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■ ABSTRACT

If usual medical measures fail to control the pain of knee
osteoarthritis and allow the patient to cope with its
symptoms, intra-articular injections of a corticosteroid, a
hyaluronan, or both can be tried.

■ KEY POINTS

Osteoarthritis is now known to involve more than
mechanical wear and tear, as believed in the past;
inflammatory mechanisms are also at work.

Patient education should emphasize losing weight (in
overweight patients) and modifying activities to reduce
stress on the knees, as well as what to expect from intra-
articular therapy.

A large, tense, or painful effusion is the strongest
indication for prompt arthrocentesis and, if the synovial
fluid is not infected, subsequent corticosteroid injection.

After a corticosteroid injection in the knee, the patient
should remain in bed or at rest and avoid walking as
much as possible for 3 days, and then use crutches or a
cane for the next 2 to 3 weeks.

The major factors that influence the therapeutic response
to intra-articular injections of hyaluronan are the severity
of the disease and the extent of cartilage loss in the
involved knee.

NJECTION OF CORTICOSTEROIDS into
painful joints—long a mainstay of thera-

py for rheumatoid arthritis—is now popular
for osteoarthritis of the knee as well.

Logically, this use may seem surprising,
since we used to be taught that osteoarthritis is
due to “wear and tear,” not inflammation, and
corticosteroids are powerful anti-inflammatory
drugs. However, now we know that inflamma-
tion is present in most patients with sympto-
matic osteoarthritis. Moreover, this treatment
often provides striking and lasting relief of
pain, especially in patients with synovitis asso-
ciated with chronic knee osteoarthritis.

A local (as opposed to a systemic) treat-
ment for a painful joint has obvious appeal.
Nevertheless, intra-articular corticosteroid ther-
apy is essentially palliative and must be consid-
ered as adjunctive to other basic therapies.1

Newer agents called hyaluronans are also
given by intra-articular injection. In the syno-
vial fluid they supplement endogenous
hyaluronan, which serves as a lubricant and
shock absorber.

This article reviews the rationale for and
the practical aspects of intra-articular therapy
with corticosteroids and hyaluronan prepara-
tions in osteoarthritis.

■ OSTEOARTHRITIS IS COMMON

Osteoarthritis (also called degenerative joint
disease and osteoarthrosis) is by far the most
common form of arthritis and the major cause
of disability and reduced activity in people
older than 50 years.2

The joint most often affected is the knee.
According to some population surveys, 30% of
people older than 50 years have radiographic

I
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evidence of osteoarthritis of the knee, increas-
ing to up to 80% after age 65. In the United
States, approximately 100,000 people are
unable to walk independently from bed to
bathroom owing to pain and disability caused
by osteoarthritis of the knees. About 300,000
knee joints were surgically replaced in 2005.3

Men have more knee osteoarthritis before
age 50, but its incidence in women rises after
menopause, and by age 65 the prevalence is
twice as high in women as in men.4

■ NOT JUST WEAR AND TEAR

Osteoarthritis is characterized by cartilage
involvement, varying from microfissures and
fibrillations in early disease to virtual destruc-
tion with bone-on-bone contact in advanced
disease. Osteophytes (spurs) develop at the
margins of joints, and new cartilage prolifer-
ates over these bony spurs.

During the past decade much has been
learned about cartilage, including metabolic
changes, genetic mutations, metallopro-
teinases, and inflammatory mediators, foster-
ing considerable excitement and interest in
new approaches for preventing and treating
osteoarthritis.

Although the specific cause of osteoarthri-
tis remains unknown, contributing and risk
factors include:
• Aging
• Genetic factors
• Overweight and obesity
• Overuse of the joints (as in occupational

and sports activities)
• Trauma
• Malalignment of the knee
• Muscle weakness.

Osteoarthritis may be considered a “final
common pathway” resulting from a host of
these different problems, or it may be consid-
ered as primary or idiopathic when none of
these risk factors can be identified.

■ MANAGEMENT IS INDIVIDUALIZED

No specific therapy has yet been clearly shown
to prevent the progression of osteoarthritis.
The goal is to suppress pain and improve func-
tion, with special attention to the patent’s
ability to rise from a low seat and walk with

relative comfort. Therapy is individualized on
the basis of the symptoms and severity of the
disease; options range from simple advice
about modifying activity to joint replacement.

Nonpharmacologic measures are important
Some of the most important nonpharmacologic
measures aim at “deloading” the knee. Patients
should try to lose weight if needed and protect
the knees by avoiding up-and-down impact on
them, using walking aids such as canes and
crutches. They should also avoid climbing stairs
and should regularly do isometric exercise to
strengthen the quadriceps muscles.

Some patients with osteoarthritis of the
medial compartment of the knee get some
relief by placing wedges in their shoes in the
lateral heel and insole.5 In a study of 85
patients (with 121 osteoarthritic knees) treat-
ed for approximately 1 year, 61% reported a
favorable response to this simple measure.5,6

Of paramount importance is patient edu-
cation. It should emphasize what to expect
and the importance of losing weight, especial-
ly in vastly overweight patients, and of modi-
fying their activities.

Simple analgesics, NSAIDs for minimal pain
If pain is minimal, it may be controlled with
simple analgesics such as acetaminophen
(Tylenol), propoxyphene (Darvon), or tra-
madol (Ultram). Undesirable effects of these
medications are usually minor, but patients
with preexisting renal or liver conditions must
exercise special caution.

If simple analgesics do not adequately
control the pain, one can add a nonsteroidal
anti-inflammatory drug (NSAID). The many
traditional (nonselective) NSAIDs all have
similar efficacy, but they differ in gastrointesti-
nal toxicity and in the number of tablets or
capsules that need to be taken to reach the
appropriate dose. The newer cyclooxygenase-
2-specific NSAIDs are as effective as the older,
nonselective NSAIDs and have fewer gas-
trointestinal side effects, but they are much
more costly and some appear to increase the
risk of cardiovascular events.

Intra-articular injections
Concerned about possible side effects of selec-
tive and nonselective NSAIDs, physicians are

Options range
from simple
advice to joint
replacement

OSTEOARTHRITIS NEUSTADT

 on May 16, 2023. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


CLEVELAND CL IN IC JOURNAL OF MEDICINE      VOLUME 73 •  NUMBER 10       OCTOBER  2006 901

increasingly considering intra-articular treat-
ment when simple measures are inadequate.

Some intra-articular treatments have not
been beneficial. In a randomized study in 180
patients with osteoarthritis of the knee, joint
lavage with saline was no more beneficial than
a sham procedure.7 Arthroscopy with or with-
out debridement is also ineffective in osteo-
arthritis of the knee unless secondary damage
such as troublesome loose bodies or a torn
meniscus is present, requiring surgical repair.8

On the other hand, intra-articular corti-
costeroid therapy is often successful in knee
osteoarthritis associated with synovitis and
effusion. Steroid injections may be given up to
three or four times per year. Injections of
hyaluronans also seem to work. These thera-
pies are the focus of the rest of this article.

Knee replacement
when medical therapy fails
Knee replacement is reserved for patients for
whom medical management (including injec-
tion therapy) fails, and for those who have
intractable pain and disability.

■ INTRA-ARTICULAR CORTICOSTEROIDS

Hydrocortisone was introduced for intra-artic-
ular injection in 1951. Since then, vast expe-
rience has confirmed the value of this agent
and of other corticosteroid suspensions for
combating pain and inflammation when
injected into the joint in patients with
rheumatoid arthritis and other inflammatory
arthropathies.9

Their use in osteoarthritis has been con-
troversial, however. Early studies in mice, rats,
and rabbits suggested that multiple cortico-
steroid injections might alter cartilage protein
synthesis and consequently damage the carti-
lage.10–14 These deleterious effects curbed
early enthusiasm for intra-articular corticos-
teroid therapy in osteoarthritis.

However, the knee joints of patients who
received multiple intra-articular injections of
steroids showed no significant evidence of
destruction or accelerated deterioration.15,16 A
detailed study of intra-articular steroid injec-
tions in monkeys also disclosed no appreciable
joint damage, suggesting that primates’ joints
respond differently than those of rodents.17

Most authorities now consider intra-artic-
ular corticosteroid therapy for osteoarthritis of
considerable value when used appropriately
and judiciously.18

Metabolism of corticosteroid suspensions:
Systemic absorption may occur
The metabolic pathway and ultimate fate of
corticosteroids within the joint have not been
completely elucidated.10 Injected steroids can
be detected in synovial fluid cells for 48 hours
after injection.19 The rate of absorption and the
duration of action are related to the solubility of
the compound injected. Triamcinolone hexace-
tonide (Aristospan) is the most insoluble prepa-
ration currently available.20

Systemic absorption may occur, varying
with the dose and the solubility of the prepa-
ration. One study showed that 40 mg of intra-
articular methylprednisolone acetate (Depo-
Medrol) was sufficient to transiently suppress
adrenal function, as reflected in depressed cor-
tisol levels for up to 7 days.19 We ask patients
to limit their activity after injections, as it
may delay escape of the steroid and minimize
systemic effects (see below).

Therapeutic rationale for corticosteroids
Corticosteroids inhibit prostaglandin synthesis
and decrease the activity of collagenase and
other enzymes. Their major mechanism of ben-
efit in osteoarthritis, however, remains unclear.
Saxne et al21 measured the release of proteo-
glycans into synovial fluid to monitor the
effects of therapy on cartilage metabolism.
Their data strongly suggest that intra-articular
corticosteroid injections reduce the production
of interleukin-1, tumor necrosis factor alpha,
and proteases that may degrade the cartilage.

Indications for intra-articular steroids
Intra-articular therapy must be considered an
adjunct to basic measures.

For assessment. By examining the gross
appearance and viscosity of the synovial fluid
obtained by aspiration, an experienced observer
can usually distinguish whether a rheumatoid,
traumatic, or osteoarthritic process is present.
Only a few drops of fluid may suffice to establish
the diagnosis of gout or pseudogout.

For therapy. When conventional therapy
fails to control symptoms or prevent disability,

Important
first steps:
Lose weight,
reduce impact
on the knees
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local steroid therapy deserves consideration. A
large, tense, or painful effusion is the strongest
indication for prompt arthrocentesis and, if
the fluid is relatively clear and does not appear
to be infected or purulent, subsequent corti-
costeroid injection.

Joint injections often help prevent adhe-
sions and correct flexion deformities of the
knee. If the joint is large, tense, or boggy due
to an effusion, the capsule and ligaments may
become stretched; this condition can be com-
bated effectively with intra-articular therapy.

Finally, if an effusion of the knee is long-
standing or recurs, a “medical synovectomy”
can be performed by instilling a relatively
large dose (30–50 mg) of an insoluble prepara-
tion such as triamcinolone hexacetonide, fol-
lowed by a strict regimen of rest.

Steroids are clinically effective
Favorable reports on the use of intra-articular
steroids in osteoarthritis are numerous.15,18,22–26

Hollander20 reported on 30 years of expe-
rience with a large number of injections. In a
10-year follow-up of the first 100 patients who
had been given repeated intra-articular steroid
injections in osteoarthritic knees, 59 patients
no longer needed injections, 24 continued to
require occasional injections, and only 11 did
not obtain a worthwhile response.26 My own
experience is similar: most patients experience
striking relief of pain, frequently coupled with
improved motion, in the treated joints.

Although some controlled trials found
steroid injections ineffective, they did not
take into consideration such important factors
as adequate dosage, the presence or absence of
fluid, removal of excess fluid (so that the drug
is not diluted), and the injection tech-
nique.27,28 Most importantly, there was no
attempt to regulate the postinjection physical
activity of the patient.

Dieppe et al29 gave injections of either tri-
amcinolone hexacetonide 20 mg or placebo in
48 osteoarthritic knees; reduction of pain and
tenderness was significantly greater with the
active drug.

Valtonen30 gave injections of either tri-
amcinolone hexacetonide or betamethasone
acetate-betamethasone disodium to 42
patients with osteoarthritis; both of these
steroids were highly effective.

Other studies also showed favorable
results.31 The duration of effect varied with
the preparation and the dosage.

Contraindications to intra-articular
corticosteroids are relative
Contraindications to intra-articular cortico-
steroid injections are relative.
• Infection. Local infection, recent serious
injury over the structure to receive the injec-
tion, and generalized infection with possible
bacteremia are obvious contraindications to
the instillation of a corticosteroid. In patients
with systemic infections, intra-articular therapy
might be given under the cover of appropriate
antibiotic therapy, if it is urgently needed.
• Anticoagulant therapy. The risk of pro-
voking serious bleeding in patients receiving
anticoagulants must be assessed after review-
ing the patient’s general status, including the
prothrombin time.32

• Uncontrolled diabetes mellitus.
• Severe joint destruction or deformity,
such as an unstable knee, should preclude cor-
ticosteroid injections unless a relatively large
inflammatory effusion is present and the
patient agrees to avoid weight-bearing activi-
ty for several weeks after the procedure.
• Obesity that is severe enough to make
penetration of the joint difficult and to great-
ly increase the load (impact) on the knee dur-
ing weight-bearing and walking.

Complications are rare
The role of intra-articular corticosteroids in
osteoarthritis remains somewhat controversial
because of some reports of steroid-induced
(Charcot-like) arthropathy developing after
multiple injections.10,11 However, complica-
tions of intra-articular therapy are rare.

Systemic effects. Despite some systemic
spillover, hypercortisonism and other undesir-
able steroid effects are rare. If the patient
develops the “moon face” of Cushing syn-
drome, injections have probably been given
too frequently.33 Intra-articular steroids may
induce mild to moderate transient hyper-
glycemia, which rarely causes a significant
clinical problem except in patients with very
brittle or uncontrolled diabetes mellitus.

Infection, the most serious complication,
is also extremely rare.10,20,34

Charcot-like
arthropathy has
developed after
multiple
injections, but
this is rare

OSTEOARTHRITIS NEUSTADT
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Postinjection flare. Local adverse reac-
tions are minor and reversible. The so-called
postinjection flare is a rare complication that
begins shortly after the injection and usually
subsides within a few hours, rarely continuing
for 48 to 72 hours. Some investigators con-
sider these reactions to be a true crystal-
induced synovitis caused by corticosteroid
ester microcrystals.10,35 Ice at the site of
injection and oral analgesics usually control
after-pain until the reaction abates. In a few
instances, postinjection synovitis has been
severe enough to require aspirating the joint
again to relieve the pain.

Localized subcutaneous or cutaneous
atrophy is also infrequent.9,10 This cosmetic
change appears as a thin or depressed area at
the injection site, sometimes associated with
depigmentation. As a rule, the skin returns to
normal when the crystals of the corticosteroid
have been completely absorbed.

Capsular (periarticular) calcifications at
the site of the injection have been noted in
rare cases in radiographs taken after treat-
ment. They usually disappear spontaneously
and have no clinical significance.36

Careful technique, avoiding leakage of
the steroid suspension from the needle track

to the skin surface, will prevent or minimize
these problems. A small amount of 1% lido-
caine (or its equivalent) or normal saline solu-
tion can be used to flush the needle before it
is removed.

Other complications. Occasionally, a
patient may complain of increased warmth
and flushing of the skin. Central nervous sys-
tem and cardiovascular reactions to local
anesthetics may also occur if they are com-
bined with the steroid for injection.

Overuse. Some suggest that steroids, by
abolishing pain, permit the patient to over-
work the involved joint, further damaging the
cartilage and bone and giving rise to a
Charcot-like or neuropathic arthropathy.37

As stated earlier, studies in nonhuman
primates suggest that the steroid effect on
human joints is probably transient.19 Indeed,
evidence of a protective effect of cortico-
steroids against cartilage damage and osteo-
phyte formation has been shown with triam-
cinolone hexacetonide in guinea pigs.38

Available corticosteroids and choice of drug
Available repository preparations commonly
used for intra-articular injection are listed in
TABLE 1.

Triamcinolone
hexacetonide is
the least soluble
of the injectable
corticosteroids

Some corticosteroid suspensions for intra-articular injection
PREPARATIONS CONCENTRATION USUAL DOSE

(MG/ML) (MG)*

Hydrocortisone tebutate 50 25–100
(Hydrocortone-TBA)

Betamethasone acetate and 6† 1.5–6
betamethasone sodium phosphate

(Celestone Soluspan)
Methylprednisolone acetate 20 4–40

(Depo-Medrol‡)
Triamcinolone acetonide 40 5–40

(Kenalog-40)
Triamcinolone diacetate 40 5–40

(Aristocort Forte)
Triamcinolone hexacetonide 20 5–40

(Aristospan)

*Amount injected varies depending on the size of the joint
†Available as 3 mg acetate and 3 mg phosphate
‡Available in 20 mg/mL, 40 mg/mL, and 80 mg/mL preparations

T A B L E  1
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To give an intra-articular injection you will need:
• 10-mL and 3-mL Luer-Lok syringes
• 25-gauge 7/8-inch needles
• 20-gauge 1 1/2-inch needles
• 22-gauge 1-inch or 1 1/2-inch needles
• Paper towels or drapes, disposable gloves
• Forceps, alcohol sponges, 4 × 4-inch gauge sponges
• Povidone-iodine solution (or equivalent) or 

other antimicrobial solution
• Lidocaine 1% (without epinephrine) or ethyl 

chloride skin refrigerant spray
• Tubes for culture and synovial fluid analysis 

(EDTA or heparin)
• Plastic adhesive bandages.

PREPARE THE INJECTION SITE
Injection of a steroid or any other agent into a joint
requires meticulous aseptic technique. The point of
entry is cleansed with an antibacterial cleanser
(antimicrobial soap or an equivalent) or povidone-
iodine solution. Then alcohol is sponged on the area.
Sterile drapes and gloves are not ordinarily consid-
ered necessary.

INJECTION TECHNIQUES:
GENERAL CONSIDERATIONS
Arthrocentesis is easy and relatively painless in a
joint that is distended with fluid or when boggy sy-
novial proliferation is present.

For most joints, the usual point of entry is on the
extensor surface, avoiding the large nerves and major
vessels that are usually present on the flexor surface.
Optimal joint positioning should be accomplished to
stretch the capsule and separate the joint ends to pro-
duce maximal enlargement and distraction of the joint
or synovial cavity to be penetrated.

A local anesthetic may be desirable, especially if
the joint is relatively dry or if only a small amount of
fluid is present. A small skin weal made by infiltration
with lidocaine or an equivalent, or spraying (frosting)
the skin with a vapocoolant such as chloroethane
(ethyl chloride), usually provides adequate anesthesia.

Aspiration of as much synovial fluid as possible
prior to instillation of the corticosteroid suspension
reduces possible dilution.

After the drug is injected, it may be advisable to
instill a small amount of air just before removing the
needle to ensure adequate mixing and dispersion.
Gentle manipulation, carrying the joint through its

full range of motion, also facilitates dispersion of the
medication.

Tips on injection technique:
• Use a skin pencil to outline anatomical land-
marks and site of needle entry.
• Stretch skin at site of needle insertion.
• Aspirate completely to remove any fluid and
detect blood or septic fluid.
• Apply a 4 x 4-inch gauze sponge or cotton swab
at site of needle withdrawal to minimize any bleed-
ing.
• Reassure the patient and observe him or her for
at least 10 or 15 minutes after the injection to avoid
anxiety reaction.

TECHNIQUE FOR KNEE INJECTION
The knee joint contains the largest synovial space in
the body and is the one most often treated. Visible or
palpable effusions often develop, making it the easi-
est joint to enter and inject medication into. When
a large amount of fluid is present, entry is as simple as
puncturing a balloon.

Aspiration of the knee is usually performed with
the patient supine with the knee supported and
extended as much as possible. The usual site of entry
is medial at about the midpoint of the patella or just
below the point where a horizontal line tangential to
the superior pole of the patella crosses a line parallel
to the medial border. A 20-gauge needle 1.5 to 2
inches long is directed downward or upward, sliding
into the joint space beneath the undersurface of the
patella (FIGURE 1).

Aspiration of the knee can be facilitated by
applying firm pressure with the palm cephalad to the
patella over the site of the suprapatellar bursa (FIGURE

1). If cartilage is touched, the needle is withdrawn
slightly and the fluid is aspirated.

A similar approach can be used on the lateral side,
especially if the maximal fluid bulge is lateral. The lat-
eral approach is especially convenient if there is a large
effusion in the suprapatellar bursa. The point of pene-
tration is lateral and superior to the patella.

The infrapatellar route, though used less often, is
useful when the knee cannot be fully extended and
only minimal fluid is present. With the knee flexed,
the needle is directed either medially or laterally to
the inferior patellar tendon and cephalad to the
infrapatellar fat pad. It is difficult to obtain fluid with
this approach.

How to give an intra-articular injection

OSTEOARTHRITIS NEUSTADT
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All injectable corticosteroids except corti-
sone and prednisone can promptly and signifi-
cant reduce inflammation in an inflamed joint.
The more soluble the corticosteroid, the more
rapidly it is absorbed and the shorter the dura-
tion of effect. Tertiary butyl acetate (TBA,
tebutate) is an ester form that prolongs the
duration of action of the compound as a result
of decreased solubility, which probably causes its
dissociation by enzymes to proceed more slowly.

Although a few patients may obtain
greater benefit from one steroid than from

another, no single agent is convincingly supe-
rior except for triamcinolone hexace-
tonide.9,26,39 This is the least water-soluble
preparation currently available (being 2.5
times less soluble in water than the others) and
thus provides the longest duration of effect.
Systemic spillover is minimal with this agent.

Dosing of corticosteroids
The dose of any microcrystalline suspension
injected into a joint must be arbitrarily select-
ed. Factors that influence the dose given and
the anticipated results are the size of the joint,
the volume of synovial fluid, the cortico-
steroid preparation chosen, the severity of
synovitis, and whether the patient rests or is
active after the injection. For estimating the
dose, a useful guide is as follows:
• For small joints of the hand and foot, 2.5

to 10 mg of prednisolone tebutate suspen-
sion or an equivalent preparation

• For the knee, ankle, and shoulder, 20 to
40 mg

• For the hip, 25 to 40 mg
• For intrabursal therapy, such as for the

trochanteric (hip) or the anserine (knee)
bursa, 15 to 40 mg.
Larger doses are occasionally necessary to

obtain optimal results.
I recommend waiting at least 4 weeks

between intra-articular injections, and at least
8 to 12 weeks for weight-bearing joints.
Injections should not be repeated on a regular
routine basis, and rarely should more than two
to three injections into a single weight-bear-
ing joint be given per year.

Patients should rest after injections
After a corticosteroid injection in the knee,
the patient should remain in bed or at rest and
should walk as little as possible for 3 days,
preferably only to the bathroom and to meals.
After that, the patient should use crutches in
a three-point gait to protect the injected knee
during distance walking for the next 2 to 4
weeks. A cane can be used if crutches are
inappropriate or uncomfortable.

This regimen prevents the patient from
overworking the joint after the injection. An
added benefit is that the inactivity reduces
any systemic effect by delaying absorption of
the steroid. This program is optimal for

FIGURE 1. Top, arthrocentesis of the knee joint via
the usual medial entry. Bottom, actual injection of
corticosteriod suspension into knee via medial approach.

OSTEOARTHRITIS NEUSTADT
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achieving maximal therapeutic benefit.
During exercise, the intra-articular (hydro-

static) pressure increases considerably in
inflamed human knees, causing intra-articular
hypoxia.40 After exercise, there is oxidative
damage to lipids and immunoglobulin in the
joint. The lipid peroxidation products in syn-
ovial fluid are not found in resting knees. The
synovial membrane is reperfused when exercise
is stopped.

■ PARA-ARTICULAR CAUSES OF KNEE PAIN

Knee pain and associated disabling symptoms
sometimes result from para-articular causes,
even if there is radiographic evidence of
osteoarthritic changes in the knee. Some of
these painful conditions may respond to local
injection therapy.

These disorders include bursitides of the
knee with involvement of the prepatellar,
suprapatellar, and anserine bursae. Other
disorders adjacent to the knee that may
respond to injection therapy include semi-
membranosus tenosynovitis and painful
points around the edge of the patella associ-
ated with patellofemoral osteoarthritis.

The differential diagnosis between
osteoarthritis of the knee and these disorders
is based on a thorough history and physical
findings.

Prepatellar bursitis
Prepatellar bursitis (housemaid’s, nun’s, or car-
pet cutter’s knee), characterized by swelling and
effusion of the superficial bursa overlying the
patella, is easily recognized. The chronic bursal
reaction commonly arises from repetitive activ-
ity or pressure, such as kneeling on a firm sur-
face. Pain is relatively minimal except on direct
pressure, and motion is usually preserved.

Aspiration is performed, which may yield
a small amount of clear, serous fluid, and then
1 to 2 mL of lidocaine and 10 to 20 mg of a
corticosteroid suspension is instilled. When-
ever possible, the activity provoking the bursi-
tis should be eliminated.

Suprapatellar bursitis
Suprapatellar bursitis is usually associated with
synovitis of the knee cavity. Occasionally the
suprapatellar bursa is largely separated devel-

opmentally from the synovial cavity. In these
cases, effusion is especially prominent in the
suprapatellar region.

Anserine bursitis
Anserine bursitis (“cavalryman’s disease”)
now mainly occurs in association with
osteoarthritis of the knee in obese women
with disproportionately heavy thighs. The
bursa is located at the anteriomedial surface of
the tibia just below the joint line of the knee,
at the site of the insertion of the conjoined
tendon of the sartorius, semitendinosus, and
gracilis muscles, and superficial to the medial
collateral ligament.

Anserine bursitis can mimic or coexist
with osteoarthritis of the knee. A relatively
abrupt increase in knee pain, localized tender-
ness with a sensation of fullness in the vicini-
ty of the site of the bursa, or the development
of an angular knee deformity strongly suggest
this often-overlooked disorder.

Injection of 1 to 2 mL of lidocaine and
approximately 1 to 1.5 mL of a corticosteroid
suspension from an anteriomedial approach
with a 1.5-inch, 20-gauge or 22-gauge needle
frequently produces prompt symptomatic
relief (FIGURE 2). The duration of effect is vari-
able and may correlate with the patient’s
weight-bearing activities.

FIGURE 2. Injection into the anserine bursa. The needle is
inserted medial to the tibial tuberosity (crest).

Wait at least 8
to 12 weeks
between
corticosteroid
injections in
weight-bearing
joints

Patella

Conjoined
tendon
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■ CRYSTAL SYNOVITIS AND OSTEOARTHRITIS
(CHONDROCALCINOSIS)

Calcium pyrophosphate dihydrate
deposition
The link between osteoarthritis and calcium
pyrophosphate dihydrate deposition is
extremely strong. About 70% of cases of depo-
sition are associated with a chronic arthritis
identical to osteoarthritis, usually involving
the hips and the knees.41 In patients who
develop an acute or subacute attack (“pseudo-
gout”), arthrocentesis permits diagnostic con-
firmation and thorough aspiration of synovial
fluid. From 1 to 2 mL of a corticosteroid sus-
pension generally suppresses the inflammatory
process in the knee.

Hydroxyapatite crystals and osteoarthritis
The possible relationship between hydroxyap-
atite crystal deposition and osteoarthritis was
first reported by Dieppe et al42 in 1976. The
notion that inflammation might be caused by
apatite crystals was based on the finding of the
crystals in synovial fluid from osteoarthritic
patients.

Although apatite crystals are difficult to
recognize clinically, when acute or subacute
arthritis with an effusion develops, especially
in patients on dialysis, it is reasonable to aspi-
rate the contents of the synovial cavity and
instill a corticosteroid suspension. Specific
diagnosis is made by electron microscopy or x-
ray diffraction of the crystals.

■ HYALURONAN PRODUCTS

Hyaluronan is a glycosaminoglycan polysac-
charide composed of glucuronic acid and N-
acetylglucosamine. It differs from other gly-
cosaminoglycans in that it is unsulfated, and it
does not bind covalently with proteins to form
proteoglycan monomers, serving instead as
the backbone of proteoglycan aggregates.

Hyaluronan is naturally found in the syno-
vial fluid, cartilage matrix, vitreous humor of
the eye, and umbilical cord. In joints, where it
serves as a lubricant and shock absorber, it is
produced by chondrocytes and synovial cells.

Hyaluronan is not well absorbed orally
and for this reason has been chiefly used intra-
articularly. An intra-articular preparation was
approved by the US Food and Drug
Administration (FDA) in 1997 for use in
osteoarthritis of the knee. It is included in the
guidelines for treatment of osteoarthritis of
the American College of Rheumatology and
the American Academy of Orthopaedic Sur-
geons.

Four preparations
Currently, four FDA-approved hyaluronan
preparations, extracted from rooster combs,
are available in the United States (TABLE 2)43:
• Sodium hyaluronate (Hyalgan)
• Sodium hyaluronate (Supartz)
• Hylan G-F 20 (Synvisc)
• High-molecular-weight hyaluronan (Ortho-

visc).

Approved hyaluronan preparations
SODIUM SODIUM HIGH-MOLECULAR- HYLAN G-F 20
HYALURONATE HYALURONATE WEIGHT HYALURONAN (SYNVISC)
(HYALGAN) (SUPARTZ) (ORTHOVISC)

Type of product Natural Natural Natural Chemically
cross-linked

Molecular weight 0.5–0.73 0.6–1.2 1.0–2.9 6.0
(X 106 daltons)

Concentration (mg/mL) 10 10 15 8

Dose volume (mL) 2 2.5 2 2

Dose interval 1 week 1 week 1 week 1 week

Number of doses 3 to 5 5 3 or 4 3

T A B L E  2

Hyaluronan is
naturally found
in the synovial
fluid, cartilage
matrix of the
eye, and
umbilical cord
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All are highly purified natural preparations
except for hylan G-F 20, which is chemically
cross-linked with added formaldehyde and
vinylsulfone to increase its concentration and
retention in the joint cavity. Nevertheless,
studies have not shown any of the four prod-
ucts to have a longer duration of action or to
be more effective than any of the others.43,44

In addition, non-animal-derived hyaluro-
nan preparations, produced by a bacterial fer-
mentation process, are available in Europe.
One of these products, Euflexxa, has recently
been approved in the United States.45 This
highly purified hyaluronan has a high molecu-
lar weight (2.4–3.6 million daltons). A treat-
ment cycle with Euflexxa is three injections;
the effectiveness of repeated treatment cycles
has not been established. Euflexxa could be
especially useful in the rare patient who is
allergic to avian products.

How hyaluronans work
The mechanism of action of hyaluronan was
initially termed viscosupplementation to indi-
cate restoration of normal viscoelastic proper-
ties of the pathologically altered synovial
fluid. The purpose of viscosupplementation is
to restore rheologic and metabolic homeosta-
sis to the joint.46,47 It is thought that this tem-
porary restoration and normalization produced
by hyaluronan improves the protective, lubri-
cating, and shock-absorbing effects of synovial
fluid.

Other possible mechanisms of action
include control of synovial permeability,
blockade of inflammation by scavenging oxy-
gen free radicals, and inhibition of matrix
metalloproteinases.48 Hyaluronan may also
protect chondrocytes and promote cartilage
matrix synthesis. Whether hyaluronan ame-
liorates or modifies disease progression has not
been determined and remains the subject of
much speculation.49

The duration of clinical benefit associated
with the use of these agents far exceeds their
synovial half-life of 2 to 8 days; accordingly,
other mechanisms of action of equal or greater
importance have been proposed on the basis
of investigational studies. These mechanisms
include inhibition of inflammatory mediators
such as cytokines and prostaglandins, stimula-
tion of cartilage matrix synthesis, inhibition of

cartilage degradation, protection against cellu-
lar damage by reactive oxygen species, and a
direct effect on nociceptive nerve endings.

Further, in vitro studies of human syno-
viocytes from osteoarthritic joints reveal that
exogenous hyaluronan stimulates de novo syn-
thesis of hyaluronan, supporting a further pos-
sible benefit from repeat treatment with the
compound. Although only limited informa-
tion is available, an analysis of 255 patients
with knee osteoarthritis suggests that these
agents are effective and safe when given
repeatedly.50

Complications of hylauronan therapy
Significant adverse effects are limited to an
acute local reaction, termed the severe acute
inflammatory reaction (SAIR) or pseudoseptic
reaction, which has been reported in approxi-
mately 2% to 8% of patients who received the
cross-linked hylan G-F 20 preparation.51

SAIRs have not been reported after injection
of any of the natural hyaluronans.50

Clinical trials of hyaluronans
Intra-articular hyaluronan injection is effec-
tive and safe when properly administered. The
major factors that influence the therapeutic
response are the severity of the disease and the
extent of cartilage loss. Additional factors are
underlying malalignment of the knee (varus
and valgus deformities), muscle weakness, and
overloading of the knee joint due to obesity.

In the United States, a large randomized
multicenter placebo-controlled trial with sodi-
um hyaluronate (Hyalgan) was carried out in
495 patients with idiopathic osteoarthritis of
the knee.52 A series of five weekly intra-artic-
ular injections of hyaluronate 20 mg was com-
pared with placebo or oral naproxen 500 mg
twice daily in a double-blind fashion. Hyal-
uronate was beneficial in 80% of patients for
26 weeks. Adverse effects were minor and
chiefly limited to injection site pain or bruis-
ing (23%). Pain relief with hyaluronate was
comparable to that with naproxen.

Similar responses were seen in other stud-
ies.44,53 Analysis by intent to treat and by
treatment received both showed a significant
benefit from hyaluronan in primary efficacy
criteria including pain on walking and the
Lequesne algofunctional index. Symptomatic

Severe acute
inflammatory
reactions have
not been
reported after
injection of any
of the natural
hyaluronans
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benefit persisted for up to 6 months.
Preliminary studies showed that the rate of
osteoarthritis progression decreased after a
series of three hyaluronan injections 4 months
apart, suggesting a possible modifying effect
on the underlying disease process.

A clinical study of hylan G-F 20 found
that 73% of patients had sufficient pain relief
to delay or avoid total knee replacement
surgery (data on file at Biomatrix Co.; pre-
sented at American Academy of Orthopaedic
Surgeons meeting, December 3, 1998,
Anaheim, CA). Patients were given a course
of three hyaluronan injections at 1-week
intervals with an 18-month follow-up.

A recently published randomized con-
trolled comparison of high-molecular-weight
hyaluronan reported that a regimen of three
or four injections was effective and safe, with
a low rate of injection site reactions and no
serious adverse events.43

The effectiveness of these products has
been questioned because a meta-analysis of
studies comparing intra-articular hyaluronan
with placebo (saline) found the evidence
inconclusive.54 However, a more recent meta-
analysis found that this treatment is effective.55

More randomized controlled studies would
help to resolve the uncertainty. We should
keep in mind that patients with advanced
osteoarthritis of the knee with severe or com-
plete loss of joint space (“bone on bone”) are
unlikely to show significant benefit.

High-molecular-weight hyaluronan may
have a greater effect than products with lower

molecular weight, but study heterogeneity
limits the reliability of this conclusion.
Hamburger et al56 reviewed the safety profiles
of intra-articular hyaluronans and concluded
that, overall, hyaluronan therapy is safe, but
the disproportionately high frequency of
SAIRs with hylan G-F 20 indicated that dif-
ferences exist among the available products.

■ FEWER DATA ON OTHER JOINTS

The joints other than the knee most frequent-
ly considered for hyaluronan injection in
osteoarthritis include the distal and proximal
interphalangeal joints, the first carpo-
metacarpal joints, and the first metatarsopha-
langeal joints. Data on the effectiveness of
injecting these joints are limited, and no con-
trolled trials have been performed. The hip is
less commonly treated and, for successful nee-
dle placement, usually requires guidance with
ultrasonography, computed tomography, or
magnetic resonance imaging.57 At present,
FDA approval of hyaluronans is limited to
injection of the knee.

Shoulder pain may be due to osteoarthri-
tis. In a recently completed randomized con-
trolled trial, a series of five weekly hyaluro-
nan injections was effective and well tolerat-
ed in a significant percentage of the
osteoarthritis subgroup with refractory shoul-
der pain.58 Although hyaluronan is approved
for the knee only, these preliminary results of
glenohumeral joint injection appear promis-
ing.
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