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Osteoarthritis is the most common form of arthritis, affecting
millions of people in the United States. It is a complex disease
whose etiology bridges biomechanics and biochemistry. Evidence
is growing for the role of systemic factors, such as genetics, diet,
estrogen use, and bone density, and local biomechanical factors,
such as muscle weakness, obesity, and joint laxity. These risk
factors are particularly important in the weight-bearing joints, and
modifying them may help prevent osteoarthritis-related pain and
disability. Major advances in management to reduce pain and
disability are yielding a panoply of available treatments ranging
from nutriceuticals to chondrocyte transplantation, new oral anti-
inflammatory medications, and health education. This article is
part 2 of a two-part summary of a National Institutes of Health
conference that brought together experts in osteoarthritis from

diverse backgrounds and provided a multidisciplinary and compre-
hensive summary of recent advances in the prevention of osteo-
arthritis onset, progression, and disability. Part 2 focuses on treat-
ment approaches; evidence for the efficacy of commonly used oral
therapies is reviewed and information on alternative therapies,
including nutriceuticals and acupuncture, is presented. Bio-
mechanical interventions, such as exercise and bracing, and be-
havioral interventions directed toward enhancing self-manage-
ment are reviewed. Current surgical approaches are described and
probable future biotechnology-oriented approaches to treatment
are suggested.
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here is no known cure for osteoarthritis, and the goal

of contemporary management of the patient with
osteoarthritis remains control of pain and improvement
in function and health-related quality of life with avoid-
ance, if possible, of therapeutic toxicity. Recent studies
have demonstrated the potential of treatments ranging
from newly approved oral medications to nutriceuticals,
patient education interventions, and surgery. Increasingly,
appropriate treatment of osteoarthritis combines one or
more oral agents with exercise and other biomechanical
techniques.

This article is part 2 of a two-part summary of a Na-
tional Institutes of Health (NIH) conference, “Stepping
Away from OA: Prevention of Onset, Progression, and
Disability of Osteoarthritis.” The conference brought to-
gether experts from diverse backgrounds and provided a
multidisciplinary and comprehensive summary of recent
advances in the prevention of osteoarthritis onset, pro-
gression, and disability. For research questions and oppor-
tunities identified at the conference, see www.nih.gov

/niams/reports/oa/oareport.htm (accessed on 25 May
2000).

SYSTEMIC AND TOPICAL TREATMENTS

Dr. Marc C. Hochberg (University of Maryland
School of Medicine, Baltimore, Maryland), Dr. Timothy
McAlindon (Boston University School of Medicine, Bos-
ton, Massachusetts), and Dr. David T. Felson (Boston
University School of Medicine): Drug therapy for pain
management is most effective when combined with non-
pharmacologic strategies (1, 2). In 1995, the American
College of Rheumatology issued guidelines for the medical
management of osteoarthritis of the hip and knee (2, 3).
Since then, several systematic reviews of drug therapy for
osteoarthritis have been published (4—6). The following
recommendations for systemic and topical treatments (ex-
cept for glucosamine and chondroitin, which were not
evaluated) are derived from updated recommendations of
the American College of Rheumatology for the treatment
of osteoarthritis.

Systemic Treatments
Nonopioid Analgesics

For many patients with osteoarthritis, the relief of
mild to moderate joint pain afforded by the simple anal-
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gesic acetaminophen is comparable to that achieved with a
nonsteroidal anti-inflammatory drug (NSAID) (7, 8). Ac-
cordingly, although acetaminophen fails to adequately re-
lieve pain in many patients, it merits a trial as initial ther-
apy on the basis of its overall cost, efficacy, and toxicity
profile (9, 10). The daily dose of acetaminophen should
not exceed 4 g. Although it is one of the safest analgesics,
acetaminophen can be associated with clinically important
adverse events, such as prolongation of the half-life of war-
farin (11). At therapeutic doses acetaminophen rarely
causes hepatic toxicity, but it should be used cautiously in
patients with existing liver disease and avoided in patients
with chronic alcohol abuse because of known increased risk
in these patients (12—-14). Even though acetaminophen was
reported to be weakly associated with end-stage renal dis-
ease, the Scientific Advisory Committee of the National
Kidney Foundation recommended it as the drug of choice
for analgesia in patients with impaired renal function (15).

Tramadol, a centrally acting oral analgesic, is a syn-
thetic opioid agonist that inhibits reuptake of norepineph-
rine and serotonin. It has been approved by the U.S. Food
and Drug Administration for treatment of moderate to severe
pain and can be considered for use in patients in whom
acetaminophen therapy has failed and who have contra-
indications to NSAIDs, including the cyclooxygenase-2
(COX-2)-specific inhibitors. Although numerous studies
have examined use of tramadol to treat general pain, few
controlled studies have examined its use in osteoarthritis.
The efficacy of tramadol has been found to be comparable
to that of ibuprofen in patients with hip and knee osteo-
arthritis (16), and it is useful as adjunctive therapy in pa-
tients with osteoarthritis whose symptoms were inadequately
controlled with NSAIDs (17). Daily doses of tramadol have
generally been in the range of 200 to 300 mg given in four
divided doses. Side effects are common and include nausea,
constipation, and drowsiness. Despite the opioid pharma-
cology of tramadol, a comprehensive surveillance program
has failed to demonstrate significant abuse, and tramadol
remains an unscheduled agent. Seizures have been reported
as a rare side effect, either at doses above the recommended
range or at doses within the recommended range in pa-
tients with a history of epilepsy and those taking concom-
itant medications that lower the seizure threshold.

NSAIDs
For patients who do not obtain adequate symptom
relief with nonopioid analgesics, use of NSAIDs should be
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considered. The choice between a nonselective NSAID and
a COX-2-specific inhibitor should be made after evalua-
tion of risk factors, particularly for upper gastrointestinal
and renal toxicity. Data from epidemiologic studies show
that among persons 65 years of age or older, 20% to 30%
of all hospitalizations and deaths due to peptic ulcer disease
were attributable to therapy with NSAIDs (18-20). Fur-
thermore, the risk for a catastrophic gastrointestinal event
in elderly patients taking NSAIDs is dose dependent (18).
Risk factors for upper gastrointestinal bleeding in patients
treated with NSAIDs include age 65 years or older, history
of peptic ulcer disease or previous upper gastrointestinal
bleeding, concomitant use of oral corticosteroids or anti-
coagulants, and possibly smoking and alcohol consump-
tion (21-23). Risk factors for reversible renal failure in
patients with intrinsic renal disease who are treated with
NSAIDs include age 65 years or older, hypertension or
congestive heart failure, and concomitant use of diuretics
and angiotensin-converting enzyme inhibitors (24). Addi-
tional considerations involved in a practitioner’s decision
to treat an individual patient with osteoarthritis include
existing comorbid conditions and concomitant therapy, as
well as the side effects and costs of specific treatments.
The options for medical management of the patient
with osteoarthritis who is at increased risk for a serious
adverse upper gastrointestinal event, such as bleeding, per-
foration, or obstruction, are use of a COX-2-specific in-
hibitor or a nonselective NSAID with gastroprotective
therapy. Two COX-2-specific inhibitors, celecoxib and ro-
fecoxib, have been approved by the U.S. Food and Drug
Administration for use in patients with osteoarthritis (25,
26). Celecoxib has been found to be more effective than
placebo and as effective as naproxen for symptoms in pa-
tients with hip or knee osteoarthritis (27-29). Rofecoxib
has also been found to be more effective than placebo and
is comparable in efficacy to both ibuprofen and diclofenac
in patients with hip or knee osteoarthritis (30, 31). Endo-
scopic studies have shown that celecoxib and rofecoxib are
associated with an incidence of gastroduodenal ulcers lower
than that of comparator NSAIDs and similar to that of
placebo (25). These data suggest an advantageous safety
profile compared with nonselective NSAIDs, especially for
treatment of high-risk patients (21-23). However, no large
long-term studies have been published that were designed
to demonstrate differences between COX-2—specific inhib-
itors and nonselective NSAIDs with respect to major gas-
trointestinal clinical outcomes; such studies are in progress.
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A further advantage of COX-2—specific inhibitors with
respect to upper gastrointestinal bleeding is that celecoxib
and rofecoxib do not have a clinically significant effect on
platelet aggregation or bleeding time. In addition, at doses
recommended for treatment of osteoarthritis, these drugs
appear to be better tolerated than comparator nonselective
NSAIDs, with a lower incidence of dyspepsia and other
gastrointestinal side effects. As with nonselective NSAIDs,
however, COX-2—specific inhibitors can cause renal toxic-
ity. Caution must be exercised, therefore, if these drugs are
used in patients with mild to moderate renal insufficiency,
and they should not be used in patients with severe renal
insufficiency. In addition, celecoxib is contraindicated in
patients with a history of allergic reaction to a sulfonamide.

The alternative to use of a COX-2—specific inhibitor is
use of a nonselective NSAID with a gastroprotective agent,
an approach endorsed by the American College of Gastro-
enterology (23). As noted earlier, serious adverse upper
gastrointestinal events attributed to NSAIDs in the elderly
are dose dependent. Therefore, if nonselective NSAIDs are
used, therapy should be begun at low, analgesic doses and
increased to full anti-inflammatory doses only if lower
doses do not provide adequate relief of symptoms. In a
study of 8843 patients with rheumatoid arthritis, miso-
prostol at a dosage of 200 ug four times daily reduced the
incidence of serious ulcer complications, including perfo-
ration, bleeding, and obstruction, by 51% (32). In a 12-
week randomized, double-blind, placebo-controlled endos-
copy study, misoprostol at a dosage of 200 g three times
per day had comparable efficacy in prevention of both gas-
tric and duodenal ulcers; however, 200 pg twice daily con-
ferred significantly less protection against gastric ulcers
(33). Side effects, particularly diarrhea and flatulence, may
occur with this agent in a dose-dependent manner (33).
Alternative approaches to prophylaxis with misoprostol in-
clude use of omeprazole or high-dose famotidine, both of
which have been shown in carefully conducted endoscopy
studies to be effective in treating and preventing NSAID-
induced gastropathy (34-37). Histamine-2 blockers in
usual doses, however, have not been found to be as effec-
tive as misoprostol (36), whereas omeprazole (20 mg/d or
40 mg/d) was as effective as misoprostol (200 pg twice
daily) in treatment of existing ulcers and was better toler-
ated and associated with a lower rate of relapse (37). Of
note, proton-pump inhibitors have not been approved by
the U.S. Food and Drug Administration for use as prophy-
laxis, although they are being widely used for that purpose.
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In addition to their effects on the gastrointestinal mu-
cosa, nonselective NSAIDs inhibit platelet aggregation,
further increasing the risk for gastrointestinal bleeding.
Nonacetylated salicylates (such as choline magnesium tri-
salicylate and salsalate) do not produce the antiplatelet ef-
fects or renal toxicity associated with nonselective NSAIDs
(38) and can also be considered in management of high-
risk patients; however, ototoxicity and central nervous sys-
tem toxicity at clinically efficacious doses may limit their use.

Opioid Analgesics

Patients who do not respond to or cannot tolerate
tramadol and NSAIDs and continue to have severe pain
may be considered candidates for opioid therapy (1). Tol-
erance, dependence, and adverse effects, including respira-
tory depression and constipation, may occur with opioid use.

Glucosamine and Chondroitin

The idea that administration of glucosamine or chon-
droitin sulfate might have therapeutic effects in treating
osteoarthritis by providing substrate for reparative pro-
cesses in cartilage has been around since at least the 1960s.
These compounds occur naturally in the body and may be
involved in the repair and maintenance of normal cartilage.
They have been used for many years in veterinary medicine
for relief of arthritis symptoms. Recently, health and nu-
trition stores, news shows, and popular books have pro-
moted the use of glucosamine and chondroitin sulfate to
treat arthritis, and these products appear to be gaining pop-
ularity among consumers.

Interest in these compounds has been tempered by
lack of a plausible mechanism to explain how they might
achieve a therapeutic effect. Recent laboratory studies indi-
cate that they are absorbed from the gastrointestinal tract
(39, 40) and appear to be capable of increasing proteogly-
can synthesis in articular cartilage (41, 42). Chondroitin
sulfate can increase messenger RNA synthesis by chondro-
cytes (43) and may pardally inhibit leukocyte elastase,
thereby reducing degradation of cartilage collagen and pro-
teoglycans (44—47). Glucosamine and chondroitin sulfate
have been tested as treatments for osteoarthritis in numer-
ous clinical trials, most of which have demonstrated favor-
able effects. Of note, most (if not all) trials were sponsored
by a manufacturer of the product.

A meta-analysis and quality assessment of 15 double-
blind, randomized, placebo-controlled clinical trials of glu-
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cosamine and chondroitin compounds evaluated the effi-
cacy of these agents to treat osteoarthritis (48). All but one
of these trials were classified as positive, and the studies
collectively demonstrated moderate effects for glucosamine
(aggregated effect size, 0.44) and large effects for chon-
droitin (effect size, 0.78) (Figure 1). However, quality
scoring (on a scale of 0 to 100, on which 100 was highest
quality) showed major deficiencies in descriptions of ran-
domization, blinding, and completion rates. Evidence also
suggested publication bias. These methodologic problems
are likely at best to lead to exaggerated estimates of benefit.
In addition, the trials in the meta-analysis measured symp-
toms only. Inferences, therefore, cannot be drawn about
the potential of these compounds to affect the pathologic
progression of osteoarthritis.

High-quality independent studies are needed to test
the efficacy of glucosamine and chondroitin sulfate. The
NIH is supporting a multicenter randomized, double-
blind, placebo-controlled study of patients taking glu-
cosamine alone, chondroitin sulfate alone, glucosamine
and chondroitin sulfate together, or placebo. Results are
expected to be published in 2004.

Topical Analgesics

In persons with osteoarthritis of the hand or knee who
have mild to moderate pain, use of topical analgesics, such
as capsaicin cream, is appropriate as adjunctive treatment
or monotherapy (3). A thin film of capsaicin cream should
be applied to the symptomatic joint four times daily (49).
A local burning sensation is common but rarely leads to
discontinuation of therapy.

TREATMENTS TARGETED AT ALTERING THE
BIOMECHANICS OF THE JOINT
Exercise

Dr. Paul A. Dieppe (University of Bristol, Bristol,
United Kingdom), Dr. Marian A. Minor (University of
Missouri, Columbia, Missouri), and Dr. Steven N. Blair
(Cooper Institute for Aerobics Research, Dallas, Texas):
Exercise is an effective intervention in osteoarthritis and an
important component of primary, secondary, and tertiary
prevention. Prolonged inactivity because of osteoarthritis
results in poor aerobic capacity and increased risk for car-
diovascular disease, obesity, and other inactivity-related
conditions (50—52). Furthermore, distention of the knee
joint capsule because of fluid accumulation in knee osteo-
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Figure 1. Meta-analysis of placebo-controlled trials of
glucosamine and chondroitin in osteoarthritis.
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The white circles represent the effect size of each glucosamine trial; 0 represents no
effect relative to placebo. Horizontal lines represent 95% Cls. The white diamond
represents aggregate results (with 95% CI) for glucosamine trials. The black circles
and diamonds represent the same features for chondroitin. Data from reference 48.

arthritis inhibits quadriceps muscular contraction, leading
to decreased strength (53). Evidence is also growing that
deconditioned muscle, inadequate motion, and periarticu-
lar stiffness may contribute to signs and symptoms of os-
teoarthritis (54, 55).

Well-conditioned muscle and muscular balance are
needed to attenuate impact loads, provide joint stability,
and support function and independence. Muscular condi-
tioning is achieved through well-designed exercise pro-
grams performed with supervision or as home exercise rou-
tines that incorporate training for strength and endurance
at functional speeds and patterns (56—58). Three catego-
ries of exercise therapy are used for osteoarthritis: range of
motion and flexibility exercise, muscle conditioning, and
acrobic cardiovascular exercise. Adequate joint motion and
elasticity of periarticular tissues are necessary for cartilage
nutrition and health, protection of joint structures from
damaging impact loads, and function and comfort in daily
activities. Exercise to regain or maintain motion and flexi-
bility is achieved by routines of low-intensity, controlled
movements that do not cause increased pain (59, 60).
Clinical trials have provided strong evidence of the efficacy
of muscle conditioning and aerobic exercise to lessen symp-
toms in persons with osteoarthritis of the knee (61-63).

More generally, reports in the past few years from the
NIH (64), the Centers for Disease Control and Preven-
tion/American College of Sports Medicine (65), the U.S.
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Surgeon General (66), and the American Heart Association
(67) have concluded that a fit and active way of life pro-
vides numerous health benefits and that physical inactivity
is an important public health problem in the United States,
one that is especially relevant to those with osteoarthritis.
The benefits of activity include reduced risk for several
chronic diseases, increased longevity, improved psycho-
logical health, and enhanced quality of life (64-67). Im-
portant components of quality of life are preservation of
function and reduction in disability associated with mus-
culoskeletal diseases and conditions (66).

Bracing and Footwear

Bracing and corrective footwear have mainly been used
to treat osteoarthritis of the knee but not the hip. There are
good theoretical grounds for use of such interventions:
Shock-absorbing footwear reduces damaging impact load-
ing (68), heel wedging reduces lateral thrust on the knee
(69), support sleeves increase proprioception and reduce
overall feelings of instability (70), dynamic bracing con-
trols lateral instability (71), and taping allows repositioning
of the patella (72). These methods are cost-effective and
simple alternatives to more complex or expensive interven-
tions.

A review of the literature (73) has shown that very few
studies of bracing and footwear have been published and
that most of them are not randomized, controlled trials.
However, the trials that have been undertaken indicate
good symptom relief (70—74), and it has been suggested
that heel wedges are an alternative to knee replacement for
medial tibiofemoral osteoarthritis (75, 76).

ACUPUNCTURE

Dr. Brian M. Berman (University of Maryland School
of Medicine, Baltimore, Maryland): In 1997, a national
survey showed that 26% of persons with self-reported ar-
thritis had used a complementary and alternative therapy
in the past 12 months, a significant increase since 1990
(77). A survey of rheumatology patients in the same year
indicated that nearly two thirds use complementary and
alternative therapies; those with osteoarthritis are the most
frequent users (78). Many patients used more than one
type of complementary and alternative therapy, and at least
half did not tell their physicians. Common reasons given
for use of complementary and alternative therapy are dis-
satisfaction with conventional medicine and feelings that it
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is ineffective (78, 79). Alternative treatments used included
herbs, nutrition, mind—body interventions, homeopathy,
manual healing, bioelectromagnetic therapy, and acupunc-
ture. The current data are insufficient or inadequate to
permit recommendations on the use of devices, such as
bioelectromagnetic fields and magnets or nutritional inter-
ventions (including herbs). The remainder of this section
therefore focuses on acupuncture.

Basic science research suggests that acupuncture re-
lieves pain through activation of the gate-control system, in
which large nerve fibers are stimulated and suppress small
fibers that transmit signals in the dorsal horn of the spinal
cord (80, 81), or through release of neurochemicals in the
central nervous system (82-87). Several clinical trials have
been conducted in the United States and Europe on the
effectiveness of acupuncture for osteoarthritis (88-96).
Many of the studies have compared acupuncture with
sham acupuncture or inert placebo (for example, mock
transcutaneous electric nerve stimulation). Although these
trials have shown significant improvement in pain scores,
no significant between-group differences were found (88—
92). Results of a systematic review of the literature by Ernst
(97) were generally inconclusive; seven of the included
studies reported positive results for acupuncture treatment
and six reported nonsignificant results. Overall, the meth-
odologic quality of the trial designs was poor, including
small samples and failure to control for placebo effects.
Two more recent, larger trials (96, 98), however, have sug-
gested efficacy of acupuncture under controlled conditions,
one of which involved a sham acupuncture control (98);
this finding raises the possibility that the negative results
obtained previously were a function of small samples (99).

Thus, the research to date on the efficacy of acupunc-
ture in osteoarthritis is inconclusive but promising. A large
NIH-funded multisite clinical trial (570 persons), due to
be completed in June 2001, is evaluating the efficacy,
safety, and cost-effectiveness of acupuncture for osteoar-
thritis.

BEHAVIORAL INTERVENTIONS

Dr. James F. Fries (Stanford University School of
Medicine, Palo Alto, California), Dr. Morris Weinberger
(Indiana University, Indianapolis, Indiana), and Dr. Kate
R. Lorig (Stanford University School of Medicine): Con-
trolled, randomized trials of behavioral interventions—
notably telephone, mail-delivered (100), and group self-
management programs— have established major new be-
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havioral and social therapeutic interventions as safe and
effective in treatment of osteoarthritis. In addition, adher-
ence to such treatments as medications and exercise may be
reinforced by telephone-based interventions.

Individualized Telephone-Based Interventions

Telephone-based strategies offer many attractive fea-
tures for delivering sociobehavioral interventions for pa-
tients with osteoarthritis. First, telephones are ubiquitous:
More than 95% of U.S. residents have telephones in their
homes. Second, telephone-based strategies may overcome
literacy and language barriers, as well other access problems
(for example, they can reach homebound patients). Finally,
because they can be used at times that are convenient for
patients and providers, telephone-based programs can
overcome pragmatic obstacles to education that exist in
busy outpatient settings (such as those related to space and
time) (101).

Telephone-based programs can be an effective adjunct
to care for patients with osteoarthritis. Investigators have
evaluated telephone calls by non—health care professionals
to review patients’ medications, symptoms, and scheduled
outpatient visits and to discuss barriers to keeping appoint-
ments. Studies with longitudinal (102) and experimental
designs (103, 104) have demonstrated clear benefit in
terms of patients’ functional status and need for subse-
quent health care and show that telephone-based programs
can be delivered at very low cost (105). Of note, the same
intervention delivered during regularly scheduled clinic vis-
its had no benefit and even resulted in worse physical func-
tioning. In an extension of this research, counselors used
standardized scripts to initiate telephone-based, nondirec-
tive counseling. Telephone counseling, but not symptom
monitoring, had beneficial effects for patients with osteo-
arthritis (106).

Group Programs

Patient education is a cornerstone of the treatment of
osteoarthritis. Data suggest that group patient education
for people with osteoarthritis improves health status and is
cost effective (107, 108). Group sociobehavioral interven-
tions produce moderate reductions in pain, the symptom
of most concern to persons with arthritis (109). Such pro-
grams include patient education content, behavioral change
techniques, reciprocal social interaction, and structure based
on psychological theory.
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Figure 2. Decreases in pain, depression, and physician
visits in 401 patients after 4 months (white bars) and
4 years (shaded bars) of an arthritis self-management
program.
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Pain was measured by using a visual analogue scale in which patients were asked to
quantify their current pain. The depression score is derived from Center for Epi-
demiologic Studies—Depression symptoms scale. Data from reference 107.

The Arthritis Self-Management Program is one such
program. It is a community-taught, peer-led intervention
in which patients gain skills and self-efficacy to manage the
consequences of their disease. In the late 1970s, the pro-
gram was developed and evaluated in a 4-month random-
ized trial (110). In several studies conducted over the past
20 years, participants in the Arthritis Self-Management
Program reduced their pain by 12% to 19% in the course
of 1 month to 4 years (P < 0.05 compared with controls)
(107, 109, 110). Figure 2 shows results of one study that
showed decreases in pain and visits to physicians for arthri-
tis problems at 4 months and 4 years and a decrease in
depression at 4 months (107). In a study of coping strate-
gies, Keefe and colleagues (111), during 10 weeks of group
sessions, taught patients and their spouses to cope with
osteoarthritis; this strategy reduced pain by 18% (P < 0.05
compared with controls).

Patient education programs have also been found to be
cost-effective. In a 4-year longitudinal study of the Arthri-
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Table. Selected Preliminary Clinical Results of Cartilage Transplantation

Treatment Clinical Application

Osteochondral autograft
young patients

Osteochondral allograft

articular surface

Tissue engineering
Autologous chondrocyte therapy
10-12 mm in diameter
Undifferentiated mesenchymal cells

Small chondral lesions 10-22 mm in diameter;

Post-traumatic osteoarthritis and traumatic
defects of single femoral condyle or tibial
plateau; osteonecrosis of distal femoral

Localized defects of femoral condyle; patella

Localized chondral defects <2 cm in diameter

Trial Results

Short follow-up (1-5 years); hyaline cartilage observed,
but incomplete integration to host; 91% of patients
had clinically good or excellent outcome (130)

Fresh osteochondral allografts: 75% successful at 5
years, 64% at 10 years (134, 135); frozen
osteochondral allografts for distal femoral condyle:
70% successful at 4.2 years (126)

Clinical improvement observed in 90% of patients at
2-9 years of follow-up (128)

Very early clinical application; hyaline cartilage
observed at <1 year in biopsy specimens

tis Self-Management Program, visits to physicians by pa-
tients with osteoarthritis were reduced by 39%, for net
savings of approximately $189 per participant (1987 U.S.
dollars) (107). In a randomized trial, Cronan and col-
leagues (108) found a savings of $1156 dollars per patient
per year after participation in a group patient education
intervention. These savings are based on significantly fewer
days spent in the hospital.

Sociobehavioral interventions are more effective than
informational programs in decreasing pain (109). Several
studies in the past 15 years have suggested that self-efficacy,
or confidence, is one of the mechanisms by which patient
education and sociobehavioral interventions improve
health status (107, 109-111). In the Spanish-language ver-
sion of the Arthrids Self-Management Program (112),
baseline self-efficacy and improvements in self-efficacy
from baseline to 4 months were significant predictors of
less pain at 1 year (P < 0.01).

Despite results showing that sociobehavioral interven-
tions in people with osteoarthritis improve health status
and are cost-effective, less than 2% of the U.S. population
with osteoarthritis has participated in these interventions.
One reason is that these interventions have been imple-
mented largely outside the health care system. Until so-
ciobehavioral interventions are incorporated into medical
care, their benefits may go largely unrealized.

SURGICAL TREATMENT OF OSTEOARTHRITIS: CURRENT
AND FUTURE APPROACHES

Dr. Joshua J. Jacobs (Rush-Presbyterian-St. Luke’s
Medical Center, Chicago, Illinois) and Dr. Victor Gold-
berg (Case Western Reserve University, Cleveland, Ohio):
In the vast majority of cases, surgical treatment of osteoar-
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thritis is considered only after failure of nonsurgical treat-
ments. Four categories of nonbiological procedures are
considered surgical management: osteotomy, arthroscopy,
arthrodesis, and arthroplasty. Osteotomies are performed
in persons with early osteoarthritis and may relieve symp-
toms and slow the rate of progression (113). Arthroscopic
debridement and lavage can also successfully alleviate
symptoms, particularly in the case of degenerative meniscal
tears in the presence of mechanical symptoms. However,
when there is substantial joint-space narrowing, arthro-
scopic surgery has limited benefit.

Arthrodesis, or joint fusion, successfully alleviates pain
and is commonly performed in the spine and in small
joints of the carpus, hand, and foot. Arthrodesis of the
major proximal joints of the upper and lower extremities is
not well tolerated because of the major functional deficits
associated with loss of motion. In the hip and knee, arth-
rodesis is reserved for the very young patient with unilat-
eral disease or as salvage therapy.

Total joint arthroplasty represents the most significant
advancement in the treatment of osteoarthritis in the past
century. It is the mainstay of surgical treatment of the
osteoarthritic hip, knee, and glenohumeral joint. For most
persons, especially elderly ones, total joint replacement is a
highly successful procedure that will probably last for the
duration of their lives (114-116). By all measures, total
joint replacement is among the most effective of all medi-
cal interventions; the pain and disability of end-stage os-
teoarthritis can be eliminated, restoring patients to near-
normal function (117, 118). This operation is also highly
cost-effective (119).

Total joint replacement has limited durability in per-
sons with life expectancies exceeding 20 years and those
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who wish to participate in high-demand activities. The
most common reasons for failure of joint replacement that
may lead to revision surgery are aseptic loosening and os-
teolysis, processes that are time- and activity-dependent
(120). Osteolysis and aseptic loosening result from the in-
teraction between corrosion and wear debris generated from
the implant materials and the cells (macrophages, fibro-
blasts, osteoblasts, and osteoclasts) within the peripros-
thetic environment (121, 122). To improve the longevity
of joint reconstructions, intense research activity is focused
on developing more wear- and corrosion-resistant materi-
als. In addition, great strides have been made in our un-
derstanding of the local cell response, producing optimism
that further research will yield therapies that will mitigate
the adverse host response to prosthetic debris (123).

Recently, biological approaches to the surgical treat-
ment of osteoarthritis have been explored. However, the
repair of articular cartilage remains elusive, and the state-
ment by Hunter in 1743 (124) that “ulcerated cartilage is
a troublesome thing, once destroyed is not repaired” re-
mains true today. Biological restoration of articular carti-
lage loss can be approached using two different treatment
strategies (125, 126). In the first approach, the resident
hyaline cartilage is stimulated to repair the defects by me-
chanical means, such as osteotomy, or by biological en-
hancement of bone marrow progenitor cells or growth fac-
tors. In the second approach, cartilage transplantation, the
articular cartilage is replaced with adult tissue or cells (127,
128).

Three types of cartilage transplantation are available:
osteochondral autografting, osteochondral allografting, and
use of tissue engineering to transplant committed differen-
tiated chondrocytes (128) or undifferentiated chondro-
progenitor cells placed in a supportive carrier to repair
osteochondral defects (126, 127, 129) (Table). Tissue en-
gineering is still in its infancy, and only preliminary exper-
imental and clinical studies are available.

Osteochondral autografts are currently used clinically
to replace small defects (132, 133). Osteochondral allo-
grafts have been widely used to replace large, traumatic
femoral osteochondral defects; however, the long-term suc-
cess of these grafts has not yet been determined (130, 131,
134, 135). Osteochondral autografting and allografting
may be effective, but, in general, grafting does not appear
to be applicable for most joints with osteoarthritis, a situ-
ation in which articular cartilage defects are often too large
for this approach to be successful.
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Finally, tissue engineering of biologically active cells,
signal molecules, and a biomatrix to assemble functional
tissues and organs are promising biological treatments
(125, 127). Early clinical and experimental results of au-
tologous chondrocyte therapy suggest that approximately
90% of patients experience clinical improvement (128).
However, the long-term durability of this treatment ap-
proach remains in doubt. Another approach has been to
use undifferentiated mesenchymal cells in a supportive bio-
matrix. Early experimental studies suggest that these cells
are capable of synthesizing adult functional hyaline carti-
lage (129). However, additional studies are needed to ad-
dress the ideal combination of cells, biomatrices, and
growth factors to provide an effectively tissue-engineered
articular surface for long-term successful function.

From Boston University School of Medicine, Boston, Massachusetts;
National Institute of Arthritis and Musculoskeletal and Skin Diseases,
National Institutes of Health, Bethesda, Maryland; University of Mary-
land School of Medicine, Baltimore, Maryland; MRC Health Services
Research Collaboration, University of Bristol, Bristol, United Kingdom;
University of Missouri, Columbia, Missouri; Cooper Institute for Aero-
bics Research, Dallas, Texas; Stanford University School of Medicine,
Palo Alto, California; Indiana University, Indianapolis, Indiana; Rush-
Presbyterian-St. Luke’s Medical Center, Chicago, Illinois; and Case
Western Reserve University, Cleveland, Ohio.

Disclosure: Dr. Hochberg receives research support from and is a con-
sultant to Merck and Co. Dr. Blair is a consultant to Knoll Pharmaceu-
ticals and Roche Laboratories; has science or research contracts with
Polar Electro Oy, McNeil Consumer Products, and Roche Laboratories;
and is on the Scientific Advisory Boards of Life Fitness International,
Polar Electro Oy, E-Med, Jenny Craig, Bally Total Fitness Sports Med-
icine, and Sherbrooke Capital. Dr. Jacobs is a consultant to Zimmer,
Inc., and receives research support from Zimmer, Inc., Merck and Co.,
and Wright Medical.

Acknowledgments: The authors thank the conference moderators who
helped synthesize the thoughts presented here: Allan Gelber, MD; Mar-
garet Lethbridge-Cejku, PhD; Joanne M. Jordan, MD, MPH; Roland
W. Moskowitz, MD; Kenneth D. Brandt, MD; Van C. Mow, PhD; and
Stephen B. Trippel, MD. They also thank Cori Vanchieri, Constance
Raab, and Susan Stark for editorial assistance.

Grant Support: The conference was initiated, organized, and funded by
the National Institute of Arthritis and Musculoskeletal and Skin Diseases
of the National Institutes of Health (NIH), which also coordinated and
funded the reporting of the proceedings. Cofunding for the conference
was provided by the NIH Office of Disease Prevention, NIH National
Center for Complementary and Alternative Medicine, NIH Office of
Research on Women’s Health, NIH Office of Behavioral and Social
Sciences Research, NIH National Center for Medical Rehabilitation Re-

7 November 2000 | Annals of Internal Medicine [ Volume 133 ¢ Number 9|733



NIH CONEERENCE | Osteoarthritis: New Insights. Part 2

search, National Institute of Child Health and Human Development,
Centers for Disease Control and Prevention, Arthritis Foundation, and
American Academy of Orthopaedic Surgeons.

Requests for Single Reprints: Reva C. Lawrence, MPH, National In-
stitute of Arthritis and Musculoskeletal and Skin Diseases, National In-
stitutes of Health, Building 45, Room 5AS-37G, Bethesda, MD 20892-
6500.

Current Author Addresses: Drs. Felson and McAlindon: Boston Uni-
versity School of Medicine, 715 Albany Street, Room A203, Boston, MA
02118.

Ms. Lawrence: National Institute of Arthritis and Musculoskeletal and
Skin Diseases, National Institutes of Health, Building 45, Room 5AS-
37G, Bethesda, MD 20892-6500.

Dr. Hochberg: University of Maryland School of Medicine, 10 South
Pine Street, MSTF 8-34, Baltimore, MD 21201.

Dr. Dieppe: MRC Health Services Research Collaboration, University of
Bristol, Canynge Hall, Whiteladies Road, BS8 2PR, Bristol, United
Kingdom.

Dr. Minor: Department of Physical Therapy, University of Missouri,
106 Lewis Hall, Columbia, MO 65211.

Dr. Blair: Cooper Institute for Aerobics Research, 12330 Preston Road,
Dallas, TX 75230.

Dr. Berman: University of Maryland School of Medicine, Complemen-
tary Medicine Program, 2200 Kernan Drive, 3rd Floor Mansion, Balti-
more, MD 21207.

Dr. Fries: Stanford University School of Medicine, 1000 Welch Road,
Suite 203, Palo Alto, CA 94304-5755.

Dr. Weinberger: Indiana University, 1001 West 10th Street, Indianap-
olis, IN 46202.

Dr. Lorig: Stanford Patient Education Research Center, Stanford Uni-
versity School of Medicine, 1000 Welch Road, Suite 204, Palo Alto, CA
94304.

Dr. Jacobs: Rush-Presbyterian-St. Luke’s Medical Center, 1653 West
Congress Parkway, Chicago, IL 60612-3833.

Dr. Goldberg: Department of Orthopaedics, School of Medicine, Case
Western Reserve University, 11100 Euclid Avenue, Cleveland, OH
44106.

References

1. The management of chronic pain in older persons: AGS Panel on Chronic
Pain in Older Persons. American Geriatrics Society. ] Am Geriatric Soc. 1998;
46:635-51.

2. Hochberg MC, Altman RD, Brandt KD, Clark B, Dieppe PA, Griffin MR,
et al. Guidelines for the medical management of osteoarthritis. Part I. Osteoar-
thritis of the hip. American College of Rheumatology. Arthritis Rheum. 1995;
38:1535-40.

3. Hochberg MC, Altman RD, Brandt KD, Clark B, Dieppe PA, Griffin MR,
et al. Guidelines for the medical management of osteoarthritis. Part II. Osteoar-
thritis of the knee. American College of Rheumatology. Arthritis Rheum. 1995;
38:1541-6.

4. Towheed TE, Hochberg MC. A systematic review of randomized controlled

734 |7 November 2000 | Annals of Internal Medicine | Volume 133 * Number 9

trials of pharmacological therapy in patients with osteoarthritis of the hip. ] Rheu-
matol. 1997;24:349-57.

5. Towheed TE, Hochberg MC. A systematic review of randomized controlled
trials of pharmacological therapy in patients with osteoarthritis of the knee. Semin
Arthritis Rheum. 1997;27:755-70.

6. Watson MC, Brookes ST, Kirwan JR, Faulkner A. Osteoarthritis: the com-
parative efficacy of non-aspirin non-steroidal anti-inflammatory drugs for the
management of osteoarthritis of the knee (Cochrane Review). In: The Cochrane
Library. 1998;3. Oxford: Update Software, 1998.

7. Bradley JD, Brandt KD, Katz BP, Kalasinski LA, Ryan SI. Comparison of an
anti-inflammatory dose of ibuprofen, an analgesic dose of ibuprofen, and acet-
aminophen in the treatment of patients with osteoarthritis of the knee. N Engl
] Med. 1991;325:87-91.

8. Williams HJ, Ward JR, Egger M]J, Neuner R, Brooks RH, Clegg DO, et al.
Comparison of naproxen and acetaminophen in a two-year study of treatment of
osteoarthritis of the knee. Arthritis Rheum. 1993;36:1196-206.

9. Holzer SS, Cuerdon T. Development of an economic model comparing acet-
aminophen to NSAIDs in the treatment of mild-to-moderate osteoarthritis.
American Journal of Managed Care. 1996;2(Suppl):S15-526.

10. Eccles M, Freemantle N, Mason J. North of England evidence based guide-
line development project: summary guideline for non-steroidal anti-inflammatory
drugs versus basic analgesia in treating the pain of degenerative arthritis. The
North of England Non-Steroidal Anti-Inflammatory Drug Guideline Develop-
ment Group. BMJ. 1998;317:526-30.

11. Hyiek EM, Heiman H, Skates FJ, Sheehan MA, Singer DE. Acetamino-
phen and other risk factors for excessive warfarin anticoagulation. JAMA. 1998;
279:657-62.

12. Schiodt FV, Rochling FA, Casey DL, Lee WM. Acetaminophen toxicity in
an urban county hospital. N Engl ] Med. 1997;337:1112-7.

13. Whitcomb DC, Block GD. Association of acetaminophen hepatotoxicity
with fasting and ethanol use. JAMA. 1994;273:1845-50.

14. Seifert CF, Lucas DS, Vondracek TG, Kastens DJ, McCarty DL, Bui B.
Patterns of acetaminophen use in alcoholic patients. Pharmacotherapy. 1993;13:
391-5.

15. Henrich WL, Agodoa LE, Barrett B, Bennett WM, Blantz RC, Buckalew
VM J1, et al. Analgesics and the kidney: summary and recommendations to the
Scientific Advisory Board of the National Kidney Foundation from an Ad Hoc
Committee of the National Kidney Foundation. Am ] Kidney Dis. 1996;27:
162-5.

16. Dalgin P. Comparison of tramadol HCl and ibuprofen for the chronic pain
of osteoarthritis. The TPS-OA Study Group [Abstract]. Arthritis Rheum. 1997;
40:S86.

17. Roth SH. Efficacy and safety of tramadol HCl in breakthrough musculoskel-
etal pain attributed to osteoarthritis. ] Rheumatol. 1998;25:1358-63.

18. Griffin MR, Ray WA, Schaffner W. Nonsteroidal anti-inflammatory drug
use and death from peptic ulcer in elderly persons. Ann Intern Med. 1988;109:
359-63.

19. Griffin MR, Piper JM, Daugherty JR, Snowden M, Ray WA. Nonsteroidal
anti-inflammatory drug use and increased risk for peptic ulcer disease in elderly
persons. Ann Intern Med. 1991;114:257-63.

20. Smalley WE, Griffin MR. The risks and costs of upper gastrointestinal
disease attributable to NSAIDs. Gastroenterol Clin North Am. 1996;25:373-96.
21. Gabriel SE, Jaakkimainen L, Bombardier C. Risk for serious gastrointestinal
complications related to use of nonsteroidal anti-inflammatory drugs. A meta-
analysis. Ann Intern Med. 1991;115:787-96.

22. Simon LS, Hatoum HT, Bittman RM, Archambault WT, Polisson RP.
Risk factors for serious nonsteroidal-induced gastrointestinal complications: re-

gression analysis of the MUCOSA Trial. Fam Med. 1996;28:204-10.

www.annals.org



23. Lanza FL. A guideline for the treatment and prevention of NSAID-induced
ulcers. Members of the Ad Hoc Committee on Practice Parameters of the Amer-
ican College of Gastroenterology. Am J Gastroenterol. 1998;93:2037-46.

24. Garella S, Matarese RA. Renal effects of prostaglandins and clinical adverse
effects of nonsteroidal anti-inflammatory agents. Medicine (Baltimore). 1984;63:
165-81.

25. Hawkey CJ. COX-2 inhibitors. Lancet. 1999;353:307-14.

26. Silas S, Clegg DO. Selective COX-2 inhibition. Bull Rheum Dis. 1999;
48:1-4.

27. Simon LS, Lanza FL, Lipsky PE, Hubbard RC, Talwalker S, Schwartz BD,
et al. Preliminary study of the safety and efficacy of SC-58365, a novel cycloox-
ygenase 2 inhibitor: efficacy and safety in two placebo-controlled trials in osteo-
arthritis and rheumatoid arthritis, and studies of gastrointestinal and platelet ef-
fects. Arthritis Rheum. 1998;41:1591-602.

28. Hubbard R, Geis GS, Woods E, Yu S, Zhao W. Efficacy, tolerability, and
safety of celecoxib, a specific COX-2 inhibitor [Abstract]. Arthritis Rheum. 1998;
41(Suppl 9):5196.

29. Celecoxib for arthritis. Med Lett Drugs Ther. 1999;41:11-2.

30. Cannon G, Caldwell J, Holt P, McLean B, Zeng Q, Ehrich E, et al.
MK-0966, a specific COX-2 inhibitor, has clinical efficacy comparable to diclofe-
nac in the treatment of knee and hip osteoarthritis in a 26-weck controlled
clinical trial. The MK-0966 Phase III Protocol 035 Study Group [Abstract].
Arthritis Rheum. 1998;41(Suppl 9):S196.

31. Saag K, Fisher C, McKay ], Ehrich E, Zhao PL, Bolognese J, et al. MK-
0966, a specific COX-2 inhibitor, has clinical efficacy comparable to ibuprofen in
the treatment of knee and hip osteoarthritis in a 6-weck controlled clinical trial.
The MK-0966 Phase III Protocol 033 Study Group [Abstract]. Arthritis Rheum
1998;41(Suppl 9):5196.

32. Silverstein FE, Graham DY, Senior JR, Davies HW, Struthers BJ, Bittman
RM, et al. Misoprostol reduces serious gastrointestinal complications in patients
with rheumatoid arthritis receiving nonsteroidal anti-inflammatory drugs. A ran-
domized, double-blind, placebo-controlled trial. Ann Intern Med. 1995;123:
241-9.

33. Raskin JB, White RH, Jackson JE, Weaver AL, Tindall EA, Lies RB, et al.
Misoprostol dosage in the prevention of nonsteroidal anti-inflammatory drug-
induced gastric and duodenal ulcers: a comparison of three regimens. Ann Intern
Med. 1995;123:344-50.

34. Taha AS, Hudson N, Hawkey CJ, Swannell AJ, Trye PN, Cottrell ], et al.
Famotidine for the prevention of gastric and duodenal ulcers caused by non-
steroidal anti-inflammatory drugs. N Engl ] Med. 1996;334:1435-9.

35. Ekstrom P, Carling L, Wetterhus S, Wingren PE, Anker-Hansen O, Lun-
degardh G, et al. Prevention of peptic ulcer and dyspeptic symptoms with
omeprazole in patients receiving continuous non-steroidal anti-inflammatory
drug therapy. A Nordic multicentre study. Scand ] Gastroenterol. 1996;31:
753-8.

36. Yeomans NE, Tulassay Z, Juhasz L, Racz I, Howard JM, van Rensburg CJ,
et al. A comparison of omeprazole with ranitidine for ulcers associated with
nonsteroidal anti-inflammatory drugs. Acid Suppression Trial: Ranitidine versus
Omeprazole for NSAID-induced Ulcer Treatment (ASTRONAUT) Study
Group. N Engl ] Med. 1998;338:719-26.

37. Hawkey CJ, Karrasch JA, Szczepanski L, Walker DG, Barkun A, Swannell
AJ, et al. Omeprazole compared with misoprostol for ulcers associated with non-
steroidal antiinflammatory drugs. Omeprazole versus Misoprostol for NSAID-
induced Ulcer Management (OMNIUM) Study Group. N Engl ] Med. 1998;
338:727-34.

38. Furst DE. Are there differences among nonsteroidal anti-inflammatory drugs?
Comparing acetylated salicylates, nonacetylated salicylates, and nonacetylated
nonsteroidal anti-inflammatory drugs. Arthritis Rheum. 1994;37:1-9.

www.annals.org

Osteoarthritis: New Insights. Part 2 NIH CONFERENCE

39. Ronca F, Palmieri L, Panicucci P, Ronca G. Anti-inflammatory activity of
chondroitin sulfate. Osteoarthritis Cartilage. 1998;6(Suppl A):14-21.

40. Setnikar I, Giacchetti C, Zanolo G. Pharmacokinetics of glucosamine in the
dog and in man. Arzneimittelforschung. 1986;36:729-35.

41. Uebelhart D, Thonar EJ, Zhang J, Williams JM. Protective effect of exog-
enous chondroitin 4,6-sulfate in the acute degradation of articular cartilage in the
rabbit. Osteoarthritis Cartilage. 1998;6(Suppl A):6-13.

42. Bassleer C, Rovati L, Franchimont P. Stimulation of proteoglycan produc-
tion by glucosamine sulfate in chondrocytes isolated from human osteoarthritic
articular cartilage in vitro. Osteoarthritis Cartilage. 1998;6:427-34.

43. Vacha ], Pesakova V, Krajickova J, Adam M. Effect of glycosaminoglycan
polysulfate on the metabolism of cartilage ribonucleic acid. Arzneimittelfors-
chung. 1984;34:607-9.

44. Baici A, Salgam P, Fehr K, Boni A. Inhibition of human elastase from
polymorphonuclear leucocytes by a glycosaminoglycan polysulfate. Biochem
Pharmacol. 1980;29:1723-7.

45. Baici A, Bradamanate P. Interactions between human leukocyte elastase and
chondroitin sulfate. Chem Biol Interact. 1984;51:1-11.

46. Marossy K. Interaction of the chymotrypsin- and elastase-like enzyme of the
human granulocyte with glycosaminoglycans. Biochim Biophys Acta. 1981;659:
351-61.

47. De Gennaro F, Piccioni PD, Caporali R, Luisetti M, Contecucco C. Effet
du traitement par le sulfate de galactosaminoglucuronoglycane sur I'estase granu-
locytaire synovial de patients atteints d’osteoarthrose. Liter Rhumatologica. 1992;
14:53-60.

48. McAlindon TE, LaValley MP, Gulin JP, Felson DT. Glucosamine and
chondroitin for treatment of osteoarthritis: a systematic quality assessment and
meta-analysis. JAMA. 2000;283:1469-75.

49. Deal CL, Schnitzer T], Lipstein E, Seibold JR, Stevens RM, Levy MD, et
al. Treatment of arthritis with topical capsaicin: a double-blind trial. Clin Ther.
1991;13:383-95.

50. Minor MA. Physical activity and management of arthritis. Ann Behav Med.
1990;13:117-24.

51. Ettinger WH Jr, Afable RF. Physical disability from knee osteoarthritis: the
role of exercise as an intervention. Med Sci Sports Exerc. 1994;26:1435-40.

52. Ries MD, Philbin EF, Groff GD. Relationship between severity of gonoar-
throsis and cardiovascular fitness. Clin Orthop. 1995;313:169-76.

53. DeAndrade JR, Grant C, Dixon AS. Joint distension and reflex muscle
inhibition in the knee. ] Bone Joint Surg Am. 1965;47:313-22.

54. Slemenda C, Brandt KD, Heilman DK, Mazzuca S, Braunstein EM, Katz
BP, et al. Quadriceps weakness and osteoarthritis of the knee. Ann Intern Med.
1997;127:97-104.

55. Radin EL, Paul IL. Response of joints to impact loading. I. In vitro wear.
Arthritis Rheum. 1971;14:356-62.

56. Hurley MV, Scott DL. Improvements in quadriceps sensorimotor function
and disability of patients with knee osteoarthritis following a clinically practicable
exercise regime. Br ] Rheumarol. 1998;37:1181-7.

57. Fisher NM, Pendergast DR, Gresham GE, Calkins E. Muscle rehabilitation:
its effect on muscular and functional performance of patients with knee osteoar-
thritis. Arch Phys Med Rehabil. 1991;72:367-74.

58. O’Reilly SC, Muir KR, Doherty M. Effectiveness of home exercise on pain
and disability from osteoarthritis of the knee: a randomised controlled trial. Ann
Rheum Dis. 1999;58:15-9.

59. American College of Sports Medicine Position Stand. The recommended
quantity and quality of exercise for developing and maintaining cardiorespiratory
and muscular fitness, and flexibility in healthy adults. Med Sci Sports Exerc.
1998;30:975-91.

7 November 2000 | Annals of Internal Medicine [ Volume 133 ¢ Number 9|735



NIH CONEERENCE | Osteoarthritis: New Insights. Part 2

60. American College of Sports Medicine Position Stand. Exercise and physical
activity for older adults. Med Sci Sports Exerc. 1998;30:992-1008.

61. Minor MA, Hewett JE, Webel RR, Anderson SK, Kay DR. Efficacy of
physical conditioning exercise in patients with rheumatoid arthritis or osteoarthri-
tis. Arthritis Rheum. 1989;32:1397-405.

62. Ettinger WH Jr, Burns R, Messier SP, Applegate W, Rejeski WJ, Morgan
T, et al. A randomized trial comparing aerobic exercise and resistance exercise
with a health education program in older adults with knee osteoarthritis. The
Fitness Arthritis and Seniors Trial (FAST). JAMA. 1997;277:25-31.

63. van Baar ME, Assendelft W], Dekker J, Oostendorp RA, Bijlsma JW.
Effectiveness of exercise therapy in patients with osteoarthritis of the hip or knee:
a systematic review of randomized clinical trials. Arthritis Rheum. 1999;42:
1361-9.

64. Physical activity and cardiovascular health. NIH Consensus Development
Panel on Physical Activity and Cardiovascular Health. JAMA. 1996;276:241-6.
65. Pate RR, Pratt M, Blair SN, Haskell WL, Macera CA, Bouchard C, et al.
Physical activity and public health. A recommendation from the Centers for
Disease Control and Prevention and the American College of Sports Medicine.
JAMA. 1995;273:402-7.

66. U.S. Department of Health and Human Services. Physical Activity and
Health: A Report of the Surgeon General. Atanta: U.S. Department of Health
and Human Services, Centers for Disease Control and Prevention, National Cen-
ter for Chronic Disease Prevention and Health Promotion; 1996. Available on
the Internet (www.cdc.gov/ncedphp/sgr/sgr.htm). Accessed 11 June 2000.

67. Fletcher GF, Balady G, Blair SN, Blumenthal J, Caspersen C, Chaitman B,
et al. Statement on exercise: benefits and recommendations for physical activity
programs for all Americans. A statement for health professionals by the Commit-
tee on Exercise and Cardiac Rehabilitation of the Council on Clinical Cardiology,
American Heart Association. Circulation. 1996;94:857-62.

68. Simon SR, Radin EL, Paul IL, Rose RM. Response of joints to impact
loading. II. In vivo behavior of subchondral bone. J Biomech. 1972;5:267-72.
69. Yasuda K, Sasaki T. The mechanics of treatment of the osteoarthritic knee
with a wedged insole. Clin Orthop. 1987;215:162-72.

70. Perlau R, Frank C, Fick G. The effect of elastic bandages on human knee
proprioception in the uninjured population. Am J Sports Med. 1995;23:251-5.
71. Pollo FE. Clinical gait analysis in biomechanics. IEEE Eng Med Biol Mag.
1998;17:32-3.

72. Cushnaghan J, McCarthy C, Dieppe P. Taping the patella medially: a new
treatment for osteoarthritis of the knee joint? BMJ. 1994;308:753-5.

73. Pollo F. Bracing and heel wedging for unicompartmental osteoarthritis of the
knee. Am J Knee Surg. 1998;11:47-50.

74. Horlick S, Loomer R. Valgus bracing for medial gonarthrosis. Clin J Sports
Med. 1993;3:251-5.

75. Sasaki T, Yasuda K. Clinical evaluation of the treatment of osteoarthritic
knees using a newly designed wedged insole. Clin Orthop. 1987;221:181-7.

76. Keating EM, Faris PM, Ritter MA, Kane J. Use of lateral heel and sole
wedges in the treatment of medial osteoarthritis of the knee. Orthop Rev. 1993;
22:921-4.

77. Eisenberg DM, Davis RB, Ettner SL, Appel S, Wilkey S, Van Rompay M,
et al. Trends in alternative medicine use in the United States, 1990-1997: results
of a follow-up national survey. JAMA. 1998;280:1569-75.

78. Rao JK, Mihaliak K, Kroenke K, Bradley J, Tierney WM, Weinberger M.
Use of complementary therapies for arthritis among patients of rheumatologists.
Ann Intern Med. 1999;131:409-16.

79. Astin JA. Why patients use alternative medicine: results of a national study.
JAMA. 1998;279:1548-53.

80. Melzack R, Wall PD. Pain mechanism, a new theory. Science. 1965;150:91.

736 |7 November 2000 | Annals of Internal Medicine | Volume 133 * Number 9

81. Lewith GT, Kenyon JN. Physiological and psychological explanations for the
mechanism of acupuncture for a treatment for chronic pain. Soc Sci Med. 1984;
19:1367-78.

82. Pomeranz B, Chiu D. Naloxone blockade of acupuncture analgesia: endor-
phins implicated. Life Sci. 1976;19:1757-62.

83. Ghia JN, Mao W, Toomey TC, Gregg JM. Acupuncture and chronic pain
mechanisms. Pain. 1976;2:285-99.

84. Nappi G, Facchinetti F, Legnante G, Parrini D, Petralgia F, Savoldi F, et al.
Different releasing effects of traditional manual acupuncture and electro-acu-
puncture on proopiocortin-related peptides. Acupunct Electrother Res. 1982;7:
93-103.

85. Stux G, Pomeranz B. Basics of Acupuncture. New York: Springer-Verlag;
1995.

86. Han J. Acupuncture activates endogenous systems of analgesia [Abstract]. In:
NIH Consensus Development Conference on Acupuncture: Program and Ab-
stracts. Bethesda, MD: 1997:55-60. Available on the Internet (http://odp.od.nih
.gov/consensus/cons/107/107_intro.htm). Accessed 11 June 2000.

87. Clement-Jones V, McLoughlin L, Tomlin S, Besser GM, Rees LH, Wen
HL. Increased beta-endorphin but not met-enkephalin levels in human cerebro-
spinal fluid after acupuncture for recurrent pain. Lancet. 1980;2:946-9.

88. Dickens W, Lewith GT. A single-blind controlled and randomized clinical
trial to evaluate the effect of acupuncture in the treatment of trapezio-metacarpal
osteoarthritis. Comp Med Res. 1989;3:5-8.

89. Gaw AC, Chang LW, Shaw LC. Efficacy of acupuncture on osteoarthritic
pain. A controlled, double-blind study. N Engl ] Med. 1975;293:375-8.

90. Takeda W, Wessel J. Acupuncture for the treatment of pain of osteoarthritic
knees. Arthritis Care Res. 1994;7:118-22.

91. Lundeberg T, Eriksson SV, Lundeberg S, Thomas M. Effect of acupuncture
and naloxone in patients with osteoarthritis pain. A sham acupuncture controlled
study. The Pain Clinic. 1991;4:155-61.

92. Thomas M, Eriksson SV, Lundeberg T. A comparative study of diazepam
and acupuncture in patients with osteoarthritis pain: a placebo controlled study.
Am ] Chin Med. 1991;19:95-100.

93. Junnila SY. Acupuncture superior to piroxicam in the treatment of osteoar-
throsis. Am ] Acupunct. 1982;10:341-6.

94. Christensen BV, Iuhl IU, Vilbek H, Bulow HH, Dreijer NC, Rasmussen
HF. Acupuncture treatment of severe knee osteoarthrosis. A long-term study.
Acta Anaesthesiol Scand. 1992;36:519-25.

95. Berman BM, Lao L, Greene M, Anderson RW, Wong RH, Langenberg P,
et al. Efficacy of traditional Chinese acupuncture in the treatment of symptom-
atic knee osteoarthritis: a pilot study. Osteoarthritis Cartilage. 1995;3:139-42.
96. Berman BM, Singh BB, Lao L, Langenberg P, Li H, Hadhazy V, et al. A
randomized trial of acupuncture as an adjunctive therapy in osteoarthritis of the
knee. Rheumatology (Oxford). 1999;38:346-54.

97. Ernst E. Acupuncture as a symptomatic treatment of osteoarthritis. A system-
atic review. Scand ] Rheumatol. 1997;26:444-7.

98. Molsberger A, Bowing G, Jensen KU, Lorek M. Acupuncture treatment for
the relief of gonarthritis pain: a controlled clinical trial. Der Schmerz. 1994;8:37-
42.

99. Ezzo ], Lao L, Berman B. Assessing the clinical effectiveness of acupuncture:
What can be learned from systematic reviews of acupuncture? In: Stux G, Ham-
merschlag R, eds. Scientific Basis of Acupuncture. New York: Springer-Verlag;
[In press].

100. Fries JF, Carey C, McShane D]J. Patient education in arthritis: randomized
controlled trial of a mail-delivered program. ] Rheumatol. 1997;24:1378-83.
101. Weinberger M. Telephone-based interventions in ambulatory care. Ann
Rheum Dis. 1998;57:196-7.

www.annals.org



102. Weinberger M, Hiner SL, Tierney WM. Improving functional status in
arthritis: the effect of social support. Soc Sci Med. 1986;23:899-904.

103. Weinberger M, Tierney WM, Booher P, Katz BP. Can the provision of
information to patients with osteoarthritis improve functional status? A random-
ized controlled trial. Arthritis Rheum. 1989;32:1577-83.

104. Rene J, Weinberger M, Mazzuca SA, Brandt KD, Katz BP. Reduction of
joint pain in patients with knee osteoarthritis who have received monthly tele-
phone calls from lay personnel and whose medical treatment regimens have re-
mained stable. Arthritis Rheum. 1992;35:511-5.

105. Weinberger M, Tierney WM, Cowper PA, Katz BP, Booher PA. Cost-
effectiveness of increased telephone contact for patients with osteoarthritis. A
randomized, controlled trial. Arthritis Rheum. 1993;36:243-6.

106. Maisiak R, Austin J, Heck L. Health outcomes of two telephone interven-
tions for patients with rheumaroid arthritis or osteoarthritis. Arthritis Rheum.
1996;39:1391-9.

107. Lorig KR, Mazonson PD, Holman HR. Evidence suggesting that health
education for self-management in patients with chronic arthritis has sustained
health benefits while reducing health care costs. Arthritis Rheum. 1993;36:439-
46.

108. Cronan TA, Groessl E, Kaplan RM. The effects of social support and
education interventions on health care costs. Arthritis Care Res. 1997;10:99-110.
109. Superio-Cabuslay E, Ward MM, Lorig KR. Patient education interven-
tons in osteoarthritis and rheumatoid arthritis: a meta-analytic comparison with
nonsteroidal antiinflammatory drug treatment. Arthritis Care Res. 1996;9:292-
301.

110. Lorig K, Lubeck D, Kraines RG, Seleznick M, Holman HR. Outcomes of
self-help education for patients with arthritis. Arthritis Rheum. 1985;28:680-5.
111. Keefe FJ, Caldwell DS, Baucom D, Salley A, Robinson E, Timmons K, et
al. Spouse-assisted coping skills training in the management of osteoarthritic knee
pain. Arthritis Care Res. 1996;9:279-91.

112. Lorig K, Gonzilez VM, Ritter P. Community-based Spanish language
arthritis education program: a randomized trial. Med Care. 1999;37:957-63.
113. Millis MB, Murphy SB, Poss R. Osteotomies about the hip for the pre-
vention and treatment of osteoarthritis. Instr Course Lect. 1996;45:209-26.
114. Font-Rodriguez DE, Scuderi GR, Insall JN. Survivorship of cemented total
knee arthroplasty. Clin Orthop. 1997;345:79-86.

115. Malchau H, Herberts P. Prognosis of total hip replacement. Revision and
re-revision rate in THR: a revision-risk study of 148,359 primary operations.
Scientific exhibition presented at the 65th Annual Meeting of the American
Academy of Orthopaedic Surgeons, 19-23 March 1998, New Orleans, Louisiana.
116. NIH Consensus Conference: Total hip replacement. NIH Consensus De-
velopment Panel on Total Hip Replacement. JAMA. 1995;273:1950-6.

117. Laupacis A, Bourne R, Rorabeck C, Feeny D, Wong C, Tugwell P, et al.
Costs of elective total hip arthroplasty during the first year. Cemented versus
noncemented. ] Arthroplasty. 1994;9:481-7.

118. Lavernia CJ, Guzman JF, Gachupin-Garcia A. Cost effectiveness and qual-
ity of life in knee arthroplasty. Clin Orthop. 1997;345:134-9.

www.annals.org

Osteoarthritis: New Insights. Part 2 NIH CONFERENCE

119. Chang RW, Pellisier JM, Hazen GB. A cost-effectiveness analysis of total
hip arthroplasty for osteoarthritis of the hip. JAMA. 1996;275:858-65.

120. Jacobs JJ, Shanbhag A, Glant TT, Black J, Galante JO. Wear debris in
total joint replacements. ] Am Acad Orthop Surg. 1994;2:212-20.

121. Jacobs JJ, Gilbert JL, Urban RM. Corrosion of metal orthopaedic implants.
J Bone Joint Surg Am. 1998;80:268-82.

122. Schmalzried TP, Callaghan JJ. Wear in total hip and knee replacements.
J Bone Joint Surg Am. 1999;81:115-36.

123. Roebuck KA, Jacobs JJ, Glant TT. New horizons in orthopaedic research:
elucidation of cellular signal transduction pathways. ] Bone Joint Surg Am. 1999;
81:599-602.

124. Hunter W. Of the structure and diseases of articulating cartilage. Phil Trans.
1743;42:514-21.

125. Goldberg V, Caplan Al Biological Restoration of Articular Surfaces. Amer-
ican Academy of Orthopaedic Surgeons Instructional Course Lectures. Rose-
mont, IL: American Academy of Orthopaedic Surgeons; 1999:48.

126. Buckwalter JA, Mankin HJ. Articular Cartilage: Degeneration and Osteo-
arthritis, Repair, Regeneration and Transplantation. Rosemont, IL: American
Academy of Orthopaedic Surgeons; 1998:487-504.

127. Goldberg VM, Caplan AL Cellular repair of articular cartilage. In: Kuettner
KE, Goldberg VM, eds. Osteoarthritic Disorders. Rosemont, IL: American Acad-
emy of Orthopaedic Surgeons; 1995:357-63.

128. Brittberg M, Lindahl A, Nilsson A, Ohlsson C, Isaksson O, Peterson L.
Treatment of deep cartilage defects in the knee with autologous chondrocyte
transplantation. N Engl ] Med. 1994;331:889-95.

129. Caplan Al, Elyaderani M, Mochizuki Y, Wakitani S, Goldberg VM. Prin-
ciples of cartilage repair and regeneration. Clin Orthop. 1997;342:254-69.

130. Garrett JC. Fresh osteochondral allografts for treatment of articular defects
in osteochondritis dissecans of the lateral femoral condyle in adults. Clin Orthop.
1994;303:33-7.

131. Gross AE, Beaver RH, Mohammed MN. Fresh small fragment osteochon-
dral allografts used for post-traumatic defects in the knee joint. In: Finerman GA,
Noyes FR, eds. Biology and Biomechanics of the Traumatized Synovial Joint:
The Knee as a Model. Rosemont, IL: American Academy of Orthopaedic Sur-
geons; 1992:123-41.

132. Hangody L, Kish G, Karpati Z, Udvarhelyi I, Szigeti I, Bely M. Mosiac-
plasty for the treatment of articular cartilage defects: application in clinical prac-
tice. Orthopedics. 1998;21:751-6.

133. Outerbridge KH, Outerbridge AR, Outerbridge RE. The use of a lateral
patellar autologous graft for the repair of a large osteochondral defect in the knee.
J Bone Joint Surg Am. 1995;77:65-72.

134. Chu CR, Convery FR, Akeson WH, Meyers M, Amiel D. Articular car-
tilage transplantation. Clinical results in the knee. Clin Orthop. 1999;260:159-
68.

135. Czitrom AA, Keating S, Gross AE. The viability of articular cartilage in
fresh osteochondral allografts after clinical transplantation. ] Bone Joint Surg Am.
1990;72:574-81.

7 November 2000 | Annals of Internal Medicine [ Volume 133 ¢ Number 9|737



