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Risk factors for developing osteoarthritis include age, previous joint injury, obesity, -and a
genetic predisposition. An imbalance of joint functioning initiates the disease process, which is
then worsened through biochemical changes in the collagen in the joint. Joint pain is the cardinal
clinical presentation. Radiographic and lab testing do not correlate well with the disease; therefore,
diagnosis is made by clinical findings. Treatment focuses on maintaining joint function through the
use of directed activity, physical therapy, and medications. (J Natl Med Assoc. 2003;95:475-482.)
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Osteoarthritis (OA) is a non-inflammatory dis-
ease characterized by progressive loss of joint
articular cartilage that results in pain and deformi-
ty. The disease is also known as degenerative
arthritis, degenerative joint disease (DJD), and
osteoarthrosis. Epidemiologic data on OA varies
depending on the source but the general consensus
is that it is the most common joint disease affect-
ing approximately 20-million Americans.
Although people can be affected by OA at any age,
is it most prevalent in the older population, with
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65% of individuals over 65 years old having radi-
ographic evidence of the disease in at least one
joint. I The disease will become even more preva-
lent as the cohort of baby boomers grows older in
the near future.

The disease can significantly affect one's
quality of life. OA is the most common cause of
disability in the_United States, making up 17%
of all disabled adults.28 It results in trouble
walking and climbing stairs, with approximately
100,000 Americans unable to independently
walk from bed to bathroom because of OA of the
knee or hip.7 Even though the prevalence of OA
is similar in both races, African Americans are
about 1.5 times more likely to activity limitation
attributed to OA.37

RISK FACTORS
Risk factors for primary OA include increasing

age, history of injury to the joint (trauma, repeti-
tive stress, inflammation, etc.), and obesity.
Secondary OA can develop as a result of any phys-
ical, metabolic, or chemical injury to the joint such
as congenital or developmental bone malforma-
tions (Legg-Calve-Perthes disease or SCFE),
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metabolic diseases (alcaptonuria, hemochromato-
sis, Wilson's disease), endocrine (acromegaly,
hyperparathyroidism, DM, hypothyroidism),
abnormal calcium deposition (calcium pyrophos-
phate dihydrate deposition, apatitie arthropathy),
other bone/joint diseases (AVN, RA, gout, infec-
tion, osteoporosis), neuropathic (Charcot joints),
and even such entities as frostbite, Caisson's dis-
ease, and hemoglobinopathies.

GENETICS
The details of genetics of OA are unknown at

this time. There is, however, a significant genetic
component. Spector et al. showed in 1996 in a
classic female twin study that there was higher
incidence of radiographic OA of hands and knees
in identical twins than non-identical twins.
Overall genetic influence on radiographic OA of
hands and knees in women was estimated at 39-
65%, independent of known environmental or
demographic factors.13 Demissie and colleagues
took the Framingham Heart Study cohort and
their offspring and tried to establish a genetic
linkage of hand OA. They used LOD scores to
establish the linkage based on the radiographic
evidence and found evidence for presence of
hand OA suscestibility genes on chromosomes 7,
9, 13, and 19. Similar studies suggest loci in
areas of chromosomes 2q for susceptibility to
nodal OA and llq for female-specific suscepti-
bility to severe hip or knee OA. 14"5 Further
investigations are needed to confirm these link-
ages and determine the exact genes.

ETIOLOGY AND PATHOPHYSIOLOGY
Despite the high prevalence and morbidity of

primary OA, the cause is still unknown. The pre-
vailing thought is that the imbalance in the joint
loading or excessive joint loading causes the initial
damage that slowly progresses. Numerous studies
have uncovered the changes in biochemical, cellu-
lar, and metabolic processes in the osteoarthritic
joint cartilage. The general pathologic changes
include softening and focal disintegration of the
articular cartilage and the formation of osteo-
phytes at the joint margins leading to joint pain

and deformation. It has been shown that the water
content of an osteoarthritic joint is increased due
to the weakening of the collagen network, which
normally prevents the highly hyrophilic proteogly-
cans from absorbing too much water. Type IX col-
lagen, which is normally present in the joint carti-
lage, is thought to "glue" the main type II collagen
fibers together and prevent their slippage over
each other. Collagen analysis in the osteoarthritic
joint shows marked decrease in type IX collagen
content, which could explain the weakening of the
collagen network. In addition, the concentration of
proteoglycans falls sharply with advancing age
and may decrease by over 50%.

BIOCHEMISTRY
The metabolic changes affecting the joint in

OA include an increase in synthesis and secretion
by chondrocytes of active matrix-degrading
enzymes, such as stromelysin and collagenase.
These enzymes are able to break down all of the
components of the extracellular matrix and rapid-
ly degrade the articular cartilage. Such derange-
ment in the joint cartilage structure and metabol-
ic state is thought to be due to activation of chon-
drocytes by increased levels of interleukin-I (IL-
1) to produce matrix-degrading enzymes. At the
same time there is a decrease in the concentration
of the substances such as TIMP-1, TIMP-2, and
PAI-1 that are inhibitory to the metalloproteases
stromyelisin and collagenase. It is not known
why the IL- I level increases while TIMP and PAI
levels decrease. The overall result is gradual but
irreversible degradation of the artricular car-
tillage, formation of osteophytes, and subsequent
pain and deformity.

The key question is why and how this process
begins. The data is very limited due to the inabili-
ty to study the early asymptomatic phase of dis-
ease in humans. All of the existing data is based on
secondary osteoarthritis in animal models. The
first alteration seems to be an increase in water
content of the cartilage-indicating weakening of
the collagen network as described above. This is
followed by initial increase in proteoglycan con-
tent but eventual decrease below the baseline.
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This, in turn, leads to loss of compressive stiffness
and elasticity and an increase in water permeabili-
ty (improving diffusion of degradative enzymes).

Another insight given by the research in animal
models of OA is the importance of the inflamma-
tory component, which was previously thought to
be only a secondary phenomenon. IL-1 plays the
key role, as mentioned above. TNF-alpha also
seems to play a significant role. Both cytokines
upregulate production of metalloproteinases, as
well as blunt the chondrocytes' mechanisms for
the extracellular matrix repair. Further exacerbat-
ing the metabolic picture is the fact that the IL-1
receptors are upregulated in the OA tissues and
that the production on the IL-1 receptor antago-
nists is decreased, making the cytokine even more
effective at cartilage degradation.27

STRUCTURAL CHANGES
The reasons for formation of the osteophytes,

that are at least partially responsible for the joint
deformity and pain in OA, are unclear. Some pos-
sibilities include increase in vascularity of the
basal layers of the degenerating cartilage, improp-
erly healing stress fractures in subchondral trabcu-
lae near subchondral margins, or venous conges-
tion in the bone.3 In animal models, joint immobi-
lization seems to prevent osteophyte formation,
glucocorticoid administration decreases their size
and prevalence, and biphosphonate therapy does
not affect their formation.

The prevalent opinion on the cause of OA is
that it results from progressive fatigue failure, or,
in other words, prolonged wear and tear. This
would explain geometric increase in incidence of
OA with age, as well as prevalence ofOA in joints
that are most used, not necessarily weight bearing
(ankle in ballet dancers, MCPs in boxers, elbow in
baseball pitchers, etc.). Some studies supporting
this idea show that articular cartilage alone cannot
handle the entire force load during the joint move-
ment. Much of the force is transmitted to and
absorbed by the subchondral bone and periartricu-
lar muscles. Some recent studies suggest that in
OA the elasticity of the subchondral bone is
decreased due to increase in its mineral density.56

Several other studies suggest quadriceps strength-
ening is beneficial in prevention and treatment of
knee OA.'0,I"12

Others argue that the cause is not the wear and
tear itself but the decrease in reparative abilities
with age. Some biochemical findings listed above
point to this, namely elevation in IL-1 and
decrease in TIMP and PAI leading to unopposed
degradation of the cartilage matrix by metallo-
proteinases.
A third opinion is that osteoarthritis is not a sin-

gle disease but separate entities with a common
final pathway. They separate primary OA into
knee OA and hip OA, explaining that they have
different risk factors and, therefore, could be dis-
tinct diseases, generalized OA, which is more
dependent on systemic factors (such as genetic
predisposition) than on local (i.e. mechanical) fac-
tors. They further divide the hip OA into hyper-
trophic, associated with pyrophosphate crystal
deposition and diffuse idiopathic skeletal hyperos-
tosis, and atrophic, associated with basic calcium
phosphate crystals and osteoporosis.9

CLINICAL PRESENTATION
The main feature of the clinical presentation

of OA is joint pain. The pain is usually a deep
ache localized to the joint. It is typically aggra-
vated by joint use and relieved by rest (in
advanced OA the pain might be constant). If stiff-
ness of the involved joints after rest is present, it
usually lasts less than 20 minutes. It should be
noted that the articular cartilage has no nerve
endings and the pain comes from such structures
as nerve endings in periosteum of osteophytes,
microfractures of the subchondral bone, stretch-
ing of the joint capsule, periartricular muscle
spasm, or synovitis in advanced OA.

While OA diagnosis is made clinically, the x-
ray findings include asymmetric joint space nar-
rowing, subchondral bony sclerosis in most loaded
areas due to bones rubbing on each other (eburna-
tion), and in advanced cases, subchondral bony
cysts from leakage of synovial fluid into the sub-
chondral bone. The laboratory findings in primary
OA are usually normal except for possible mild
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leukocytosis in the synovial joint fluid (less than
2000 WBC/L, mostly mononuclear cells). The lab-
oratory specimens are usually obtained to rule out
other causes of joint pain.
OA can affect any movable, synovial-lined

joint, but the location is mostly influenced by
which joint has been overloaded in the past, as dis-
cussed above. Weight-bearing joints are considered
the most important ones affected, but not the only
ones. The DIP and PIP joints in the hand are com-
mon sites for primary (idiopathic) OA. It is charac-
terized by development of bony enlargements over
distal interphalangeal joints (Heberden's nodes)
and proximal interphalangeal joints (Bouchard's
nodes). These nodes can be painful, especially if
they develop fast, but once present, they are usual-
ly non-tender and do not interfere with the range of
motion in the joints. Absence of the nodes does not,
however, rule out OA.

The second most common site ofOA in hand is
the 1st CMC joint (thumb base). Patients usually
complain of swelling, tenderness, and crepitus on
movement. Osteophyte development may lead to
"squared" thumb base. Pain on motion of this joint
also can lead to contracture of the first web space
and hyperextension of the first metacarpopha-
langeal joint, which is similar to the swan-neck
deformity seen in rheumatoid arthritis.
OA in the hip is most commonly secondary to

congenital or developmental malformations such
as acetabular dysplasia, Legg-Calve-Perthes dis-
ease, and SCFE. The pain is usually referred to the
inguinal area and is worse on internal rotation.
Gradual capsular fibrosis and growth of osteo-
phytes result in progressive decrease in the range
of motion of the hip joint.

The knee joint has been found to be involved
more frequently in females than in males. The
osteoarthritic knee joint is usually tender to palpa-
tion, contains osteophytes, and has bony crepitus
on movement. Depending on which compartment
is involved, the knee could go into either valgus or
varus deformity. If the patellofemoral compart-
ment is involved, one can elicit positive "shrug"
test (pain on manually pressing patella against
femur). However, in this case the evaluating physi-
cian must rule out another disease-chondromala-

cia patellae, which is characterized by bilateral
patellofemoral compartment pain in teenagers and
young adults (more commonly women). It is usu-
ally non-progressive, caused by patellar misalign-
ment, and is treated by NSAIDs, physical therapy,
and corrective surgery.
OA of the spine is characterized by involve-

ment of apophyseal joint, localized pain, and stiff-
ness. It can also involve intervertebral disks and
paraspinous ligaments. Notably, the cervical spine
involvement is more common in women. Possible
neurologic complications include compression of
nerve roots by osteophytes, disk prolapse, and sub-
luxation of an apophyseal joint, resulting in radic-
ular pain and motor weakness.

COMPLICATIONS
The general complications of OA include loss

of range of motion, extremity deformity due to
asymmetric loss of joint space, subluxation,
ankylosis or complete bony fusion of a joint, and
intraartricular loose bodies related to subchon-
dral fractures.

TREATMENT
OA remains an irreversible disease of unknown

etiology. The goal of the treatment is to reduce
pain, improve or maintain mobility, and minimize
disability. The initial step is to reduce joint loading
by discontinuing the offending activity (i.e. pitch-
ing, working with the jackhammer, etc.), improv-
ing posture, losing weight if obese, wearing splints
and/or braces, using wedged insoles to correct
abnormal biomechanics due to varus deformity of
the knee, and using cane, crutch, or walker.
Physical therapy should be aimed at increasing the
range of motion and improving strength in periar-
tricular muscles. Ettinger and colleagues showed
that quadriceps strengthening and aerobic exercis-
es for patients with knee OA resulted in approxi-
mately 10% improvement in functional outcomes,
even though there was no radiographic evidence of
recovery II Angst et al. also measured outcomes in
patients with hip and knee OA undergoing a three-
month structured exercise program. They showed
greatest responsiveness to exercise in women and
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in knee OA and less in men and hip OA.29
There are numerous studies showing benefits

of weight loss. For example, Felson and col-
leagues showed that decrease in weight by 5.1
pounds over 10 years resulted in 50% decrease in
risk of developing OA.30 Another study showed
that weight loss combined with exercise resulted
in improvements in both functional and pain out-
comes, as well as health-related quality of life
status.31

From the beginning, the patients should be edu-
cated on the disease, treatment options, and prog-
nosis and encouraged to participate in a self-man-
agement program such as the Arthritis Foundation
Self-Management Program. Occupational therapy
can also be useful, if needed, to assist patients with
activities of daily living.

The most recent American College of
Rheumatology recommendations came out in
2000. The pharmacologic therapy for now is limit-
ed to pain relief and should always be preceded by
or combined with nonpharmacologic strategies
listed above. The first line agent for relief of mild-
to-moderate joint pain may be acetaminophen,
since it is comparable with the pain relief provid-
ed by the previous first line agents-NSAIDs.8
Even though a number of patients do not respond
to acetaminophen, it should be attempted first
because of its efficacy, low cost, and low toxicity
profile. It should be noted that daily dose should
not exceed 3 gm to avoid liver toxicity. If aceta-
minophen fails to bring pain relief, the next agent
should be a cyclooxygenase 2 (COX-2) specific
inhibitor. This class of drugs has a similar mecha-
nism of action as NSAIDs, lower GI toxicity, and
convenience of once-daily dosing.

The next class of agents to be tried is non-
steroidal anti-inflammatory drugs (NSAIDs),
since they have proven efficacy in treating joint
pain. These drugs are especially useful if there is
an inflammatory component, such as joint effu-
sion. However, before starting on NSAIDs,
patients must be evaluated for risk factors for seri-
ous upper gastrointestinal and renal toxicity (such
as active peptic ulcers or renal failure). Those with
an increased risk of GI side effects may take such

GI-protective agents as misoprostol or proton
pump inhibitors. It should be noted that some
patients may achieve pain relief with some
NSAIDs, while others may not. Therefore, at least
six NSAIDs are usually tried before declaring a
patient unresponsive to this class of drugs. A new
alternative to the classic oral NSAIDs is the topi-
cal formulation. Existing data shows that topical
NSAIDs are just as effective for treatment of joint
pain and carry lower risk of serious side effects
than their oral counterparts, as would be expected,
considering their low systemic circulation.17

Other oral agents to treat joint pain in OA
include paracetamol, an acetaminophen-like anal-
gesic.18 Pure analgesics such as tramadol and opi-
oids also are recommended in cases refractive to
other oral therapies. Finally, other topical anal-
gesic agents for OA include capsaicin and methyl-
salicylate.

The new category of drugs for OA are called
symptomatic slow acting drugs for osteoarthritis
or SYSADOA and include glucosamine sulfate,
chondroitin sulfate, diacerein, and hyaluronic acid.
These agents are new and the evidence of their
efficacy is incomplete. Intraartricular injections of
hyaluronan have been shown to delay progression
of knee OA, decrease pain, and increase function-
ality.19 Oral chondroitin sulfate and glucosamine
sulfate has been shown to decrease OA pain and
improve function.20'21 These agents might be use-
ful in patients who cannot take or have already
failed therapy with acetaminophen, NSAIDs or
COX-2 inhibitors.

For short-term management of acute exacerba-
tion of pain with or without effusion, an intra-
artricular injection of long-acting steroid may be
beneficial.18 The effect lasts only several weeks.
However, care should be taken to avoid excessive
injections (more than twice a year) as they could
lead to steroid arthropathy and tendon rupture.

Current advances in research on pathophysiol-
ogy and biochemical derangements in OA,
reviewed above, have resulted in numerous new
pharmacological targets, offering a possibility to
not only improve the symptoms by also modify the
disease. Neutralization of inflammatory agents,
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such as IL-I and TNF-alpha, is one of the possi-
bilities. Soluble IL-I receptor antagonists have
been shown to decrease metalloprotease transcrip-
tion in a rabbit model.27 Another potential strategy
is to stimulate chondrocyte compensatory biosyn-
thesis pathways with such agents as TGF-beta or
insulin-like growth factor-1. There are also anti-
inflammatory cytokines, such as IL-4, IL-10, and
IL- 13. IL-4 has been shown to be just as effective
as low-dose dexamethasone in suppressing IL-I
and TNF-alpha synthesis.27 Futher animal, and
eventually human trials are necessary to confirm
efficacy of these agents. Future research in OA
pathophysiology is necessary as it is likely to pro-
duce even more drug targets for an eventual med-
ical cure for OA.

SURGICAL THERAPY
For now, however, the only definitive treatment

for OA is surgical. Such treatment on OA joints
should be attempted only if all the non-operative
options have been exhausted, and the goal should
be to decrease pain and improve mobility. The
least extensive treatment is tidal irrigation. It is
mostly performed on knee and shoulder joint and
involves washing the joint space with large
amounts of saline to remove fibrin and debris
(usually while performing arthroscopy of the
joint). Other surgical options include osteotomy,
which is used in mild cases of OA and mostly
involves removing painful osteophytes. The most
intensive procedure is total joint replacement,
which is used in severe cases and is considered to
be the definitive treatment. There also is the new
and experimental technique of abrasion arthroplas-
ty. This involves stripping the damaged cartilage
off of the entire joint surface and allowing it to be
replaced by new cartilage. However the new carti-
lage is weaker and immature. There is no concrete
data yet to show that this procedure is effective
and further studies are needed.9

It should be noted that there are marked racial
disparities in the surgical treatment of OA. White
men are 3 to 5.1 times more likely than African
American men to receive a total knee replace-

ment.32 Similar disparity is found in total hip
replacements.33 The differences in access to
healthcare were not enough to explain such a dis-
parity. Ibrahim and colleagues surveyed African
American and white VA patients with chronic knee
or hip pain on their willingness to undergo a total
joint replacement.34 African American patients
were found to be less knowledgeable about the
procedure, had worse expectations of outcome,
and were less willing to undergo a joint replace-
ment surgery if it was needed and recommended
by a physician. This difference in willingness was
attributed to the worse post surgical expectations.
These perceptions could, at least in part, be based
on truth. Katz has shown that African American
patients are at higher risk of complications from
joint replacement therapy.35

ALTERNATIVE THERAPIES
There are many alternative therapies for OA,

ranging from herbal remedies, to massage thera-
py, to chiropractic manipulations, to acupunc-
ture.22 Despite their immense popularity, alter-
native therapies are still poorly researched and
their benefits are unclear due to scarcity of tradi-
tional randomized, placebo-controlled, double-
blind studies. Institute of Health & Community
Studies in Bournemouth, UK, recently conduct-
ed a meta analysis of such studies to determine
benefits of various herbal therapies for treatment
of osteoarthritis.23 In general, the review showed
that all herbal remedies were well tolerated by
the patients, without significant side effects.
However, overall scarcity of well-designed stud-
ies made it difficult to reliably assess efficacy of
herbal remedies in treatment of OA. They found
sufficient evidence for beneficial effect of avo-
cado/soybean unsaponifiables (ASU) in improv-
ing function and decreasing pain. The studies
showed 39% improvement with ASU vs. 18%
with placebo at the end of trial and 48%
improvement with ASU vs. 26% with placebo at
a two-month follow-up. Of note: patients with
hip OA had significantly greater improvement
than patients with knee OA. The reviewers did
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not find sufficient evidence to prove anti-OA
benefit of such herbs as capsaicin topical cream,
tipi tea, and Reumalex tablets (a combination of
five herbs: guaiacum resin, black cohosh, white
willow, sarsaparilla, and poplar bark).

In addition to clinical trials, there is some
basic science evidence of benefits of herbal
remedies in treatment of OA. Choi et al. have
recently showed that the natural product named
SKI 306X (a combination of Clematis madshuri-
ca, Trichosanthes kirilowii, and Prunella vul-
garis) had beneficial effect on cartilage in colla-
genase-induced rabbit OA model.24 SKI 306X
inhibited proteoglycan degradation in vitro and
protected rabbit joints from OA-like changes in
vivo when given prophylactically.

Some non-pharmacologic alternative medicine
modalities, such as acupuncture, T'ai Chi and even
application of leeches at periartricular sites have
also been found to benefit patients with OA.25s26,36

CONCLUSION
OA is a serious illness that affects one's quali-

ty of life and could have lethal complications. It is
a very common disease and, with the aging popu-
lation, it is becoming an even greater public health
concern. Currently, extensive work is being done
to determine the etiology of the disease and refine
prevention strategies, as well as to design better
medical and surgical treatments that will provide
further symptomatic relief, and possibly, stop or
reverse the degenerative processes in the joint car-
tilage. Considering that more and more evidence is
coming out about efficacy of alternative therapies
in treatment of OA, as well as their safety profile
and popularity among general population, a physi-
cian should seriously consider including these
options in their general treatment plan for OA.
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Pediatric Allergist. BE sought for
faculty position at the University of
Maryland, Baltimore. The Division of
Pediatric Pulmonology/Allergy has the East
Coast's first Breathmobile program (a
mobile asthma clinic) and a multidisciplinary
team for asthma research, education, and
clinical practice. Research collaborations
and resources are ayailable in the Mucosal
Cell Biology Center/ and on campus within
the Schools of Medicine, Pharmvcy,
Nursing, Law, and Xocial Work. Interested
applicants should send a cover leater,
updated CV, and names and addresses of
3 references to: Carol Blaisdell, M.D.,
University of Maryland Division of Pediatric
Pulmonology/Allergy, MSTF 319, 10 South
Pine St., Baltimore, Maryland 21201. E-mail
cblaisdell @ peds. umaryland.edu. All
inquires will be held in strict confidence.
The University of Maryland is an
AA/EOE/ADA employer and has a strong
institutional commitment to the principle of
diversity in all areas.

Meharry Medical College School of Medicine invites nominations and
applications for the position of the endowed position of Professor and
Chair of Department of Family and Community Medicine. This position
includes the Director of Family and Community Medicine at Vanderbilt
University School of Medicine and Director of the Meharry Medical
College Institute for Community Health. Qualified candidates will have
demonstrated strong administrative and leadership skills, a commitment
to excellence in medical student and housestaff education, mentoring of
junior faculty, and a record of scholarly accomplishments. The chair is
expected to build upon existing strengths of the department, fortify
relationships with collaborative partners of the College, enhance the
growth of programs in research, provide administrative oversight of
department personnel, finances and facilities, and maintain a fully
accredited residency.program while adding new depth and expansion of
clinical and educational activities to the department. Candidates must be
board certified by the American Board of Family Practice and eligible for
licensure in the state of Tennessee. Review of applications is effective
immediately and will continue until the position is filled. Applicants
and/or nominations should submit a curriculum vitae and a cover letter
describing their interest to:
Billy Ballard, DDS, MD, Chair, Search Committee, Meharry
Medical College,
1005 Dr. D.B. Todd, Jr. Blvd, Nashville, TN 37208 or email:
brballard@mmc.edu.
Meharry Medical College is an equal opportunity employer.
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