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Intra-articular hyaluronic acid viscosupplementation is gaining popularity as a treatment option in the nonoperative management
of patients with osteoarthritis. Recent clinical studies have demonstrated that the anti-inflammatory, anabolic, and chondropro-
tective actions of hyaluronic acid reduce pain and improve patient function. With evidence mounting in support of the efficacy
of this treatment modality for patients with osteoarthritis, its potential use in additional patient populations and for other patho-
logies affecting the knee is being investigated. The current article reviews the use of intra-articular hyaluronic acid viscosupple-
mentation in the management of knee osteoarthritis and presents the potential for expanding its indications for other joints and
alternative patient subpopulations. Additionally, future directions for the use of hyaluronic acid and areas of active research are

discussed.
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With the aging of the “baby boomers,” the prevalence of
osteoarthritis (OA) in the United States is increasing, with
recent projections reporting that by the year 2030, almost
67 million Americans will be affected by the disease. The
Centers for Disease Control and Prevention has estimated
the annual direct costs associated with arthritis and other
rheumatologic conditions to be approximately $51.1 billion
and the indirect costs to be approximately $35.1 billion.*"
A recent survey of all causes of lost productive time in the
US workforce found that arthritis was second only to back
pain as a specific cause of lost work time and the primary
cause of reduced performance at work.”

Although surgery can relieve the pain associated with OA
and improve functional ability, not all patients are candidates
for surgical intervention, and many want to avoid or delay it
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if possible. Nonoperative treatment options for symptomatic
arthritis include lifestyle modifications, physical therapy,
systemic anti-inflammatory medications, intra-articular
injections of cortisone, and hyaluronic acid viscosupplemen-
tation. Intra-articular injection of hyaluronic acid, the vis-
coelastic mucopolysaccharide component of synovial fluid,
has recently seen increased popularity in the nonoperative
treatment of OA.**™

Hyaluronic acid (HA), also known as hyaluronan or
hyaluronate, is a high-molecular-weight glycosaminoglycan
composed of continuously repeating molecular sequences of
glucuronic acid and N-acetyl-glucosamine.'®**% In addition
to providing joint lubrication and shock absorbancy, HA
acts as the backbone for the proteoglycans of the extracel-
lular matrix, creating a hydrated pathway through which
cells can migrate.'®*** Recent studies have also suggested
that HA promotes chondrocyte proliferation and differen-
tiation, which has spurred interest in its use as a scaffold
component in tissue-engineering techniques.?®%%

In the arthritic joint, the concentration and molecular
weight of HA are decreased by 33% to 50%, limiting its role
in maintaining normal joint biomechanics.*® The purpose
of viscosupplementation is to replace the lost HA and
potentially stimulate the production of endogenous HA
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TABLE 1
Available Formulations of Intra-Articular Hyaluronic
Acid Viscosupplementation

Molecular Number
Year Weight of Weekly
Brand Approved Type (kDa) Injections
Hyalgan 1997 Avian 500-720 3-5
Synvisc 1997 Avian 5000-6000 3
Supartz 2001 Avian 620-1200 5
Orthovisc 2004 Avian 1000-2900 3-4
Euflexxa 2004 Nonavian 2400-3600 3

within the joint.'* Although at the present time the exact
mechanism of action is not completely understood, recent
research suggests that HA exerts anti-inflammatory, anal-
gesic, and possibly chondroprotective effects on the articu-
lar cartilage and joint synovium.

Currently there are 5 injectable HA formulations approved
for use in the United States. These include Synvisc (Genzyme
Corp, Cambridge, Massachusetts), Hyalgan (Sanofi-Sythelabo
Inc, New York, New York), Supartz (Seikagaku Corp,
Tokyo, Japan), Orthovisc (Anika Therapeutics Inc, Woburn,
Massachusetts), and Euflexxa (Ferring Pharmaceuticals Inc,
Suffern, New York) (Table 1). These preparations differ with
respect to origin, method of production, treatment schedule,
molecular weight, half-life within the synovium, rheologic
properties, pharmacodynamics, and cost.*® Although intra-
articular HA injection is currently indicated and FDA
approved for treating pain associated with OA of the knee,
recent studies demonstrating beneficial results with respect
to pain reduction and functional improvement have led to
increased off-label use for OA of the hip, shoulder, and
ankle.®® The current article reviews the use of intra-articular
HA viscosupplementation in the management of knee OA
and presents the potential for expanding its indications to
other joints and alternative patient subpopulations.
Additionally, future directions for the use of HA for other
knee pathologies and areas of active research in orthopaedic
surgery are discussed.

HA VISCOSUPPLEMENTATION IN KNEE OA

Within the normal adult knee, there is approximately
2 mL of synovial fluid with an HA concentration of 2.5 to
4.0 mg/mL. This endogenous HA, which is produced by
type B synoviocytes and fibroblasts of the synovial mem-
brane, has a molecular weight of 5 to 7 x 10° Da.'®%
Studies have shown that during the progression of osteoar-
thritic degeneration, the concentration and molecular
weight of HA within the synovial fluid are reduced second-
ary to dilution from inflammatory effusion, abnormal syn-
oviocyte production, and molecular fragmentation.*®"® This
alteration in HA structure and concentration during the
degenerative process decreases the material’s ability to
effectively lubricate the joint surface and distribute the
stresses associated with weightbearing. Additionally, frag-
mented low-molecular weight HA has been shown to have
a proinflammatory effect.'>%
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Injection of HA into the joint space of an osteoarthritic
knee has been shown to improve the quantitative and
qualitative properties of endogenous HA, increasing joint
lubrication in the short term.'®** Additionally, exogenous
HA supplementation may provide significant anti-inflam-
matory effects within the joint space, affecting leukocyte
function and reducing the concentration of inflammatory
mediators such as prostaglandins and fibronectin.?*%767%3
Direct analgesic activity and chondroprotective properties
of intra-articular HA injection have also been suggested by
a number of recent animal studies.>*"**%'

Candidates for HA Viscosupplementation

As injectable HA preparations improve and become more
readily available, the quest to define the ideal candidate
for this treatment is increasingly important. Although
many questions remain, HA should not be administered to
patients unless they have significant pain related to
arthritis of the knee and are unable to receive or previ-
ously have failed to respond to other conservative treat-
ment options such as nonsteroidal anti-inflammatory
medications and physical therapy.

Nonsteroidal anti-inflammatory drugs (NSAIDs) have
long been a mainstay of treatment for mild to moderate OA
but are associated with significant side effects and are not
well tolerated by all patients. Recent concerns related to
cardiovascular risk with both nonselective and cyclooxyge-
nase-2-selective NSAIDs have forced at least one drug off
the marketand have prompted furtherinvestigation.?***>**
Nonselective NSAIDs also are strongly associated with
adverse gastrointestinal effects. Some analyses estimate
that the risk of developing significant ulcer disease
while taking even a short course (6 days to 2 weeks) of an
NSAID is 16% to 22%."**® Additionally, as many as 44% of
patients can develop significant dyspepsia requiring medi-
cal treatment.*®

At the present time, there has been no direct association
demonstrated between the effectiveness of HA viscosup-
plementation and patient age, gender, or body mass index.
Contraindications to HA injection include protein/avian
allergies (except Euflexxa), pregnancy or nursing, pediat-
ric patients, joint infection, bacteremia, and local overlying
skin disease.

Timing of Intra-Articular HA Injection

The timing of intra-articular HA injection is important to
provide maximal symptom relief for indicated patients.
Multiple studies have shown that OA severity correlates
well with patient response and might prove to be an impor-
tant factor in the timing of these injections during the course
of the disease. For maximum benefit, patients should be
counseled to consider intra-articular injection early in the
treatment of their disease.

Frequency of injection varies according to the particular
product being used. Of the current commercially available
preparations of HA, Synvisc, Orthovisc, and Euflexxa are
given as 3 weekly injections, whereas 3 to 5 weekly injec-
tions may be used for Hyalgan or Supartz (Table 1).
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Injection Technique

Intra-articular injection of HA is performed under sterile
conditions. It is usually preceded by an aspiration to
remove any effusion that may be present, decreasing the
concentration of in situ inflammatory mediators and limit-
ing the dilutional effect the effusion would have on the
injected material. Preinjection arthrocentesis decreases
the rate of relapse after HA viscosupplementation com-
pared with injection alone.”™

Multiple approaches have been described for knee aspi-
ration and injection, including anteromedial, anterolateral,
lateral midpatellar, and superolateral. Recent studies have
reported that a superolateral or lateral midpatellar injec-
tion site is the most reliable for reaching the synovial joint
space of the knee.'””"® Our preferred approach is the
superolateral aspiration and injection technique.

Clinical Outcomes

Clinical studies of intra-articular HA injection in the nonop-
erative management of knee OA have shown positive
results; however, the reported benefits have been
variable."®**® In a recent meta-analysis, Bellamy and col-
leagues™ examined 76 placebo-controlled randomized clini-
cal trials and found that intra-articular HA injection was an
effective treatment for knee OA. The authors noted that
HA supplementation reduced arthritis-related pain and
improved knee function and overall patient assessment,
with the most pronounced improvement experienced 5 to 13
weeks after injection. In a comparison of intra-articular HA
injection, oral NSAID treatment, and placebo, Altman and
Moskowitz’ found that at 6-month follow-up, exogenous HA
injection provided superior pain relief and functional
improvement compared with placebo (P < .03 and P < .05,
respectively). Although the outcomes of HA administration
were better than those seen with NSAID treatment, the dif-
ference did not reach statistical significance (P = .22).
Similar benefits were reported by Adams and associates,"
who demonstrated that at 6-month follow-up, patients
treated with either HA supplementation alone or HA sup-
plementation combined with NSAIDs had superior out-
comes to those among patients treated with NSAIDs alone
(P < .05 for both comparisons). Caborn and colleagues20
found in their comparison of intra-articular HA and corti-
costeroid injections that although the maximal benefit of
steroids appeared more rapidly (within 2 weeks), pain
reduction and functional improvement were significantly
better (P < .01 and P < .0001, respectively) with HA supple-
mentation during the 3- to 6-month follow-up period.

Complications Associated With HA
Viscosupplementation

Clinical studies have demonstrated that HA viscosupple-
mentation is generally well tolerated.” Although signifi-
cant complications are rare, mild adverse effects have been
reported to occur in 3% to 20% of patients.>"*""*% The
most common complication associated with intra-articular
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HA injection is an inflammatory reaction at the injection
site, characterized by localized injection site pain and a
knee effusion.*® These injection site reactions are usually
mild and self-limited, resolving without intervention
within 1 to 3 days.*" Other mild adverse effects that have
been reported include postinjection itching, headaches, and
calf pain.” Rarely, HA viscosupplementation has been
reported to induce flares of crystalline arthropathy.>*>*®

Case reports within the orthopaedic and rheumatologic
literature describe a more significant inflammatory
response to intra-articular HA injection called severe
acute inflammatory reaction or pseudosepsis.‘l’w’zg"u’w’68
This more severe adverse reaction has been defined clini-
cally as severe joint inflammation with pain and swelling
occurring 24 to 72 hours after an intra-articular injection.
It usually occurs after sensitization with the second or
third injection of a series or with a repeat treatment
course. Septic arthritis and crystalline arthropathy are
ruled out with a negative synovial fluid sample, and the
reaction typically is not self-limited, requiring treatment
with nonsteroidal anti-inflammatory medications or an
intra-articular steroid injection. The exact cause of pseu-
dosepsis after HA viscosupplementation is currently not
well understood, although some authors believe it to occur
secondary to increased immunogenicity associated with
the cross-linking process used in certain HA formula-
tions.*' Additional study is required to enable the treating
physician to identify patients at risk for this injection-
related complication and to determine whether patients
with a history of a pseudoseptic reaction can safely receive
further HA therapy.

EXPANDING THE INDICATIONS FOR INTRA-
ARTICULAR HA INJECTION FOR KNEE OA

As it becomes increasingly apparent that intra-articular
HA injection has a positive effect on the clinical course of
disease in OA of the knee, it is possible that providing this
treatment to an alternative patient subpopulation may be
beneficial. To date, the ideal patient for HA injection has
yet to be defined, with the majority of clinical studies
treating patients more than 60 years of age with moderate-
to-severe OA. In a recent meta-analysis, Wang and cowork-
ers®” found that patients older than 65 years with more
advanced degenerative disease were less likely to respond
to HA treatment than were their younger counterparts
with less severe OA.

It is the practice of one of the senior authors to use intra-
articular HA injection on his younger patients with early-
stage degenerative knee OA. The rationale behind this
practice is to take advantage of the anti-inflammatory,
anabolic, and chondroprotective effects of HA at a stage at
which the overall course of the disease may be slowed or
even modified. By stimulating endogenous HA production
by synoviocytes, absorbing inflammatory cytokines, and
inhibiting degenerative changes within chondrocytes and
the cartilage matrix, supplementation in a younger, less
symptomatic patient population may have significant
longer-term benefits.
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In a randomized study including 273 patients, Jubb and
colleagues™ reported that although no difference was
noted among patients with advanced OA, intra-articular
HA therapy significantly reduced the radiographic progres-
sion of joint-space narrowing in the patient subpopulation
with greater joint-space width at the start of treatment
(P <.02). The possibility of a disease-modifying effect of HA
supplementation was also reported by Listrat and associ-
ates’’ in their prospective, randomized study. The authors
found that intra-articular HA treatment resulted in reduced
progression of structural cartilage degeneration at surveil-
lance arthroscopy 1 year after treatment and slowed radio-
graphic joint-space narrowing.

Although well-controlled prospective studies of the effi-
cacy of intra-articular HA injection in younger patients are
necessary, it appears logical that expanding the indications
for its use will be beneficial for this population.

USE OF HA IN JOINTS OTHER
THAN THE KNEE

Although HA therapy currently is not approved by the FDA
for use in joints other than the knee, several trials have
shown that it may have utility in treating OA pain in other
joints. Unfortunately, although the majority of results are
promising, most of these studies have not been placebo
controlled, nor do they use equivalent dosages, injection
frequencies, or efficacy measures. Additionally, most have
enrolled small patient numbers.

Shoulder Pain

Some early studies have suggested that HA injection into
the glenohumeral joint and the bursa is very well tolerated
and may be effective in shoulder pain of various etiologies,
including rotator cuff tears.”® HA is used frequently outside
of the United States to treat shoulder pain.'’ A recent study
concluded that HA may offer an alternative to physical
therapy and steroid injections in treating the pain and
movement limitations of adhesive capsulitis.?! Valiveti and
colleag‘ues80 reported their practice experience with HA
therapy (3 or 5 weekly injections) for 11 patients with
shoulder OA. By physician assessment, 2 patients had mod-
erate improvement, 7 mild, and 2 none. By patient assess-
ment, 5 had moderate improvement, 5 mild, and 1 none.
The average duration of improvement was 4 months.

The strongest evidence to date supporting HA use for
shoulder pathology comes from the first large, double-
blind, randomized, saline-controlled study in the United
States of HA injection for persistent shoulder pain. This
study enrolled 602 patients with shoulder pain of at least
6 months’ duration, caused by glenohumeral joint OA,
rotator cuff tear, or adhesive capsulitis, who had not
achieved pain relief with conventional therapies. Patients
who received 3 or 5 weekly HA injections experienced sig-
nificant pain reduction compared with those who received
saline injections (P = .036 and P = .012, respectively).
Patients whose shoulder pain was secondary to OA experi-
enced the majority of benefit. At 6 months after injection,
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pain reduction was significant in both OA groups (3 injec-
tions: P = .001; 5 injections: P = .02).® It appears that HA
injection is more beneficial for patients with persistent
pain than for those with acute pain.®®

Ankle Pain

Three recent pilot studies assessed the efficacy and safety
of intra-articular HA injections in treating ankle pain.
Altman and associates® enrolled 30 patients with radio-
graphically documented ankle OA in a 12-week, double-
blind, randomized study of 5 weekly injections of HA or
saline into the tibiotalar joint. Patients who received
HA had an average 46% improvement on the Ankle
Osteoarthritis Scale (AOS) pain subscale, whereas the
saline group had an average improvement of 8%. The inci-
dence of adverse events was low and similar between
groups.

Sun and colleagues™ administered 5 weekly HA injec-
tions to 75 patients with unilateral ankle OA. Patients’
pain scores on the AOS and the American Orthopaedic
Foot and Ankle Society ankle/hindfoot scale were signifi-
cantly (P < .001) superior to baseline scores at each fol-
low-up visit (1 week, 1 month, 3 months, and 6 months
after the final injection). Although 48 patients experienced
increases in range of motion, these changes were not sig-
nificant. Patients expressed a high level of satisfaction
with treatment, with an overall patient-satisfaction rate of
86.7%. There were no serious adverse events, and the injec-
tions were well tolerated.

Salk and coworkers™ randomized patients with OA of
the ankle to receive 5 weekly injections of either HA (n =
9) or phosphate-buffered saline solution (n = 8). Although
both groups reported improvement during follow-up
(P <.0001 for within-patient differences), at 6 months after
the final injection, 56% of the HA group versus 13% of the
saline group had more than 30 mm of improvement on the
AOS. There were no significant between-group differences
in pain relief, range of motion, or quality of life. Trends in
all of these areas, however, favored HA. At 6 months of
follow-up, 83% of HA patients reported no problems in
performing their usual activities versus 33% of the saline
group, and the difference in mean scores for vitality on the
Short Form-12 quality of life scale was significant (47.22
for HA and 25.00 for saline; P = .029).

Hand Pain

A 6-month, open-label pilot study looked at HA injections
for OA at the first metacarpal-carpal joint in 16 patients
who had tenderness in that joint and/or pain on thumb
use. The injections were well tolerated. Mean at-rest pain
scores decreased by 46%, and pain on use decreased by
27%. Maximum relief was achieved by month 5 after injec-
tion and was sustained through the sixth month.” More
recently, injection of HA was compared with that of a glu-
cocorticoid in a randomized single-blind study enrolling 56
patients with OA of the carpometacarpal joint of the
thumb. Maximum pain relief was achieved at week 2 or 3
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TABLE 2

Recent Studies of Hyaluronic Acid Viscosupplementation in Osteoarthritis of the Hip®

Author Year N  Number of Injections  Follow-up Efficacy Measures

Vad et al™ 2003 22 3 ly AAOS Lower Limb Core Scale, Visual Numeric Pain Score
Berg and Olsson™ 2004 31 1 3 mo WOMAUC, Patient Global Assessment

Tikiz et al”’ 2005 48 3 6 mo VAS, WOMAC, Lequesne Index, NSAID use

Pourbagher et al® 2005 10 3 6 mo VAS, WOMAC

Migliore et al® 2006 30 1,2,0r3 6 mo Lequesne Index, VAS, NSAID use

Conrozier et al®® 2006 56 lor2 90 d OMERACT-OARSI Criteria (VAS, WOMAC)

Van Den Bekerom et al®*® 2006 60 1,2,0r3 6 mo VAS, NSAID use

“AAOS, American Academy of Orthopaedic Surgeons; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; VAS,
visual analog scale; NSAID, nonsteroidal anti-inflammatory drug; OMERACT-OARSI, Outcome Measures in Clinical Trials—Osteoarthritis

Research Society International.

with the steroid and at week 26 with the HA. On a visual
analog scale, 88% of the HA group and 79% of steroid
patients reported long-term pain improvement (after 26
weeks), and those in the HA group demonstrated signifi-
cantly superior lateral pinch power (P = .02).%

Hip Pain

Hyaluronic acid therapy has been studied more extensively
in hip OA than in other nonknee joints. Of issue with the
use of HA in hip OA are the potential for systemic reactions
to the contrast media used in fluoroscopic guidance for
needle placement and the danger of repeated exposure to
radiation. A possible solution is the use of ultrasonography
to guide injection placement.”® A number of recent studies
have evaluated the efficacy of intra-articular HA injection
in the nonoperative management of hip OA (Table 2), of
which 2 used sonographically guided injections.®*®®

In a single-center study, significant (P < .05) improve-
ment was seen in 22 patients with mild to moderate OA
pain 1 year after they had received 3 injections of
high-molecular-weight HA, with an overall success rate of
84%; success rates were 90.5% and 50% among patients
with mild to moderate and severe OA, respectively.”
Similarly, patients in another study had significant (P <
.001) improvement on measures of pain, as well as signifi-
cant (P < .001) reduction in consumption of NSAIDs at 6
months after the third injection of high-molecular-weight
HA.% Conrozier and colleagues® retrospectively applied
the Outcome Measures in Clinical Trials—Osteoarthritis
Research Society International (OMERACT-OARSI) crite-
ria to the results of a pilot study in which they had admin-
istered 1 or 2 injections of high-molecular-weight HA to 56
patients with moderate to severe hip OA. At 90 days after
injection, 58.9% of patients met the OMERACT-OARSI
response criteria. In the absence of a control group, this
observation provided support for the potential benefit of
fewer injections of high-molecular-weight HA.

In a study comparing the effects of low- and high-
molecular-weight HA in hip OA, both formulations caused
significant (P < .001) reductions on pain scores, and both
resulted in significant (P < .0001) reductions in NSAID
use. There were no significant between-group differences

in efficacy and no serious adverse effect of either form of
HA." In a small trial of low-molecular-weight HA, patients
also experienced significant (P < .05) pain relief by the
6-month follow-up.®® Another study assessed the effects of
2 avian-derived HAs of different molecular weights (n = 20
each) and a synthetic HA analog (n = 20). Nonsteroidal
anti-inflammatory drug use decreased by 59% overall, and
by 6 months after injection, 45% of patients had not
required surgery. No between-group differences in efficacy
were observed.®! Berg and Olsson' performed a pilot study
of 1 injection of nonanimal stabilized HA. At 3 months
after injection, improvements were significant (P < .0007)
by both objective and patient assessments.

POTENTIAL FOR DISEASE-MODIFYING
ACTIVITY OF HA

It has been thought for some time that HA may have dis-
ease-modifying properties. Although its half-life ranges from
1 to 3 days to 7 to 10 days depending on the specific formula-
tion used, studies have noted that the effects of injected HA
substantially outlast its half-life in the joint.40 Thus, it has
been hypothesized that intra-articular HA does not simply
provide viscosupplementation but also may affect the
underlying pathologic factors associated with OA symp-
toms.* Numerous studies using rabbits, dogs, and sheep
have supported the hypothesis that exogenous HA reduces
cartilage degeneration and promoted tissue repair.*’
Several clinical studies also provide evidence for the
disease-modifying potential of HA. In one study, 3 sets of 3
weekly injections of low-molecular-weight HA, at 3-month
intervals, were administered to 19 patients with knee OA,
and their 1-year outcomes were compared with 17 patients
with knee OA who did not receive HA. Although deteriora-
tion was seen in both groups on radiographs and arthros-
copy, it was less extensive in the HA-treated group.” As
part of a study comparing low-molecular-weight HA with a
corticosteroid, arthroscopic and microscopic evaluations
were performed, at baseline and 6 months after the last of
5 weekly injections, on the knees and tissue samples of 48
patients. Both treatments reduced inflammation and
resulted in reparative structural changes.®® In another
study, Bagga and colleagues11 observed that at 3 months
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after 3 weekly injections of high-molecular-weight HA, the
mean HA concentration in the synovial fluid of 27 patients
had increased by 13% (P < .0008). By the 6-month fol-
low-up, the HA concentration of approximately half of the
patients was still above baseline values. This suggests that
HA injections may have stimulated production of endoge-
nous HA and thus altered disease progression.

FUTURE DIRECTIONS

As reports in the literature continue to demonstrate the
symptomatic and possible disease-modifying benefits of
intra-articular HA injection in knee OA, the off-label use of
this therapy has increased. There has also been interest
generated in the use of this treatment for patients with
other lesions affecting the knee.

During arthroscopic knee procedures, in addition to
washing out debris and inflammatory cytokines, the irriga-
tion fluid removes the native synovial fluid and the lubri-
cating HA layer covering the articular surface.** In vitro
and animal studies have demonstrated that arthroscopy
irrigation fluid can have a detrimental effect on chondro-
cyte metabolism after arthroscopic surgery.'”® It is possi-
ble that intra-articular injection of HA after arthroscopy
may have a positive effect on postoperative pain and
improve the efficacy of treatment secondary to aiding the
rapid restoration of the lubricating and protective HA
layer. In a randomized study including 80 patients,
Hempfling** evaluated the efficacy of HA injection imme-
diately after knee arthroscopy. He found that compared
with controls, patients who received HA injections after
arthroscopy maintained the pain-relieving and functional
benefits of the surgical procedure to a greater extent at
both 1- and 2-year follow-up. Additionally, recent animal
studies have demonstrated that HA injection after experi-
mental meniscal tear results in more rapid healing with
better defect fill and more normal-appearing repair tissue,
suggesting the potential use of HA injection after cases of
meniscal repair.”**"

Patients undergoing anterior cruciate ligament recon-
struction may be another group who would benefit from
postprocedure HA injection. A recent animal study demon-
strated that HA treatment had positive effects on tendon-
to-bone healing in a ligament-reconstruction model.*® The
authors found that specimens treated with HA had histo-
logically better tendon-to-bone healing and biomechanical
failure strength than did untreated controls.

Hyaluronic acid injection may also be a useful adjunctive
treatment modality for patients with osteochondral defects.
In addition to the potential improvement in the quality of
repair tissue and incorporation with adjacent cartilage
after microfracture, abrasion arthroplasty, or osteochondral
grafting of full-thickness defects, HA supplementation may
also provide a chondroprotective effect on the surrounding
cartilage, limiting the detrimental effects associated with
edge loading during weightbearing. Tytherleigh-Strong and
colleagues,” using a sheep mosaicplasty model, reported
that intra-articular HA injection resulted in improved
integration of implanted osteochondral grafts with the
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surrounding tissue. Additionally, the authors found that
glycosaminoglycan levels and the aggregate moduli (a mea-
sure of cartilage stiffness under loading conditions) of the
repair tissue in the treated group were significantly higher
than that seen in the control specimens (P < .05 for both com-
parisons), leading them to believe that intra-articular HA
treatment after mosaicplasty improves graft chondrocyte
survival and metabolic activity.

Patients with isolated patellofemoral pain may be
another population who would benefit from intra-articular
HA therapy. The anterior knee pain associated with iso-
lated patellofemoral disease is often disabling and refrac-
tory to both conservative and operative treatment
methods.? In an open pilot study of 43 patients with iso-
lated patellofemoral symptoms, Clarke and coworkers™
found that HA injection provided significant improve-
ments in overall knee pain and in the extent of pain with
stair climbing compared with baseline (P < .01 for both
comparisons). Additionally, these improvements were
maintained for up to 1 year postinjection.

Timing of Delivery

The appropriate number and timing of HA injections have
yet to be determined. Single-injection HA therapy has been
used in Europe (Durolane, Smith & Nephew Inc, Memphis,
TN) and is currently being investigated clinically in the
United States. The US Food and Drug Administration has
approved repeat courses of intra-articular HA injection; how-
ever, many insurance plans require at least a 6-month inter-
val between treatments.'® In an early study evaluating the
efficacy of HA supplementation, Dixon and colleagues®
found that up to 11 injections over a 23-week period provided
significant improvement compared with baseline in OA knee
pain (P < .02).1t is possible that once the exact mechanism of
action of intra-articular HA treatment is understood, timing
of delivery will be optimized. Further investigations are
needed to determine the efficacy of intra-articular HA injec-
tions given over greater time intervals.

Cellular Mechanisms of Action

In vitro and animal studies are ongoing in an effort to
determine the effects of exogenous HA administration on
chondrocyte metabolism and its effect on the pathogenesis
of OA. In a canine model of OA, Echigo and coworkers®
demonstrated that intra-articular HA injection suppressed
chondrocyte apoptosis compared with control specimens.
Similar results were seen by Diaz-Gallego et al®® in a
rabbit OA model. These authors concluded that the
chondroprotective action of HA supplementation occurred
secondary to an inhibition of the production of nitric oxide,
a mediator suspected to contribute to cartilage degenera-
tion and chondrocyte death. Other studies have shown
that HA treatment may limit the progression of OA lesions
by stabilizing proteoglycan structure, limiting the frag-
mentation and enzymatic breakdown associated with
degenerative arthritis.*®*”® Once the mechanism of action
of HA is elucidated, additional issues, such as the effect of
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differences in HA preparation molecular weight and half-
life in the synovium, will be better understood.

Long-term Delivery Systems

In a normal joint, the average intrasynovial half-life of HA
is approximately 20 hours.”® In an inflamed joint, this
half-life is significantly decreased to the 11- to 12-hour
range. Studies of the various HA products available on the
market have shown that the fluid forms of injectable HA
have half-lives ranging from 1 to 3 days to 7 to 10 days,
whereas cross-linked versions have been reported to be
present for up to 30 days. Future research into possible
structural modifications of the injected HA preparations
(cross-linking, fluid-gel ratios) or longer-term delivery
systems (controlled-release carriers) may improve the
duration of action of intra-articular HA treatment. If the
therapeutic window for each HA treatment is extended,
the number of required injections and perhaps the overall
cost of therapy may decrease.

SUMMARY

Intra-articular HA injection is gaining popularity as part
of the nonoperative management of patients with OA. The
anti-inflammatory, anabolic, and chondroprotective actions
of HA have been shown in recent clinical studies to reduce
pain and improve function. With evidence mounting in
support of the efficacy of this treatment modality for
patients with OA, its potential use in additional patient
populations and other pathologies affecting the knee is
being investigated. Although continued study is needed,
intra-articular HA injection is proving to be a safe, effec-
tive, and evolving tool for clinicians treating patients with
symptomatic OA.
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