tional twelve were described by the 
companies as being “data-on-file” (in 
other words, supporting data had nei-
ther been published nor presented but 
the company asserted it had informa-
tion to support the claim)26. Only four 
companies did not respond after three 
attempts to solicit supporting data. The 
analysis of these data for quality and 
support showed that only seven data 
sets were considered “well supported,” 
seventeen were considered “possibly 
supported,” and twenty-two were con-
sidered “unsupported.” Interobserver 
agreement among the three senior or-
thopaedic surgeons was good (intrac-
lass correlation coefficient, 0.72). The 
authors concluded that industry is gen-
erally responsive to this type of inquiry 
but more than half of the claims are not 
supported by good scientific data. 

TABLE I Press Releases: What Should Be Included?

Who funded the study?

Are there potential conflicts of interest?

Were the subjects human or animal?

Were findings published in a peer-reviewed journal?

What was the number of subjects involved in the study and how were they selected?

If outcome data are available, what criteria were used to obtain the data?

Are there threats to the study’s validity?

What are the controlled variables?

What are the noncontrolled variables?

What is the basic-science support?

How do the findings relate to prior research?

Are there practical alternatives?
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This information raises several 
questions. First, should industry be 
held to some standards regarding the 
validity of the claims they make in print 
advertisements? Should those stan-
dards be equivalent to, or in any way re-
lated to, the types of standards to which 
published articles are held when they 
are considered for publication in the 
medical literature? At one extreme, 
some journals currently rate the quality 
of the evidence associated with the arti-
cles that they publish. This journal be-
gan doing this in January 2003 and uses 
a five-tiered rating system to place a 
clinical study into its context for the 
reader27. However, most journals in 
medicine have no systematic procedure 
for addressing this issue. 

To investigate the question of 
evidence-based advertising by indus-
try, Gutknecht performed a study to 
determine how research results are pre-
sented in pharmaceutical advertise-
ments28. After reviewing a consecutive, 
six-month sample of advertisements in 
four general medical journals, he found 
186 distinctive advertisements, of which 
only forty-three presented results with 
quantitative data. References to ran-
domization and blinding were found in 
less than half of these, and, although p 
values were frequently provided, confi-
dence intervals and references to power 
and number were not. He concluded 
that “descriptions of research in phar-
maceutical advertisements were brief 
and incomplete, and they inconsis-
tently provided the basic design and 
statistical information needed to judge 
the results reported.”

Another question raised in rela-
tion to this general topic is whether me-
dia coverage of scientific meetings is 
appropriate. Schwartz et al. performed 
a search of LexisNexis to identify news 
stories printed in the two months fol-
lowing five scientific meetings held in 
1998 (Twelfth World AIDS Conference 
and the meetings of the American 
Heart Association, Society for Neuro-
science, American Society of Clinical 
Oncology, and the Radiological Society 
of North America)29. They also searched 
MEDLINE and contacted authors to 

determine subsequent publication of 
articles in the medical literature within 
three to 3.5 years after the meeting pre-
sentation. They identified a total of 252 
articles reporting on 147 meeting ab-
stracts. They found that, in the three 
years after the meetings, 50% of the 
abstracts had been published in high-
impact journals, 25% had been pub-
lished in low-impact journals, and 25% 
had not been published. The publica-
tion record of the thirty-nine abstracts 
receiving front-page newspaper cover-
age was almost identical to the overall 
rate. The authors concluded that a sub-
stantial number of studies from scien-
tific meetings remain unpublished and 
preclude evaluation in the scientific 
community. Similar findings have been 
confirmed for orthopaedic scientific 
meetings, including the Annual Meet-
ing of the American Academy of Ortho-
paedic Surgeons as reported by Hamlet 
et al. in a 1997 article30. 

The way by which industry, the 
medical media, and even health-care 
organizations and physician practices 
present the quality of their product to 
their peers or the public is inconsis-
tently reviewed, validated, or judged. As 
a result, the impact on patient care is 
unknown. This raises several questions: 
Should published statements by indus-
try be held to the same standards as sci-
entific articles by clinicians and 
scientists? Can or should industry be 
held accountable for the information 
they publish? Should medical journals 
“referee” or reject advertisements if they 
are not supported by data or make un-
reasonable claims? The American Acad-
emy of Orthopaedic Surgeons and 
other professional associations are 
grappling with these and related ques-
tions right now.

Overview
Information about orthopaedic condi-
tions, treatments, and associated prod-
ucts is widely available to the general 
public, patients, and health-care pro-
viders. The reliability of the source and 
the validity of such information may 
not always be accurately identified. 
Orthopaedists should be aware that 

their patients may receive misinfor-
mation from the Internet or other 
sources. They are encouraged to refer 
their patients specifically to reputable 
sources of orthopaedic information 
such as the AAOS web site for patients 
(orthoinfo.aaos.org). They are invited 
to develop personal interviewing skills 
and to be available to report as an accu-
rate media source. Full disclosure of 
funding sources, potential conflicts of 
interest, and the study’s level of evi-
dence should accompany orthopaedic 
media releases. It is hoped that the im-
pact of advertisements in the medical 
literature, and the way by which ad-
vances in medical sciences are covered 
by the press, will improve communica-
tion and knowledge so that physicians 
and patients can make informed 
choices regarding disease treatment 
and maintenance of health. 
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Anterior Acromioplasty for the Chronic 
Impingement Syndrome in the Shoulder

BY CHARLES S. NEER II, MD

Appeared in JBJS Vol. 54-A, pp. 41-50, January 1972 
(available at jbjs.org as Supplementary Material to this JBJS Classic)

Commentary
Why was this article selected 
as a classic orthopaedic reference?

Many articles are published in the medi-
cal literature, but few appreciably change 
the way we practice orthopaedics. Neer’s 
article, which introduced the “impinge-
ment syndrome” and recommended ac-
romioplasty to treat this condition, is 
one of the articles we still reference and 
discuss thirty years later.

Neer dissected 100 cadaveric 
scapulae from donors who had been in 
their sixth decade or older at the time of 
death, and he noted excrescences along 

the anterior-inferior rim of the acro-
mion in a large number of shoulders 
that also had rotator cuff derangement. 
He concluded that this part of the acro-
mion rubbed against the supraspinatus 
when the arm was abducted and caused 
the rotator cuff to tear over time. He 
later resected this part of the acromion 
in fifty shoulders in forty-six patients. 
He also repaired a complete tear of the 
rotator cuff in twenty shoulders and 
performed a resection of the distal part 
of the clavicle in two patients. Neer re-
examined twenty-nine of the forty-
seven shoulders between nine months 

and five years after surgery. He found 
symptomatic relief in a large percent-
age of patients. As a result of this article, 
impingement syndrome is now listed 
as a diagnosis in ICD-9 and acromio-
plasty has a Current Procedural Termi-
nology (CPT) code.

How has the information in the 
article withstood the “test of time”?

Neer believed that impingement causes 
rotator cuff tears. This hypothesis does 
not appear to have withstood the test of 
time. It is more likely that rotator cuff 
dysfunction results in upward displace-
ment of the humeral head and causes 
impingement of the humeral head 
against the acromion with shoulder use 
rather than the reverse. Arthroscopy 
and magnetic resonance imaging ar-
thrography have elucidated many con-
ditions that cause shoulder pain and 
that previously have been misdiagnosed 
as impingement. The liberal use of ac-
romioplasty to treat “impingement” is 
being replaced by a trend toward mak-
ing an anatomic diagnosis, such as a 
partial or a complete tear of the rotator 
cuff, and performing corrective surgery, 
such as repair of the torn rotator cuff.

B.Z.

doi:10.2106/JBJS.8706.cl

Summary
Impingement on the tendinous portion of the rotator cuff by the coraco-
acromial ligament and the anterior third of the acromion is responsible for a 
characteristic syndrome of disability of the shoulder. A characteristic prolifera-
tive spur and ridge has been noted on the anterior lip and undersurface of the 
anterior process of the acromion and this area may also show erosion and ebur-
nation. The treatment of the impingement is to remove the anterior edge and 
undersurface of the anterior part of the acromion with the attached coraco-
acromial ligament. The impingement may also involve the tendon of the long 
head of the biceps and if it does, it is best to decompress the tendon and re-
move any osteophytes which may be in its groove, but to avoid transplanting 
the biceps tendon if possible. Hypertrophic lipping at the acromio-clavicular 
joint may impinge on the supraspinatus tendon when the arm is in abduction 
and, if the lip is prominent, this joint should be resected. These are the princi-
ples of anterior acromioplasty.

Many classic, landmark articles have been published in The Journal in the past. Quarterly, we will be publishing 
summaries of selected articles, along with a contemporary commentary by a knowledgeable member of the editorial 
board identifying the article’s significance in orthopaedics and its continuing relevance to our practices. Please let us 
know of a classic Journal article that you believe should be summarized and commented upon in the future.

J.D.H.
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Specialty Update has been developed in collaboration with the Council of Musculoskeletal Specialty
Societies (COMSS) of the American Academy of Orthopaedic Surgeons.

Specialty Update

What’s New in 
Musculoskeletal Oncology

BY KRISTY L. WEBER, MD

This review will focus on the updates published or presented 
over the past year in the field of musculoskeletal oncology. Be-
cause of the rarity of musculoskeletal tumors, much of the pub-
lished research in any given year is primarily composed of 
retrospective or nonrandomized studies. Large prospective clin-
ical studies are usually performed in multi-institutional fashion 
or by orthopaedic groups at major cancer centers. Musculoskel-
etal oncology is one orthopaedic subspecialty, however, in 
which there are frequent molecular discoveries related to bone 
and soft-tissue sarcomas or metastatic bone disease.

The update will be divided into sections addressing the 
advances in the diagnosis and treatment of malignant bone 
tumors, malignant soft-tissue tumors, benign bone and soft-
tissue tumors, and metastatic disease. There will also be a sec-
tion in which updates on limb-salvage options and outcomes 
are discussed. In addition, the upcoming tumor-related meet-
ings and web sites will be listed along with a list of current ref-
erences. Finally, the editorial staff of The Journal reviewed 
recently published articles in over 100 medical journals to 
identify high-quality research articles that received a Level of 
Evidence grade of I. Three level-I articles were identified that 
are relevant to musculoskeletal oncology, and these references 
are listed after the standard bibliography. A brief annotated re-
view is provided for each of these articles.

Malignant Bone Tumors
Chondrosarcoma
Chondrosarcoma remains a challenging tumor to diagnose 
and treat. Adequate surgical resection is the mainstay of treat-
ment as chemotherapy and radiotherapy have not substan-
tially improved the survival of patients with this disease. 
Relatively little is known about the genetic aberrations and 
molecular pathways associated with this tumor. Ozaki et al. 
used comparative genomic hybridization to identify chromo-
somal abnormalities in benign and malignant cartilage 
tumors1. They characterized gains and losses in multiple chro-
mosomes and found that aberrations on chromosomes 2 to 
11, 14, 15, and 21 only occurred in chondrosarcomas as com-

pared with benign lesions. Better tools are necessary to diag-
nose and predict the biologic behavior of chondrosarcomas. 
Currently, the best prognostic indicator is tumor grade, which 
is based on light microscopy. However, even low-grade tumors 
can locally recur or metastasize, so a more sophisticated mo-
lecular understanding of chondrosarcoma is needed. Martin 
et al. evaluated the expression of telomerase reverse tran-
scriptase in a study of sixty-one cartilage tumors ranging from 
benign to high grade2. Immunohistochemical staining of this 
enzyme was correlated with the clinical outcome. A significant 
correlation was noted between high expression of telomerase 
reverse transcriptase and subsequent metastasis with de-
creased disease-free survival (p < 0.01). In addition, the ex-
pression of telomerase reverse transcriptase was correlated 
with cartilage tumor grade on light microscopy (p = 0.006). 
Since the antibody clearly stains the nuclei of transformed 
cells, this technique may allow its routine use for the grading 
of chondrosarcomas. Finally, in an effort to identify molecular 
targets in the treatment of chondrosarcoma, researchers have 
discovered that the Indian hedgehog (Ihh) gene is constitu-
tively activated (always turned “on”) in chondrosarcoma3. 
On the basis of this finding, they implanted chondrosarcoma 
xenografts into immunocompromised mice and then treated 
the mice with triparanol, an Ihh inhibitory drug. The block-
ade was effective for decreasing the level of expression of Ihh 
target genes as well as the cellularity and proliferation of 
the tumors. Additional studies are necessary to determine 
if this method will be effective for the treatment of human 
chondrosarcoma. 

Substantial controversy exists with regard to the surgical 
treatment of chondrosarcoma. There is a trend toward intr-
alesional treatment for chondrosarcoma of the extremities. 
With careful selection on the basis of the radiographic ap-
pearance of the lesion, patients with chondrosarcoma of 
an extremity can be managed with a thorough intralesional 
curettage, which is effective and preserves function4. However, 
selection of appropriate patients is crucial as some chondrosa-
rcomas can recur locally, change to a higher-grade lesion, and 
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even metastasize5. If the tumor recurs locally, the patient may 
have a poor outcome and may require radical surgery for local 
control5. Less controversy exists when the chondrosarcoma 
occurs in an axial location. The results of two recent series 
underscore the importance of achieving adequately wide 
margins in these difficult anatomic areas. The records of 
twenty-four patients with chondrosarcoma of the chest wall 
were retrospectively reviewed after a median duration of 
follow-up of seventy-one months6. Multivariate analysis dem-
onstrated that only the adequacy of the surgical margin was 
correlated with the overall survival rate (p = 0.0029). In addi-
tion, the local recurrence rate was 10% for patients with ade-
quate margins, compared with 75% for those with inadequate 
margins. Surgeons at the Rizzoli Institute recently presented 
their data on pelvic chondrosarcoma7. They reviewed 150 pa-
tients after a mean duration of follow-up of 104 months. The 
rate of local recurrence was 23% after a mean of thirty-four 
months, and this rate was inversely correlated with adequate 
margins (p = 0.016). Tumors crossing the sacroiliac joint were 
associated with a higher risk of inadequate margins (p = 0.02). 
Overall survival was correlated with tumor grade. 

Dedifferentiated Sarcoma and Paget Sarcoma
Two musculoskeletal tumors associated with the worst overall 
survival are dedifferentiated chondrosarcoma and Paget sar-
coma. Our current understanding of the biology of these 
tumors is based on series published prior to the advent of 
modern chemotherapy. New data are now available to assess 
whether modern treatment has made an impact on the prog-
nosis of patients with either of these diseases. Dickey et al. ret-
rospectively reviewed the records of forty-two patients in 
whom a dedifferentiated chondrosarcoma had been treated 
between 1986 and 20008. Twenty-five patients had received 
modern chemotherapy agents. The five-year disease-free sur-
vival rate for the entire group was 7.1%, with a median sur-
vival time of 7.5 months. Neither the use of chemotherapy, the 
surgical margins, the tumor stage at the time of diagnosis, the 
tumor size, nor the type of surgical procedure affected the rate 
of disease-free survival, indicating that advances in treatment 
methods have not improved the prognosis for patients with 
dedifferentiated chondrosarcoma. The situation is similar for 
patients with Paget sarcoma. This tumor occurs in elderly 
patients with Paget disease and has historically portended 
an extremely poor outcome. A recent retrospective analysis 
was performed on two groups of patients from a single 
institution9. Thirteen patients with Paget sarcoma had been 
managed before 1967, and 89% of these patients died as a re-
sult of the disease at a mean of two years. The second group 
consisted of twenty-two patients who had been managed 
after 1976 with a combination of wide resection, radiation, 
and chemotherapy, and 86% of these patients died at a mean 
of 2.7 years. Unfortunately, little progress has been made in 
the treatment of Paget sarcoma despite modern approaches 
to treatment.

Osteosarcoma
The overall survival of patients with osteosarcoma has re-
mained constant, with no substantial improvement in the past 
ten to fifteen years. New methods of treatment will be neces-
sary to decrease the prevalence of metastatic disease10. Biologic 
targets that will allow new therapies to have maximum effect 
on the tumor cells while minimizing toxicity to the host tis-
sues need to be identified. Microarray analysis is one method 
that is used to identify differentially expressed genes between 
tumor samples with different biologic behaviors or between 
matched primary and metastatic tumors in the same patient. 
Recently, a novel genome-wide screening method, array-based 
comparative genomic hybridization, was used to evaluate os-
teosarcoma samples from forty-eight patients11. This method 
is an improvement over conventional comparative genomic 
hybridization because it allows high-throughput quantitative 
measurement of genome-wide changes in DNA copy number. 
Gene amplification contributes to the genomic instability in 
tumors and often is associated with tumor progression. In this 
analysis, gains in copy number were more common than 
losses. Fluorescence in situ hybridization was used to validate 
and confirm the amplified clones. The genetic changes were 
mapped to specific chromosomal locations. The resolution of 
this new technique, combined with the availability of the hu-
man genome database, may allow for a better understanding 
of the underlying genetic events that lead to osteosarcoma 
initiation and may potentially result in the identification of 
target genes within the gained or lost clones.

Many investigators are trying to identify the molecular 
pathways involved in osteosarcoma progression. Recently, a 
discovery was made that identifies how osteoblast differentia-
tion is disrupted in osteosarcoma12. Runt-related transcription 
factor 2 (RUNX2) is a transcriptional regulator of osteogene-
sis that creates terminally differentiated osteoblasts through 
Rb and p27Kip1-dependent mechanisms. Mice that are null for 
RUNX2 have a complete lack of ossification. In osteosarcoma, 
the function of RUNX2 is disrupted and p27Kip1 is not induced. 
This correlates with loss of differentiation rather than termi-
nal osteoblast differentiation in a high-grade osteosarcoma.

A recent study from the Rizzoli Institute involving 860 
evaluable patients demonstrated a significant difference in the 
five-year disease-free survival rate in association with the se-
rum lactate dehydrogenase level at the time of presentation13. 
The five-year disease-free survival rate was 60% for patients 
who had had a normal lactate dehydrogenase level at the time 
of presentation, compared with 39.5% for those who had had 
a high lactate dehydrogenase level (p < 0.0001). Patients who 
presented with metastatic disease had a significantly higher 
lactate dehydrogenase level than those who presented with lo-
calized disease. This large series lends support to the use of se-
rum lactate dehydrogenase level as a prognostic indicator and 
as a way to define a group of high-risk patients who should 
be considered for treatment with more aggressive systemic 
chemotherapy. A recent comprehensive overview of the diag-

http://www.ejbjs.org


1402

 TH E JO U R NA L OF BONE & JOINT SURGER Y ·  JBJS .ORG

VO LU M E 87-A ·  NU M B E R 6 ·  JU N E 2005
WH A T’S NE W I N MU S C U L O S KE L E T A L ON CO L O G Y

What’s New in Musculoskeletal Oncology
nosis, biology, and treatment of pediatric osteosarcoma 
outlines the latest chemotherapy regimens and limb-salvage 
procedures14.

Ewing Sarcoma
The identification of molecular targets in Ewing sarcoma is also 
important. Growth factors and their receptors make effective 
targets for novel drug therapies and are the focus of basic re-
search on the mechanisms of tumor cell growth. The insulin-
like growth factor receptor-I (IGF-RI) and its ligand, IGF-I, 
have been implicated in an autocrine loop in Ewing sarcoma 
cells. Benini et al. studied the main intracellular signaling path-
ways that are important in the IGF-RI/IGF-I cascade15. The 
mitogen-activated protein kinase (MAPK) and phosphatidyli-
nositol-3-kinase (PI3-K) pathways are constitutively activated 
in Ewing sarcoma cells. The investigators blocked each pathway 
in vitro, and this markedly decreased cell growth. The effect was 
reversed by the addition of IGF-I in cells treated with the PI3-K 
inhibitor but not in cells treated with the MAPK inhibitor. In 
addition, blockade of the MAPK pathway decreased migration 
of the tumor cells and increased their chemosensitivity to doxo-
rubicin, a drug commonly used to treat this disease. The MAPK 
pathway may provide attractive targets for innovative therapies 
in patients with Ewing sarcoma.

In order to test targeted therapies in vivo, immunocom-
promised mice are often injected with human cancer cells. In a 
mouse model, human Ewing sarcoma cells were injected into 
the calf and the mice were treated with different agonists of 
the tumor necrosis factor-related apoptosis-inducing ligand 
(TRAIL) receptor, which is known to induce apoptosis in 
Ewing sarcoma cell lines16. Treatment decreased the growth of 
tumors in the calf but did not cure the mice or affect the me-
tastasis even when doxorubicin was added to the regimen. The 
mice also developed resistance to the effect of TRAIL receptor 
agonists. The investigators discovered that the combination of 
TRAIL receptor agonists and interferon-gamma (IFNγ) de-
creased both primary tumor growth and the prevalence of 
metastatic disease. They described the mechanisms by which 
IFNγ helps to overcome resistance to treatment, and they 
made an argument for the future use of this treatment in chil-
dren with Ewing sarcoma.

The Children’s Cancer Group and the Pediatric Oncol-
ogy Group, in a cooperative study in 2003, showed that pa-
tients with nonmetastatic Ewing sarcoma had an improved 
outcome if ifosfamide and etoposide were added to the stan-
dard clinical regimen17. The same regimen was evaluated in a 
new study involving 120 patients with metastatic Ewing 
sarcoma18. The results of that randomized trial revealed that 
the addition of ifosfamide and etoposide did not improve the 
event-free survival or overall survival rates in patients with 
metastatic disease.

Intensive chemotherapy regimens may adversely affect 
fertility in young patients. A study evaluating thirty-six teen-
agers and young adults who were managed with chemother-

apy for the treatment of high-grade bone sarcomas showed 
that the fifteen patients who attempted conception were 
successful19. Thirteen patients had successful initial preg-
nancies, with uncomplicated deliveries and no birth defects. 
Although that study was limited by small numbers, it is en-
couraging to note that successful childbirth can be attained 
after treatment with cytotoxic chemotherapy. At a 2004 
AAOS/NIH Workshop, in a report entitled “Does Sex Matter 
in Musculoskeletal Health? The Influence of Sex Specificity 
and Gender on Musculoskeletal Health,” gender issues related 
to musculoskeletal oncology were discussed. These issues have 
received little attention in the literature, despite differences in 
both the etiology and the treatment of benign and malignant 
bone and soft-tissue tumors. There is a 3:2 male-to-female 
ratio in the prevalence of primary musculoskeletal tumors. 
Osteosarcoma develops in girls approximately two years 
earlier than in boys, and girls have a better response to chemo-
therapy20. Another study demonstrated fewer relapses and im-
proved survival rates in female patients with osteosarcoma21. 
Similar results have been reported for soft-tissue sarcomas, 
but these differences have not received much attention in na-
tional studies, and the reasons for the disparities are not clear.

Soft-Tissue Sarcomas
Patients with soft-tissue sarcomas are managed with surgical 
resection combined with preoperative or postoperative radia-
tion. Such treatment results in local control of the tumor in 
approximately 90% of patients. However, patients generally 
die as a result of metastases, especially patients who present 
with large, deep-seated lesions. There has been no substantial 
progress in improving the overall rate of survival of these pa-
tients, and the effectiveness of chemotherapy has been the 
subject of much controversy. Molecular targeted therapy with 
tyrosine kinase blockade has had dramatic effects on the treat-
ment of gastrointestinal stromal tumors, and similar break-
throughs are necessary for the treatment of axial and 
extremity soft-tissue sarcoma. 

In the search for molecular targets of therapy, Ganjavi 
et al. recently evaluated the effect of adenoviral-mediated 
gene therapy with wild-type p53 (Ad-WTp53) in pediatric 
sarcoma cell lines22. Most sarcomas have defects in p53, a 
tumor-suppressor gene that regulates cell growth. Treat-
ment of four different cell lines with Ad-WTp53 resulted 
in a dose-dependent decrease in cell growth and viability as 
well as a significant increase in chemosensitivity to cisplatin 
and doxorubicin.

The chemotherapy agents used most commonly for 
patients with soft-tissue sarcoma are doxorubicin and ifosfa-
mide. There has been a trend toward the use of higher-dose 
regimens to achieve better response rates and overall survival 
rates. Worden et al., in a prospective, randomized, phase-II 
study of seventy-nine patients, compared high-dose ifosfa-
mide with standard-dose ifosfamide combined with doxorubi-
cin as first-line therapy for the treatment of intermediate or 
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high-grade soft-tissue sarcomas23. There was no improvement 
in the one-year disease-free survival rate or the overall survival 
rate in patients with localized or metastatic disease who re-
ceived the high-dose ifosfamide. High-dose ifosfamide was as-
sociated with increased toxicity, and the final recommendation 
was that high-dose ifosfamide is not warranted in terms of 
efficacy or toxicity. Cormier et al. evaluated 674 consecutive, 
nonrandomized patients with primary stage-III extremity soft-
tissue sarcoma who had been managed at two major cancer 
centers24. The goal was to evaluate the impact of adjuvant che-
motherapy in patients with advanced disease. Approximately 
50% of patients were managed with local therapy alone, and 
the other 50% were managed with local therapy and chemo-
therapy. Extensive statistical analyses suggested that the bene-
fits of doxorubicin-based chemotherapy could not be sustained 
for more than one year. By five years, the group of patients who 
had received chemotherapy had worse disease-free and disease-
specific survival rates compared with the group of patients who 
had not received chemotherapy.

Predictors of disease progression in patients with soft-
tissue sarcomas are lacking. Schuetze et al. evaluated the use 
of fluorodeoxy-D-glucose (FDG) positron emission tomogra-
phy (PET) scans for detecting the response to chemotherapy 
and predicting the risk of progression in a study of patients 
with extremity soft-tissue sarcomas25. The calculated stan-
dardized uptake value correlates with the rate of FDG ac-
cumulation and was found to be a marker with which to 
independently identify patients at high risk for tumor rec-
urrence. All patients in that series were managed with 
doxorubicin-based chemotherapy. There was a correlation 
between the change in maximum standardized uptake values 
and the residual viable tumor at the time of surgical excision 
(p = 0.001), although the histologic response to chemotherapy 
was not correlated with patient outcome. A baseline maxi-
mum standardized uptake value of ≥6 was correlated with a 
risk of development of metastasis (p = 0.03). Patients with a 
≥40% decrease in the maximum standardized uptake value 
had a significantly decreased risk of local recurrence (p = 0.01) 
and metastasis (p = 0.02) and an improved chance of overall 
survival (p = 0.02). If these results are validated in larger pro-
spective studies, FDG-PET may be an excellent tool to predict 
treatment response in patients with soft-tissue sarcomas.

Advances have been made in the methods used for 
radiation therapy in patients with soft-tissue sarcomas. 
Multiple modalities are available to maximize effects and 
minimize toxicity. An excellent recent review of these tech-
niques and how they are integrated with surgical treatment 
of sarcoma is available26.

One complication that has been associated with consid-
erable morbidity in patients with soft-tissue sarcomas is a pos-
tradiation fracture. Holt et al., in a retrospective study of 364 
patients with lower extremity sarcomas that had been treated 
with external beam radiation and surgical resection, reported 
twenty-seven fractures in twenty-three patients27. The likeli-

hood of fracture was higher among female patients (p = 0.02) 
and among those older than fifty-five years of age (p = 0.004). 
Twenty-four fractures occurred in patients who had received 
high-dose radiation (60 or 66 Gy), whereas only three frac-
tures occurred in patients who had received low-dose radia-
tion (50 Gy) (p = 0.0007). The median time to fracture was 
forty-three months. All fractures occurred in the radiation 
field, and there was a higher likelihood of fracture among pa-
tients who had been managed with postoperative radiation 
than among those who had been managed with preoperative 
radiation (p = 0.008). Multivariate analysis revealed that a 
postradiation fracture was associated with age and the use of 
high-dose radiation, but no effect was associated with the 
amount of periosteal stripping at the time of surgery.

Benign Bone and Soft-Tissue Tumors
There have been advances in the understanding of both the 
diagnosis and the treatment of benign lesions over the past 
year. Benign bone tumors are commonly noted in children 
and young adults, and certain lesions require treatment while 
others run a self-limited disease course. Simple bone cysts oc-
cur in young children and have a low rate of healing despite 
treatment. The current standard of care is the injection of cor-
ticosteroid into the cyst, but alternative methods involving the 
use of autogenous bone marrow have been proposed. An ini-
tial study of twelve patients who were managed with marrow 
injection revealed promising results28. A prospective, random-
ized trial of eighty children is currently being performed to 
compare methylprednisolone acetate injections with autolo-
gous bone-marrow injections for the treatment of simple 
bone cysts. The early results for forty-eight children with at 
least two years of radiographic follow-up demonstrated no 
difference between the two treatments when the radiographs 
were evaluated in a blinded fashion. The final follow-up data 
may result in a different conclusion, but these early data sug-
gest that new options for treatment should be explored.

Benign bone tumors such as chondroblastoma, aneu-
rysmal bone cyst, and nonossifying fibroma are frequently 
treated with intralesional curettage and bone-grafting. There 
has been great interest in the use of bone-graft substitutes over 
the past five to ten years in order to avoid the morbidity asso-
ciated with autogenous graft harvest. A retrospective study of 
ninety-eight patients showed that a successful functional out-
come can be achieved with use of calcium sulfate-based bone-
graft substitutes29. There were no local recurrences in that 
series, and all of the lesions healed by six months. Giant-cell 
tumor is an aggressive benign bone tumor that is treated with 
intralesional curettage whenever possible. Both cement and 
allograft bone can be used to fill the defect, and the local re-
currence rate depends primarily on the thoroughness of tu-
mor removal. Most available series have involved patients in 
whom cement has been used to fill the subchondral defect. 
Aponte-Tinao et al., in a study of forty-three patients with a 
giant-cell tumor around the knee joint, compared cement 
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filling with bone-grafting in terms of their potential effect on 
joint morbidity30. The defect was filled with cement in twenty-
two patients and with allograft in twenty-one. The patients 
were evaluated clinically and radiographically after a mean 
duration of follow-up of seven years. There was no difference 
between the groups with regard to the rate of local recurrence 
(9%) or the rate of complications, but a significantly higher 
rate of articular deterioration was noted in the group that 
received cement (p = 0.019). Prospective series involving 
larger numbers of patients are needed, but this report signals 
a potential problem as the majority of patients with giant-cell 
tumors are less than fifty years old and have a normal life ex-
pectancy. If degenerative changes are extensive enough to re-
quire a total knee arthroplasty, the presence of a large amount 
of cement in the subchondral area will present some technical 
challenges.

Fibrous dysplasia is a skeletal disease with a broad spec-
trum of severity. Patients can have a single focus or multiple 
sites of disease. Severe skeletal disease in childhood can lead to 
severe functional impairment in adulthood. Until recently, 
there was no objective method with which to measure the se-
verity of the disease or to predict functional outcome. In the 
study by Collins et al., seventy-nine patients with varying dis-
ease severity were evaluated with use of bone scintigraphy31. A 
skeletal burden score was determined on the basis of the 
amount of fibrous dysplasia in multiple anatomical segments. 
This score was correlated with bone markers of metabolism to 
assess biological importance and with survey scores on the 
Short Form-36 (SF-36) and the Child Health Questionnaire-
Parent Form 50 (CHQ-PF50) to assess functional outcome. 
After extensive analysis, the scores were correlated with the 
markers of bone metabolism and health-related quality of life 
(p < 0.001 and p = 0.001, respectively). The measurement of 
disease severity with use of bone scintigraphy is now a vali-
dated and reliable way to predict functional outcome.

Multiple hereditary exostoses is a condition that is as-
sociated with known genetic mutations in affected patients. 
A prospective genotype-phenotype study was performed to 
evaluate the severity of disease and the risk of malignant 
transformation in 172 patients with this condition32. The as-
sessment of disease severity included an evaluation of stature, 
the number of lesions, the number of necessary operations re-
lated to the lesions, and functional parameters. The assess-
ment of disease severity was performed separately from the 
molecular evaluation of the genetic mutations. Mutations in 
the EXT1 and EXT2 genes have been previously described and 
were identified in 83% of patients in the study. Patients with 
EXT1 mutations had a significantly worse disease severity 
than those with EXT2 mutations as well as a higher likelihood 
of development of a sarcoma. The results of that study suggest 
a role for routine genetic and radiographic screening of pa-
tients with this disease.

Large, deep lipomatous tumors often present a challenge 
to diagnosis, and local outcome depends on the biological 

characteristics of the lesion. Specifically, patients who have an 
intramuscular lipoma have a low prevalence of local recurrence 
compared with those who have an atypical lipomatous tumor. 
A recent series outlined a role for the routine use of cytogenetics 
in addition to standard histological analysis to more accurately 
diagnose and treat these tumors33. The series included fifty-five 
patients with an intramuscular lipoma and fifty-one patients 
with an atypical lipomatous tumor. A combined approach in-
volving histological analysis and cytogenetics was performed to 
classify the lesions. The local recurrence rate was 4% among pa-
tients with a lipoma, compared with 27% among those with an 
atypical lipomatous tumor (p = 0.0006). Significant correla-
tions included a smaller tumor size in the lipoma group (p < 
0.00001) and a tendency for atypical lipomatous tumors to 
occur in the lower extremity (p < 0.0009).

Metastatic Bone Disease
Advances in the area of skeletal metastasis have increased our 
understanding of the molecular events involved in osteolytic 
and osteoblastic bone destruction. Research is focused on 
methods to decrease pain and skeletal events while maintain-
ing function in this patient population.

Our understanding of the vicious cycle of bone destruc-
tion in patients with metastatic disease has been increased 
by the work of Guise and Mohammad34. Recently, those in-
vestigators identified that tumor-produced endothelin-1 
(ET-1) acts through receptors on the osteoblast to stimulate 
new-bone formation in both metastatic breast and prostate 
cancers. ET-1 receptor antagonists are currently being investi-
gated in clinical trials involving men with metastatic prostate 
cancer. Specific downstream targets of ET-1 such as Dickkopf 
homolog 1 (Dkk1) have been identified to play a role in the 
bone destruction in patients with multiple myeloma as well 
as patients with osteoblastic metastases. It is now believed 
that both osteoblasts and osteoclasts play an important role 
in osteoblastic metastasis. Mice treated with inoculation of 
human prostate cancer into bone had a decreased osteoblastic 
response when treated with both ET-1 receptor antagonists 
and zoledronic acid (Zometa; Novartis, Basel, Switzerland), 
a potent inhibitor of osteoclast function.

Zhang et al. came to similar conclusions that prostate 
cancer metastases induce both an osteoblastic and osteoclas-
tic response in the bone35. They investigated the use of soluble 
murine RANK-Fc (sRANK-Fc) to block receptor activator of 
nuclear factor κB ligand (RANKL), a molecule that stimulates 
differentiation of osteoclast precursors to osteoclasts. Immu-
nocompromised mice were managed with injection of human 
prostate cancer cells into a subcutaneously implanted segment 
of human fetal bone. The osteoblastic response induced on 
the bone segment in the control group was significantly (p < 
0.05) decreased after treatment with sRANK-Fc. This com-
pound also decreased the number of osteoclasts, urine N-
telopeptide levels, serum prostate-specific antigen levels, and 
tumor volume. This molecule inhibited both the osteoblastic 
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and osteoclastic properties of the prostate cancer cells, lending 
further support to the idea that even osteoblastic tumors re-
quire osteoclastic activity in order to progress in bone.

One of the major challenges in the treatment of skeletal 
metastasis is the ability to predict the risk of pathologic frac-
ture. Current guidelines are not specific or consistent and are 
based on plain radiographic measurements of bone destruc-
tion, location of the lesion, and pain. Hong et al. performed 
a biomechanical study to test the ability of quantitative com-
puted tomography and other noninvasive radiographic meth-
ods to measure the structural rigidity of cross-sectional areas 
of bones containing lytic defects and to accurately predict the 
load-bearing capacity of the bone and the relative fracture 
risk36. To our knowledge, this was the first study to investigate 
the effect of defects in trabecular bone as opposed to cortical 
bone. The results indicated that the structural behavior of 
the trabecular section of bone was determined by its weakest 
cross-section. The noninvasive imaging methods used in that 
study were able to predict fracture risk. Ideally, these algo-
rithms will be used clinically to measure the risk of pathologic 
fracture and to monitor the response of bone metastasis to 
systemic or local treatment.

It is also difficult to predict the survival of patients with 
metastatic disease when contemplating surgical intervention 
for an impending or actual fracture. Schneiderbauer et al., in 
a study of 299 patients who had a total hip arthroplasty or 
hemiarthroplasty for the treatment of metastatic disease to the 
hip, identified factors associated with longer survival times37. 
The median duration of survival after surgery was only 8.6 
months. Only 40% of the patients were alive one year after 
surgery. The time-interval between tumor diagnosis and sur-
gery (median, twenty-six months) was an independent pre-
dictor of survival. Patients with metastatic breast cancer had 
a longer duration of survival. There was no difference in sur-
vival related to patient age at the time of surgery or the pres-
ence of postoperative complications. In addition, patients 
with impending fractures did not survive longer than those 
with actual fractures. This study provides general guidelines 
to determine whether the anticipated patient survival exceeds 
the time required for surgical recovery. It is important to per-
form definitive surgical stabilization for patients with patho-
logic fractures around the hip. Patients managed with internal 
fixation for the treatment of metastatic disease or multiple 
myeloma have a risk of hardware failure with progression of 
disease. Jacofsky et al. recently evaluated the results and com-
plications of total hip arthroplasty or bipolar hemiarthro-
plasty when performed as a salvage procedure following failed 
internal fixation of a pathologic proximal femoral fracture38. 
Forty-two patients were reviewed, and fifteen required a prox-
imal femoral replacement as the salvage option because of ex-
tensive bone loss or poor bone quality. Patients were followed 
for a mean of 5.8 years after the salvage procedure, with 90% 
of the implants surviving for at least five years. Patient func-
tion improved from a Harris hip score of 42 points preopera-

tively to 83 points postoperatively, and the majority of patients 
had predictable pain relief. The most concerning complication 
was deep infection; this complication occurred in four pa-
tients, corresponding to 21% of the patients who had received 
prior radiation. Aseptic loosening was not problematic in this 
group, possibly because of the lower activity demands of these 
patients. The authors described technical points of these sal-
vage procedures in detail.

There is interest in the use of minimally invasive tech-
niques to treat metastatic bone pain. In carefully selected pa-
tients, especially those who have had a previous failure of 
external beam radiation, these procedures may provide an 
alternative to surgery and may produce long-lasting pain re-
lief. Kyphoplasty and vertebroplasty are now commonly used 
techniques for patients with osteolytic metastasis to the spine 
without neurologic compromise. Both techniques can be per-
formed safely, and they yield quick pain relief and an improve-
ment in generic health outcome measures. There is a small 
risk of cement leakage, but the leakage is usually asymptom-
atic. Patients can have progressive disease involvement at 
other vertebral levels; thus, close observation over time is 
warranted. A recent small study combined the use of verte-
broplasty with radiofrequency ablation to destroy the tumor 
tissue39. The use of radiofrequency ablation for the treatment 
of metastasis in multiple osseous sites was the subject of a 
multicenter study40. There was a significant decrease in the 
worst pain score for forty-one of forty-three patients, begin-
ning four weeks after treatment. Ninety-five percent of pa-
tients in that series experienced some measure of pain relief.

Another modality that is of potential benefit in the 
treatment of metastatic spine disease is cyberknife radiosur-
gery. Cyberknife treatment provides an alternative (1) for pa-
tients who are unable to have major surgery, (2) as an adjunct 
to surgery, (3) for patients who have had previous radiation, 
or (4) for patients who have radioresistant tumors41. Cyber-
knife radiosurgery is a minimally invasive procedure that can 
be performed on an outpatient basis with few side effects. The 
goal of cyberknife radiosurgery is to totally destroy the tissue 
within the target volume, so it may provide reasonable local 
control. This technique is not appropriate for patients with 
radiosensitive tumors who have not had radiation, those with 
cord compression and neurologic deficit, or those with spinal 
instability.

Systemic radiation in the form of radioisotope therapy 
has been used for palliative relief in patients with bone me-
tastases. Isolated series have demonstrated good pain relief, 
but a recent review of the available randomized, controlled, 
clinical trials indicated that this method had only a small ef-
fect on pain control at short and intermediate-term time-
points, with no improvement in analgesic use and a significant 
prevalence of leukocytopenia (see discussion of the study by 
Roque et al. in the annotated bibliography). Nonsteroidal 
anti-inflammatory drugs are recommended for patients with 
mild to moderate pain resulting from bone metastasis. They 
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are also recommended in combination with stronger opiates 
for patients with more severe pain. A multicenter randomized, 
double-blinded study demonstrated that dexketoprofen was 
safer and more effective for relieving pain than ketorolac was 
in patients with metastatic bone disease (see discussion of the 
study by Rodriguez et al. in the annotated bibliography). Fi-
nally, the use of bisphosphonates has had a major impact on 
the treatment of bone metastasis10. Ross et al. recently re-
viewed the results of thirty randomized, controlled trials to 
evaluate the effect of oral or intravenous bisphosphonates on 
skeletal morbidity in patients with metastatic bone disease 
(see the discussion of this study in the annotated bibliogra-
phy). The review indicated that bisphosphonates were associ-
ated with a significant reduction in all skeletal morbidity end 
points with the exception of spinal cord compression. These 
drugs were found to significantly increase the time to the first 
skeletal event and therefore they should be started when bone 
metastases are first diagnosed. The findings of the review 
showed that bisphosphonates must be given for at least six 
months before an effect on skeletal morbidity is apparent and 
then continued until no longer clinically relevant. Of note, 
bisphosphonates do not affect patient survival.

Limb-Salvage Surgery
Limb-salvage surgery can be performed in 85% to 90% of 
patients with malignant bone tumors. Often, it is used in 
combination with systemic chemotherapy. In this section, 
new techniques will be discussed and follow-up studies in-
volving the use of existing techniques will be reviewed. The 
major options for limb reconstruction after bone tumor re-
section include the use of allografts, vascularized grafts, en-
doprostheses, or a combination of these materials.

Allograft Reconstruction
The use of structural cadaveric allografts for reconstruction of 
large bone defects after tumor resection provides a more bio-
logic alternative compared with the use of endoprostheses. 
Osteoarticular allografts have been complicated by resorption, 
fracture, infection, instability, nonunion, and subchondral 
collapse. If early complications are avoided, allografts provide 
future bone stock and excellent soft-tissue reconstruction. De-
Groot et al. reviewed a series of thirty-one patients who had 
been managed with an osteoarticular allograft for proximal 
humeral reconstruction42. The mean duration of follow-up 
was 5.3 years. Allograft fracture was the main complication, 
noted in 37% of patients. The rate of fracture was only four 
(17%) of twenty-three among grafts that were filled with ce-
ment, compared with seven (88%) of eight among those that 
were not filled with cement. Occasionally, aggressive benign 
bone tumors such as giant-cell tumor create a single condylar 
defect about the knee for which an osteoarticular allograft is 
an excellent option. Reconstruction with a prosthesis would 
require sacrifice of the uninvolved compartment. However, a 
unicompartmental osteoarticular allograft can restore the 

anatomy and allow soft-tissue reconstruction with use of host 
ligaments and menisci. Ayerza et al. performed a study of forty 
unicompartmental osteoarticular allografts in the distal part 
of the femur or the proximal part of the tibia that were fol-
lowed for a mean of ten years43. There were two local recur-
rences, two articular collapses, one massive graft resorption, 
two infections, and one fracture. Six allografts were removed, 
but the defects were reconstructed with new allografts. The 
overall rate of allograft survival was 85% at five years.

Patients with bone tumors that require resection of the 
femoral or tibial diaphysis are ideal candidates for intercalary 
allograft reconstruction. This procedure provides a biological 
solution for the reconstruction of segmental defects, especially 
in young patients with localized disease. Muscolo et al. studied 
fifty-nine such patients who were managed with intercalary 
allografts and found that the use of chemotherapy during 
graft incorporation did not affect allograft survival, although 
it was associated with a higher rate of nonunion44. The non-
union rate was 9% overall, and the rate was significantly 
higher for diaphyseal junctions compared with metaphyseal 
junctions. Nonunions were more common when the allograft 
was stabilized with an intramedullary rod as compared with a 
plate. The rate of infection was 5%, which is lower than that in 
most available series. The allograft fracture rate was 7%, and 
all fractures occurred in areas of the graft that were not stabi-
lized with internal fixation. The overall rate of allograft sur-
vival at five years was 79%. In a related series by the same 
authors, thirteen patients with a high-grade osteosarcoma 
underwent transepiphyseal resection of the distal part of the 
femur or the proximal part of the tibia followed by recon-
struction with an intercalary allograft45. There were no local 
recurrences in the remaining epiphyseal segment after a mean 
duration of follow-up of sixty-three months. There were three 
allograft fractures, two diaphyseal nonunions, and one deep 
infection. This procedure is technically demanding and is as-
sociated with a high risk of complications even in the most 
experienced hands. However, the benefit of maintaining the 
native joint surface in a young patient is worth the potential 
complications if safe oncologic guidelines are followed. 
Careful preoperative imaging is necessary as removal of the 
malignant lesion with negative margins is of paramount im-
portance. In the future, computer-aided surgery may allow 
definition of the epiphyseal margin with greater precision.

It is often difficult to achieve union at the allograft-host 
junction because the host tissue must invade the allograft to 
obtain cortex-to-cortex healing. There is a lack of vasculariza-
tion and remodeling within the allograft as it contains no live 
cells. An important study evaluated the role of vascular endo-
thelial growth factor (VEGF) and RANKL in the regulation 
of angiogenesis and osteoclast-mediated bone destruction in 
the remodeling of structural allografts46. Intercalary femoral 
autografts and allografts were used in a mouse model. The 
authors demonstrated a deficiency of VEGF and RANKL in 
allografts and showed that blockade of these factors inhibited 
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new-bone formation on the cortical surface of autografts. To 
evaluate the effect of exogenous VEGF and RANKL on cortical 
allograft healing, the grafts were coated with freeze-dried re-
combinant adeno-associated virus (rAAV) combined with 
each factor. Both resorption and new-bone formation were 
seen in the rAAV-VEGF and rAAV-RANKL-coated allografts. 
These results may have important clinical implications as new 
ways are devised to enhance allograft-host union in patients 
with large diaphyseal defects.

Vascularized Grafts
Limb salvage is most challenging during the reconstruction of 
defects in skeletally immature patients after a major growth 
plate has been removed with the tumor. An exciting study by 
Innocenti et al. involved the use of autologous vascularized 
epiphyseal transfer to reconstruct defects in skeletally imma-
ture patients after resection of malignant bone tumors in the 
distal part of the radius47. Six patients with a mean age of 8.4 
years had reconstruction of the distal part of the radius with a 
vascularized proximal fibular transfer that included the physis 
with its anterior tibial vascular supply. The five patients who 
were followed for a minimum of three years showed predict-
able longitudinal growth of the transplanted fibula (at a rate 
of 0.8 cm/yr), similar to the ipsilateral ulna. The range of mo-
tion of the wrist on the reconstructed side was 70% of that on 
the contralateral side. Donor-site morbidity included two 
transient peroneal nerve palsies and one permanent palsy, but 
there was no evidence of knee instability.

Prosthetic Reconstruction
A metal endoprosthesis is commonly used to reconstruct 
limbs after juxta-articular tumor resection. It provides a dura-
ble construct that allows early weight-bearing depending on 
the quality of device fixation. There are relatively few early 
postoperative complications, which allows patients who re-
quire chemotherapy to continue their treatment. Challenges 
include determining the best option for stem fixation and 
finding the optimal way to attach soft tissues to an endopros-
thesis at the shoulder, hip, or knee.

The theory of extracortical bone-bridging was evaluated 
in a study of 339 procedures involving the Stanmore custom 
rotating-hinge cemented distal femoral prosthesis48. Two hun-
dred and twenty-five procedures were performed with use of a 
hydroxyapatite-coated ingrowth collar on the femoral stem, 
and 114 procedures were performed without this collar. The 
prostheses with a hydroxyapatite-coated collar were associated 
with a significantly lower risk of revision (p = 0.013). Only 
one patient who had received a hydroxyapatite-coated collar 
had revision for aseptic loosening, compared with thirteen 
patients who had not received such a collar. Examination 
of the retrieved implants revealed osseointegration of the 
hydroxyapatite-coated collars. Another study evaluated the 
results for ninety-nine patients who had been managed with 
an uncemented Kotz distal femoral or proximal tibial endo-

prosthesis49. Seven of twenty-five proximal tibial and eleven 
of seventy-four distal femoral prostheses failed as a result of 
infection, stem fracture, or aseptic loosening. The rates of in-
fection (10%) and fracture (6.1%) were higher than those in 
previous reports. The overall actuarial five-year prosthetic 
survival rate was 77%.

Ogilvie et al. evaluated the results of proximal femoral 
endoprosthetic replacement in thirty-three patients in order 
to assess postoperative function related to specific methods of 
abductor repair and the type of acetabular reconstruction50. 
Function was assessed with use of the Musculoskeletal Tumor 
Society 1987 and 1993 scores (which are clinician-recorded) 
and the Toronto Extremity Salvage Score (which is patient-
recorded). Nine patients had the greater trochanter attached 
to the prosthesis, sixteen patients had an abductor soft-tissue 
repair, and eight patients had no abductor repair. After a mean 
duration of follow-up of three years, the functional scores 
were not significantly different among the repair groups or 
between patients who had a bipolar hemiarthroplasty and 
those who had a total hip arthroplasty. With regard to separate 
functional categories, the scores for strength (p = 0.03) and 
the use of a support (p = 0.031) were significantly better for 
patients with a soft-tissue abductor repair than for those with 
no repair. Three patients had repeated dislocations after re-
construction with a total hip arthroplasty. Improvements in 
soft-tissue reattachment to metal prostheses would allow bet-
ter function and implant stability. Dickey et al. used a canine 
supraspinatus tendon model to test biomechanical end points 
after attachment of the tendon to a tantalum foam metal 
prosthesis51. Twenty-three supraspinatus tendons were de-
tached and reattached to foam metal at the greater tuberosity. 
Six weeks after surgery, tendon-implant strength was 99% of 
normal and construct stiffness was 94% of normal. The mus-
cle volume initially decreased, but 90% of normal volume was 
recovered by six weeks. These results hopefully will translate 
to the clinical setting for improved soft-tissue reconstruction 
in patients after tumor resection around major joints.

One of the most exciting innovations of the last decade 
in the field of musculoskeletal tumor surgery is the develop-
ment of a noninvasive expandable prosthesis for skeletally im-
mature patients with juxta-articular malignant bone tumors. 
Gitelis et al. recently reviewed the results for sixteen patients at 
a minimum of twelve months after the implantation of a Repi-
physis prosthesis (Wright Medical Technology, Memphis, 
Tennessee) in the distal part of the femur or proximal part of 
the tibia52. This construct uses energy stored in a compressed 
spring that is locked with a polyethylene sleeve. In an outpa-
tient setting, the patient can control the lengthening while an 
electromagnetic field releases the locking mechanism. The 
average age of the patients in that series was 10.7 years. Four-
teen patients had fifty-eight lengthening procedures, with 
an average of 8.5 mm of length being gained per expansion. 
Complications, which were noted in seven patients, included 
expansion failure, stem fracture, and infection. An alternative 

http://www.ejbjs.org


1408

 TH E JO U R NA L OF BONE & JOINT SURGER Y ·  JBJS .ORG

VO LU M E 87-A ·  NU M B E R 6 ·  JU N E 2005
WH A T’S NE W I N MU S C U L O S KE L E T A L ON CO L O G Y

What’s New in Musculoskeletal Oncology
noninvasive expandable prosthesis from Stanmore (Middle-
sex, United Kingdom) also works with use of electromagnetic 
induction but differs from the Repiphysis in that it does not 
need to be replaced with a standard endoprosthesis at the end 
of growth.

Future Directions
Resection of pelvic bone sarcomas is one of the most chal-
lenging aspects of a musculoskeletal oncology practice. 
These procedures are associated with higher complication 
rates compared with those performed in the extremities. 
In addition, local recurrence rates are higher given the ana-
tomic complexity of the associated visceral and neurovascu-
lar structures. A recent case report described the use of a 
commercially available computerized navigation system to 
support resection of a portion of the osseous pelvis in three 
patients with recurrent malignant tumors53. The computer-
assisted surgery was based on computerized tomographic 
images and allowed accurate resection through the pelvis 
and sacrum with negative margins in all three patients. This 
type of guided surgery has been used for brain tumor re-
section, pedicle screw placement, and acetabular fracture 
reduction. It is still new in the field of musculoskeletal on-
cology but likely will play a greater role in the resection of 
pelvic tumors in the future.

Evidence-Based Orthopaedics
The editorial staff of The Journal reviewed a large number of 
recently published research studies related to the musculoskel-
etal system that received a Level of Evidence grade of I. Over 
100 medical journals were reviewed to identify these articles, 
which all have high-quality study design. In addition to arti-
cles published previously in this journal or cited already in this 
Update, three level-I articles were identified that were relevant 
to musculoskeletal oncology. A list of those titles is appended 
to this review after the standard bibliography. We have pro-
vided a brief commentary about each of the articles to help to 
guide your further reading, in an evidence-based fashion, in 
this subspecialty area.

Educational Opportunities
Upcoming meetings will provide the latest information re-
lated to the advances in clinical and basic research of primary 
bone and soft-tissue tumors and metastatic disease. 

International Society of Limb Salvage (ISOLS) 
September 7 through 10, 2005
Seoul, Korea
www.isols.org

American Society for Bone and Mineral Research (ASBMR)
September 23 through 27, 2005
Nashville, TN
www.asbmr.org

International Skeletal Society (ISS)
September 28 through October 1, 2005
Singapore
www.internationalskeletalsociety.com

Connective Tissue Oncology Society (CTOS)
November 19, 20, and 21, 2005
Boca Raton, FL
www.ctos.org

Orthopaedic Research Society (ORS)
March 5 through 8, 2006
New Orleans, LA
www.ors.org

American Academy of Orthopaedic Surgeons (AAOS)
March 8 through 12, 2006 
New Orleans, LA
www.aaos.org
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Evidence-Based Articles Related 
to Musculoskeletal Oncology
Rodriguez MJ, Contreras D, Galvez R, Castro A, Camba MA, Busquets C, 
Herrera J. Double-blind evaluation of short-term analgesic efficacy of orally 
administered dexketoprofen trometamol and ketorolac in bone cancer pain. 
Pain. 2003;104:103-10.

This article describes a multicenter randomized trial comparing 
the efficacy and safety of dexketoprofen trometamol and ketorolac in 115 

patients with metastatic bone pain. After seven days, the pain rating index 
was significantly lower for patients who took dexketoprofen. The adverse 
events were similar in both groups, but a higher percentage of patients 
taking ketorolac withdrew from the study. A higher percentage of patients 
and physicians thought that dexketoprofen was quite effective compared 
with ketorolac. 

Roque M, Martinez MJ, Alonso-Coello P, Catala E, Garcia JL, Ferrandiz M. 
Radioisotopes for metastatic bone pain (Cochrane Review). From The Co-
chrane Library. Issue 1, 2005. Chichester, UK: John Wiley and Sons.

The authors reviewed the available randomized clinical trials evaluat-
ing the efficacy of radioisotopes to control metastatic bone pain as well as 
their effect on patient survival and complications. Only four trials met the in-
clusion criteria, and the results suggested that radioisotopes have a small effect 
on pain control from one to six months. There was no improvement in anal-
gesic use when patients who received radioisotope treatment were compared 
with controls. Patients who received radioisotope treatment had a signifi-
cantly decreased white blood-cell count. This treatment had no effect on spi-
nal cord compression or patient survival. 

Ross JR, Saunders Y, Edmonds PM, Patel S, Broadley KE, Johnston SR. Sys-
tematic review of role of bisphosphonates on skeletal morbidity in metastatic 
cancer. BMJ. 2003;327:469. Erratum in: BMJ. 2004;328:384.

This review of thirty randomized, controlled trials evaluated the effect 
of oral or intravenous bisphosphonates on skeletal morbidity in patients with 
metastatic bone disease. In studies lasting for six months or longer, bisphos-
phonates significantly decreased the risk of fractures, radiotherapy, and 
hypercalcemia. There was no effect on spinal cord compression or patient 
survival. Use of these compounds significantly increased the time to the first 
skeletal event. In studies lasting for more than one year, bisphosphonates sig-
nificantly decreased the need for orthopaedic surgery. The results of specific 
trials are discussed, and recommendations for treatment are outlined.
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Physical Rehabilitation of the Injured Athlete. 
3rd ed.
James R. Andrews, Gary L. Harrelson, and Kevin E. Wilk, edi-
tors. Philadelphia: Saunders; 2004. 680 pages. $99.00.

In this third edition, the authors have provided rehabilitation 
protocols, based on the most recent research evidence, for 
common sports injuries and postoperative conditions. The 
editors have enlisted the contributions of thirty-three authors 
who have expertise in sports rehabilitation. The authors of 
each chapter have attempted to provide a set of guidelines that 
can be tailored to the uniqueness of each athlete in terms of 
his or her pain and swelling and achievement of specific crite-
ria or milestones for advancement. New chapters relating to 
the cervical spine, biomechanics of the shoulder and knee, 
considerations in rehabilitation of the female athlete, proprio-
ception and neuromuscular control, plyometrics, and func-
tional training and advanced rehabilitation have been added, 
as have rehabilitation guidelines for new surgical procedures 
that have come to the forefront since the previous edition. 
Each chapter includes a list of chapter objectives and a suc-
cinct summary of key concepts that were discussed in the 
chapter. The text makes extensive use of summary boxes and 
clinical pearls to highlight important concepts and informa-
tion in the text. The illustrations are well done and add to the 
text. The chapters have extensive and up-to-date references. 
The target audience for this text is the practicing clinician 
interested in sports rehabilitation; however, it would also be 
an appropriate textbook for a rehabilitation course for athletic 
training students.

The introductory chapters provide the groundwork 
and underlying theory for the rehabilitation of patients with 
sports-related injuries and include chapters on the psychologi-
cal and physiological considerations of rehabilitation, the bio-
mechanics of the shoulder and knee, and the use of therapeutic 
modalities. The chapter on biomechanics of the shoulder and 
knee provides evidence for selection of specific exercises to 
strengthen the rotator cuff and scapular muscles and the use of 
open and closed kinetic chain exercises for strengthening of the 
lower extremity. In the chapter on therapeutic modalities, the 
authors have challenged many of the myths and have provided a 
succinct summary of the current evidence that supports the use 
of modalities for acute management of athletic injuries and in 
rehabilitation. It should be noted, however, that the summary of 
the use of electrical stimulation for weakened muscle does not 
consider some of the recent evidence that has demonstrated a 
beneficial effect from high-intensity electrical stimulation. The 
chapter on measurement in rehabilitation is limited to the dis-
cussion of girth measurements and goniometry. Detailed in-
structions for goniometry are provided. This chapter would 

have been strengthened with the addition of information re-
lated to measurement of muscle function. The chapter on range 
of motion and flexibility provides guidelines and techniques for 
stretching musculotendinous and capsuloligamentous struc-
tures and includes detailed instructions for mobilizing specific 
peripheral joints.

The next section of the book includes seven chapters 
that provide the foundations for rehabilitation of the injured 
athlete. These include chapters on the principles of rehabilita-
tion; proprioception and neuromuscular control; applications 
of isokinetics in testing and rehabilitation; functional training 
and advanced rehabilitation; plyometric training and drills; 
aquatic rehabilitation; and rehabilitation considerations for 
the female athlete. The chapter on principles of rehabilitation 
includes a discussion of motor learning, which is missing in 
most other texts that address this issue. The chapter on appli-
cations of isokinetics in testing and rehabilitation includes a 
summary of normative data for isokinetic testing of the shoul-
der in throwing and tennis athletes. The chapter on rehabilita-
tion considerations for the female athlete focuses on the 
potential factors that may increase the female’s risk for lower 
extremity injury and offers suggestions for core stability, 
jump, and balance training programs that should be included 
in the rehabilitation of female athletes.

The remainder of the text contains chapters on rehabili-
tation of the lower leg, ankle, and foot; the knee; the ham-
strings; the quadriceps and groin muscles; the lower back; the 
cervical spine; the shoulder; the elbow; and the wrist and 
hand. Each chapter includes a review of pertinent anatomy 
and biomechanics and a discussion of the nonoperative man-
agement of common sports-related injuries as well as guide-
lines for postoperative management for common surgical 
procedures. The chapter on the ankle and foot includes infor-
mation on gait analysis, taping procedures for the arch, and 
the use of orthotics. The chapter on the knee includes guide-
lines for management of patellofemoral conditions as well as 
postoperative guidelines for lateral patellar release, autograft 
and allograft patellar tendon and autograft hamstring anterior 
cruciate ligament reconstruction, partial meniscectomy, com-
bined posterior cruciate ligament and posterolateral corner 
reconstruction, and articular cartilage lesions. The chapter on 
the lower back includes a description of a classification-based 
method for examination and treatment of low back pain. 
Guidelines and techniques for mobilization and manipulation 
of the spine are also included. The chapter on the shoulder 
includes an in-depth discussion of throwing mechanics; 
rehabilitation principles for the nonoperative management 
of impingement, rotator cuff tears, and instability; and post-
operative guidelines following arthroscopic rotator cuff repair, 
arthroscopic stabilization procedures including thermal cap-
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ulorraphy and anterior Bankart repairs, and open anterior 
apsular shift. The chapter concludes with a description of 
herapeutic exercises for the shoulder, including figures and 
etailed instructions for each exercise. The chapter on the el-
ow includes guidelines for nonoperative and postoperative 
anagement of medial collateral ligament injuries and a sec-

ion on adolescent elbow injuries. The chapter on the wrist 
nd hand includes a summary table that describes the ana-
omical structure involved, the use of splinting, the guidelines 
or passive and active range of motion, the duration of 
trengthening, and the approximate time until return to sport 
or many of the common sports-related wrist and hand inju-
ies. The chapter also includes a description of exercises for 
he wrist and hand. Given the recent advances related to ar-
hroscopic surgery of the hip, a chapter on rehabilitation of 
he hip is noticeably missing.

ames J. Irrgang, PhD, PT, ATC
niversity of Pittsburgh School of Health and 
ehabilitation Sciences
ittsburgh, Pennsylvania

reddie H. Fu, MD
niversity of Pittsburgh School of Medicine
ittsburgh, Pennsylvania

ports Medicine: A Comprehensive Approach. 
nd ed.
iles R. Scuderi and Peter D. McCann, editors. Philadelphia: 
lsevier Mosby; 2005. 782 pages. $99.00.

ports medicine has evolved into a legitimate orthopaedic 
ubspecialty in the United States within the last twenty-five 
ears. Other medical and surgical specialties have also carved 
ut niches in caring for athletes. The knowledge that is cur-
ently required to take care of individual athletes and entire 
ports teams has increased considerably during this time 
eriod. These factors have driven the need for more informa-
ion for the sports-medicine practitioner.

To cover the whole field of sports medicine in a single 
volume of seven hundred and fifty pages of text is a challenge. 
Sports Medicine: A Comprehensive Approach, by Scuderi and 
McCann, accomplishes this task very well. Seventy-nine au-
thors contribute by writing fifty-five chapters. The editors also 
did their share of the work as authors of twelve chapters. The 
ten major sections of the book cover general principles of 
sports medicine, body systems, common sports injuries, the 
female athlete, pediatric and older athletes, rehabilitation, 
general information, and topics confronting the team physi-
cian. The chapter on sports-specific injuries offers helpful 
clinical pearls based on the authors’ experiences in treating in-
juries that are seen commonly in each of the sports. For exam-
ple, the soccer chapter describes malleolar stress fractures, 
which might be overlooked if the clinician were not aware of 
the high prevalence of this injury in soccer.

The strength of this book is that it is indeed comprehen-
sive. As a single source for a sports-medicine practitioner, this 
book touches on most of the common issues that affect ath-
letes. It does so from several approaches. For example, a torn 
anterior cruciate ligament in a young female soccer player is 
covered in the chapters dealing with knee injuries, pediatric 
athletes, female athletes, and soccer injuries as well as in the 
chapters on rehabilitation.

By including such an extremely wide range of topics, all 
subjects cannot be covered in depth. For example, topics such 
as medical-legal issues and substance abuse receive only cur-
sory attention, as do performance enhancement and doping. 
There are not many on-the-field tips, but this book is not a 
technique guide.

Overall, this is an excellent book. There is enough valu-
able information to make this a necessary addition to the train-
ing-room library of high schools and colleges. Primary-care 
doctors will find the musculoskeletal chapters important, and 
orthopaedic team doctors will benefit from the general topics 
that are covered so well.

Bertram Zarins, MD
Massachusetts General Hospital
Boston, Massachusetts
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