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Managing joint disease is a common requirement for owners of older
horses. Needs range from keeping broodmares comfortable on pasture to
maintaining dressage horses in performance. This article touches on the var-
ious treatment and control modalities available and discusses documented
usefulness and potential side effects for the older horse.

Cartilage damage is the hallmark of osteoarthritis; however, in most
instances, cartilage damage is accompanied by changes in the joint capsule,
synovium, and subchondral bone. Treatment protocols need to consider all
components to be optimally effective. Primary treatment goals include con-
trol of pain, maximizing function, limiting disease progression, and, at least
theoretically, facilitating repair processes [1].

Pain management

Pain is commonly associated with equine osteoarthritis. Chronic pain has
little or no protective value and can alter nervous system responses, which
results in physiologic, metabolic, and immunologic changes if not controlled
[2]. Inflammation also leads to hypersensitization to stimuli, with decreased
activation thresholds and recruitment of additional nociceptive fibers [3].

Nonsteroidal anti-inflammatory drugs (NSAIDs) are the most commonly
used analgesic drugs in the horse. Besides controlling pain by inhibiting
prostaglandin release, they most likely have central actions not related
to cyclooxygenase [4]. NSAIDs and other anti-inflammatory agents are
discussed below. NSAIDs are considered to be only moderately effective
at controlling the painful response to osteoarthritis, however. Enhanced
responses may be obtained with the addition of other therapies.
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Arthroscopy

Although arthroscopy is highly useful for evaluating the extent of carti-
lage damage in equine joints, it is often less valuable as a therapeutic tool.
Osteophyte removal is usually not necessary unless the bony proliferations
impinge on an articulating surface or are at risk of fracture [5]. Conservative
debridement of abnormal cartilage is recommended because of its poor heal-
ing capability [6]. Synovectomy theoretically allows removal of a major
source of inflammation. When performed experimentally in horses, the
regenerated synovium was devoid of villi and had abnormal architecture.
No detrimental cartilage effects were detected by 120 days [7]. Preliminary
work in horses with synovitis suggests that it may stimulate cartilage remod-
eling, however [8]. In people, synovectomy is more commonly used for
chronic hemarthrosis and rheumatoid arthritis than for osteoarthritis.
Improvement rates for nonrheumatoid arthritis still approach 50% unless
severe bone destruction is present [9]. Manual synovectomy is being replaced
with radiation or chemical synovectomy in many situations [10,11].

Arthrodesis

Arthrodesis is a viable option for movement-related pain, particularly
in the pastern joints and lower hock joints. Fusion of these joints does not
preclude athletic performance. A pastern joint may be fused using cortical
screws, dynamic compression plates, or a combination of screws and plates
[12,13]. Reported success rates for return to performance range from 46% to
67% in forelimbs to 80% to 84% in hind limbs [13,14]. Recovery times aver-
age 10 months before return to work [13]. In one study, four of six horses
with bilateral pastern arthrodeses were able to return to work [13].

Fusion of the distal intertarsal and tarsometatarsal joints can be accom-
plished naturally by continuing work and/or intra-articular corticosteroids.
This process is usually lengthy, however, and fusion may not occur [15]. The
fusion process can be enhanced with the use of cartilage removal by intra-
articular drilling or by injection of monoiodoacetate (MIA). Intra-articular
drilling does not remove all cartilage but does allow enough bony union to
occur so as to improve lameness. Functional ankylosis is apparent at 3 to 8
months, and horses are usually back in regular work at 6 to 12 months
[16,17]. The procedure may be combined with a cunean tenectomy, which
may also help with pain relief [16]. A 78% to 80% success rate for return
to soundness is reported for treatment of the lower joints [16,17]. Horses
with proximal intertarsal joint osteoarthritis do not respond as well (55%)
[17]. Implants (eg, T-plates, perforated stainless steel cylinders) or grafts
may be added; the convalescence period has not been shown to be altered,
but success rates may be slightly improved [17,18]. In many instances, sub-
chondral fenestration is also performed at the time of surgery. This may
enhance pain relief if elevated subchondral bone pressures are present [19].
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MIA injection is reportedly a relatively easy and inexpensive method of
fusion. The compound destroys cartilage by causing chondrocyte death. In
a report involving 39 horses, 70% of horses were fused by 3 months and
63% were sound at that time. By 12 months, 88% were fused and sound.
Long-term (mean = 28 months), 75% were sound [20]. Problems developed
in the proximal intertarsal joint and tarsocrural joint in 4 horses, perhaps
as a result of inadvertent MIA injection of the proximal intertarsal joint. The
recommended protocol involves injection of 100 mg of MIA after a contrast
arthrogram to confirm needle placement and lack of joint communication.
Postinjection pain is severe, and horses need appropriate pain control for the
first 12 to 18 hours but then seem to return to preinjection levels of lameness.
After the initial pain resides, horses should be exercised for 1 to 2 weeks to
encourage maceration of cartilage. Stall rest is then recommended for 1 to
2 months, and turnout should be restricted until 4 to 6 months after injection.

Arthrodesis of the fetlock joint, coffin joint, or carpus is possible but is
generally restricted to salvage animals for breeding purposes or for pasture
retirement. Successful fusion of the scapulohumeral joint was reported in a
miniature stallion [21].

Exercise

Consistent light exercise regimens are recommended and may improve
range of motion and muscle strength [22]. Pasture turnout is preferred over
stall rest, because stall rest generally results in increased stiffness and pain.
Stall rest should be used only during periods of acute pain exacerbation
or joint instability [1]. Exercise that strains joints excessively or that per-
sists for extended periods should be avoided but light to moderate exercise
stimulates articular chondrocyte metabolism [23]. Body weight should be
reduced to normal or slightly lighter levels to minimize mechanical stress [1].

Shoeing

In people, shock-absorbing footwear reduces impact and pain [22]; pads
may provide some benefit in horses with joint pain. Horses with hind limb
problems do better without calks, stickers, or trailers, which can torque the
limb [16]. Well-fitting wide web shoes with an adequate heel distribute
weight. Flexion of the joint stretches the joint capsule, increases intra-artic-
ular pressure, and even increases intramedullary pressure, all of which leads
to exacerbated pain [4]. Therefore, easing breakover with short foot length,
squared off toes, or rocker-toed shoes may help horses with osteoarthritis
[24]. More frequent trimming (every 4—-6 weeks) is often beneficial to main-
tain short foot length.

Acupuncture

People with osteoarthritis tend to be one of the groups with the highest
acupuncture use rate [22]. In a review on the various trials evaluating the use
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of acupuncture to treat equine lameness, improvement was noted in 82.4%
of horses with back pain, 87.5% of horses with shoulder pain, 94.1% of
horses with fetlock pain, and 86.7% of horses with laminitis. In most cases,
two to five treatments were recommended, with treatments scheduled 1 to 4
weeks apart [25]. The quality of trials was not addressed. A review of the
human literature found inconclusive evidence for change in function but
improvement in pain management [26]. Strong placebo effects and difficulty
in masking were noted [22]. In a recent human study, positive effects on pain
lasted 4 weeks after acupuncture treatment [27].

Magnetic therapy

Both static and pulsating electromagnetic field therapies have been sug-
gested to provide analgesia. The reports on pulsating fields in people are
conflicting; a summary study suggested that insufficient data are available
to draw conclusions as to efficacy [28]. Static magnetic field studies have sim-
ilar mixed results [29]. Recent studies have demonstrated decreases in pain
and synovitis [30,31]. In horses, blankets and boots are available to provide
pulsating electromagnetic fields; however, it is difficult to select a field strength
appropriate for a particular disorder [29]. Static fields are easier to obtain
using relatively inexpensive magnet-containing pads and wraps. There are
no studies verifying the efficacy of either form for equine osteoarthritis.

Transcutaneous electric nerve stimulation

Electric muscle stimulation using pulsed alternating current enhances
muscle strength and joint flexibility as well as decreasing pain and edema
[32]. Transcutaneous electric nerve stimulation (TENS) units are primarily
designed for pain relief rather than for muscle strengthening [32]. Two
recent reviews of the literature suggest that TENS may be helpful for people
with osteoarthritis, but no reports of well-controlled pain studies in animals
have been published [33,34].

Therapeutic ultrasound

Therapeutic ultrasound is primarily used for tendinous injuries and soft
tissue scarring. It could help to relieve joint contracture before exercise;
however, this has not yet been effectively demonstrated [28,35]. By heating
tissues, it increases blood flow and decreases pain as well as increasing tissue
extensibility [32]. In chronic injuries, the continuous mode is preferred because
of its thermal effects [32]. Potential exists for phonophoresis or sonophoresis,
the use of ultrasound to transmit drugs through skin as discussed below [35].

Low-level laser therapy

Laser therapy is used for pain relief and has been shown to decrease the
pain associated with knee osteoarthritis in people; twice-daily treatments for
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10 days resulted in effects lasting 4 to 6 months [28]. Difficulties exist in
determining appropriate wavelength, dosage, and treatment duration [36].
The mechanism of action is unknown, and controlled veterinary studies are
lacking.

Capsaicin

Capsaicin, a component of hot peppers, excites C-fibers, leading to the
release and subsequent depletion of substance P from afferent nerves. Pro-
longed exposure leads to analgesia because of lack of neurotransmitter
[37]. Pain scores and analgesic use subsequently decrease [37,38]. In people,
capsaicin is applied four times daily for the treatment of osteoarthritis. Effi-
cacy was increased and an initial burning sensation was decreased when
capsaicin was combined with glyceryl trinitrate [38].

Extracorporeal shockwave therapy

Extracorporeal shockwave therapy (ESWT) is used in people for inser-
tional desmopathies, periosteal inflammation, and bone exostoses [39]. In
horses, it has been reported to be useful for suspensory desmitis, navicular
syndrome, splint bone exostoses, capsulitis, bone spavin, and check ligament
desmitis [39,40]. Convincing studies are still lacking in human and equine
medicine, however, as are data on ideal treatment parameters and source
of shockwaves [41].

New analgesics

Newer opioids with minimal central nervous system (CNS) and gastroin-
testinal (GI) effects are being developed and may be useful in the horse. Tra-
madol is a synthetic oral opioid that is being used in people who do not
respond to treatment with NSAIDs for osteoarthritis [22]. Tramadol is effec-
tive epidurally in horses [42]. An opioid antagonist is also being developed
that seems to be capable of preventing GI effects without altering the anal-
gesic properties of morphine [43].

Other drugs are being investigated in people and animals for newly dis-
covered analgesic effects. These include tricyclic antidepressants, such as
amitriptyline and imipramine, given at a lower dose and shorter time frame
than would be used for clinical depression. They are associated with signifi-
cant side effects, however [44]. Gabapentin is a newer anticonvulsant that is
being suggested as a useful analgesic in cats [45]. N-methyl-p-aspartate
(NMDA) receptor antagonists (related to dextromethorphan) and leuko-
triene D4 receptor antagonists are also being investigated [44,46].

New delivery routes

Avoidance of painful intra-articular injections is an area of extensive
research. Methods of transdermal drug delivery are described below. Recent



416 E.D. Malone | Vet Clin Equine 18 (2002) 411-437

reports suggest that subcutaneous hydromorphine is equivalent to intra-
muscular meperidine for controlling postoperative pain with fewer side
effects [47]. Additionally, an implantable drug delivery device has been
described [48]. Fentanyl patches hold promise for chronic pain management
in horses [49]. A lidocaine patch is being developed, as are carriers designed
to prolong local anesthetic effects [S0-52].

Control of inflammation

Normal articular cartilage is relatively acellular and is composed primar-
ily of a hyperhydrated matrix that provides compressive strength and a net-
work of collagen fibers that provides both tensile strength and architectural
support [53]. The matrix consists of proteoglycans joined to long backbones
of hyaluronan. The proteoglycans are composed of glycosaminoglycans
(GAG:s), highly negatively charged chains of repeating disaccharides bound
to a protein core. The strong anionic nature of the GAGs allows the matrix
to contain 65% to 80% water [54]. Collagen fibers (primarily type II) bind
both the proteoglycans and the subchondral bone [53].

Matrix turnover is slow, and many factors can overwhelm the reparative
capabilities of hyaline cartilage. Abnormal stresses (eg, instability caused by
soft tissue or bone damage) can directly damage the collagen framework
(leading to release of proteoglycans) or cause chondrocyte injury (leading
to decreased proteoglycan production). Inflammation causes the release of
enzymes that can degrade proteoglycans, hyaluronan, or collagen as well as
decrease the synthesis of matrix components. With decreased proteoglycan
content, cartilage cannot retain as much water and is more easily damaged.

Synovitis is an almost universal component of osteoarthritis in horses. In
many instances, it is likely the initiating factor and is usually more closely
correlated with clinical signs than is the amount of cartilage damage [3].
Release of lysosomal enzymes and production of inflammatory mediators,
such as prostaglandin E, (PGE,), interleukin-1 and interleukin-2, tumor
necrosis factors, and neutral matrix metalloproteinases, contribute to car-
tilage breakdown, ongoing synovitis, and pain [53,55]. Anti-inflammatory
drugs, such as NSAIDs, corticosteroids, and sodium hyaluronate (HA) help
to protect cartilage by reducing inflammatory enzymes and the associated
matrix degradation and decreased matrix synthesis [56].

Nonsteroidal anti-inflammatory drugs

Phenylbutazone is the most widely used of the NSAIDs, with doses of 2.2
mg/kg or less being relatively nontoxic long-term [57]. In a model of acute sy-
novitis, phenylbutazone (4.4 mg/kg) was found to be better at reducing
lameness, joint temperature, synovial fluid volume, and synovial fluid
PGE, than was ketoprofen (2.2 or 3.63 mg/kg) [58]. Phenylbutazone is inex-
pensive and readily available in either paste or tablet form (1 g or 100 mg).
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Ketoprofen (3.63 mg/kg) was more effective at reducing chronic pain caused
by laminitis than was phenylbutazone (4.4 mg/kg), with effects being present
for at least 24 hours in three of four tests [59]. Flunixin meglumine has also
been shown to be useful for the treatment of lameness but is used less often
for economic reasons [60]. Ketoprofen (2.2 mg/kg) was less toxic than either
phenylbutazone (4.4 mg/kg) or flunixin meglumine (1.1 mg/kg) when given
intravenously (IV) every 8 hours for 12 days [61]. It may also be given safely
intramuscularly (IM) [62].

Many other NSAIDs are being investigated in the horse. Ibuprofen is in
use clinically for chronic musculoskeletal disorders at 10 to 25 mg/kg every 8
to 12 hours. Long-term toxicity at this dose has not been evaluated [63].
Eltenac at 0.5 mg/kg IV once daily for 3 days resulted in significant im-
provements in joint circumference, range of motion, and stride length in an
experimental carpitis model [64]. No difference was detected between 0.5-
and 1.0-mg/kg doses, and effects were equivalent to those of flunixin meglu-
mine (1.1 mg/kg). Analgesic effects of eltenac (1.0 mg/kg) seem to last 24
hours [65]. Meclofenamic acid (2.2 mg/kg every 24 hours) has been found
clinically useful in the treatment of musculoskeletal problems in horses, with
a 60% response rate reported for horses with chronic osteoarthritis
(compared with 36% for phenylbutazone) [66]. It has a slower onset of
action, however, with 36 to 96 hours being required to detect improvement
[66]. Naproxen (5.5 mg/kg), suxibuzone (7.5 mg/kg), carprofen (0.7 mg/kg),
and nabumetone (3.7 mg/kg) may prove useful but have not been well
evaluated for efficacy against equine musculoskeletal pain [67-70].

Tested NSAIDs have been found to accumulate in areas of inflammation
and have increased penetration into inflamed joints; additionally, serum
concentrations do not necessarily correlate with clinical response [71,72].
Reduced absorption and delayed time to peak plasma concentration were
reported when phenylbutazone was given orally after feeding [73]. If given
once daily, morning treatment is probably more effective. The bioavail-
ability of ibuprofen paste was not affected by feeding [74]. When phenyl-
butazone (2.2 mg/kg) and flunixin meglumine (1.1 mg/kg) were given in
combination, the pharmacologic effect was prolonged without evidence of
changes in disposition or clearance [75]; however, toxicity would also be
expected to be additive.

Older horses may be more susceptible to NSAID toxicity. In people, risk
factors for upper GI bleeding include age of 65 years or older [22]. This is
also true for reversible renal failure. Older ponies (8-10 years old) were
found to have a longer half-life of phenylbutazone compared with 3-year-
old ponies [76]. The lowest effective dose and longer intervals between doses
should be used, especially in debilitated animals. Many animals can be
maintained on 2.2 mg/kg once daily as long as other factors (ie, hoof trim-
ming) are addressed.

Recent studies have suggested that NSAIDs may contribute to joint dys-
function if given long term or at high doses. Some NSAIDs have been found
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to affect articular cartilage metabolism negatively or to increase levels of
catabolic cytokines in vitro, probably as a result of changes in the balance
of regulatory prostaglandins and leukotrienes [77]. Flunixin meglumine,
tolfenamic acid, and ketoprofen increased interleukin-1 activity by equine
synoviocytes, whereas phenylbutazone was found to decrease proteoglycan
synthesis in cartilage explants, but only at higher concentrations [77,78].
When combined with other changes in the joint environment (eg, decreased
PGE, levels) along with improvements in inflammation and movement,
purported side effects may not be clinically significant, however. Long-term
NSAID use has not been associated with accelerated disease in human
beings [1]. Additionally, some NSAIDs have been found to have minimal
effects, at least on normal cartilage [79].

Intra-articular corticosteroids

Corticosteroids are also commonly used to provide relief from pain and
inflammation. They not only inhibit PGE, formation but decrease neutro-
phil activation and lysosomal enzyme release; inhibit metalloproteinase
activity; block induction of nitric oxide synthase; and decrease vasodilation,
edema formation, and fibrin deposition [80]. Intra-articular corticosteroids
are considered to be among the most potent and cost-effective treatments
available for joint inflammation [81]. The primary corticosteroids used
intra-articularly include methylprednisolone acetate, triamcinolone, and
betamethasone. Betamethasone has a relatively short duration of action but
is potent. Depending on the size of the joint, 3 to 9 mg of betamethasone is
typically used [81]. Triamcinolone is also relatively short acting, being unde-
tectable by 15 days after injection; however, its clinical duration of action is
generally considered longer [80]. It is favored in high-motion joints at low
dosages (3-12 mg per site) [81]. Methylprednisolone acetate tends to be used
in low-motion joints, such as the distal hock joints. Amounts range from 40
to 80 mg per site. It is thought of as long acting, but recent reports suggest
that it is variably metabolized in the joint (active form undetectable within
5-39 days) [80]. In high-motion joints, corticosteroids are often combined
with HA [81].

Aseptic technique is vital for injection because of immunosuppressive
effects of the drugs. In high-motion joints, steroids can lead to disruption
of the chondro-osseous junction, with resultant cartilage detachment [81].
Corticosteroids are also implicated in the formation of steroid-induced
arthropathies, metaplastic bone formation in soft tissues, and laminitis (par-
ticularly triamcinolone) [81]. Rates of such side effects are likely overesti-
mated [80].

Corticosteroid effects seem to be dependent on drug and concentration.
Although higher corticosteroid concentrations can decrease GAG synthesis,
lower levels may be chondroprotective [82]. In explants taken from normal
joints, low methylprednisolone acetate concentrations (0.004 mg/mL) had
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detrimental effects on synovial tissue, whereas moderate concentrations (1.0
and 0.1 mg/mL) temporarily decreased GAG synthesis but also decreased
proteoglycan release in response to stimulation [82,83]. Higher doses (corre-
sponding to an 80-mg intra-articular injection) led to severe but temporary
depression of proteoglycan synthesis in cartilage explants [82]. When used in
healthy joints or joints with osteochondral defects, methylprednisolone ace-
tate at a dose of 100 mg per site or greater resulted in cartilage damage or
alteration, synovitis, and poor healing of defects, despite improvement in
clinical signs in some studies [80,84,85]. Cartilage from younger animals
seemed to be more sensitive to proteoglycan-depleting effects of the drug,
and inflamed joints may not be as sensitive as healthy joints [86,87].

No significant positive or negative changes were detected after betametha-
sone injection using an osteochondral fragment exercise model [88]. A trend
toward decreased staining and improved lameness was detected.

Triamcinolone (two doses of 12 mg scheduled 2 weeks apart) resulted in
improvement of lameness, lower synovial fluid protein, increased hyaluro-
nan and GAG concentrations in synovial fluid, less synovial inflammation
and fibrosis, and better histologic parameters for the articular cartilage [89].
Additionally, subchondral bone did not seem to be affected by similar intra-
articular triamcinolone injections [90].

In general, until better determination of optimal dose and timing is
obtained, repeated injections of intra-articular corticosteroids should be
used with caution.

Dimethyl sulfoxide

Topical or intra-articular dimethyl sulfoxide (DMSO) has variable effects
experimentally. After exposure to 5% or greater DMSO, proteoglycan syn-
thesis was reversibly inhibited in equine cartilage explants [91]. Detrimental
effects (10% solution) were detected in synovial explants [§3]. When normal
equine joints were lavaged with 10% and 30% DMSO, no difference was
detected from lactated Ringer’s solution in terms of joint inflammation
[92]. Injection of 2 mL of 40% DMSO into equine joints with induced
synovitis resulted in diminished white blood cell increases and a synovial
inflammatory response and did not alter cartilage staining, hyaluronan
concentration, or the lameness score [93]. Topical DMSO penetrated into
equine joints with induced synovitis and decreased the neutrophilic response
[94]. Analgesic effects of either topical or intra-articular DMSO in the horse
have not been well investigated.

Superoxide dismutase

Initial studies on superoxide dismutase suggested it would be an effective
intra-articular treatment for osteoarthritis in the horse [95,96]. Reactive
oxygen species are implicated in cartilage aging, and inflammatory changes
are involved in proteoglycan release [97]. Experimentally, catalase but not
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superoxide dismutase was able to prevent proteoglycan release from carti-
lage explants [97]. Oral bioavailability is also questionable [98]. Addition-
ally, a recent analysis of six different compounds containing superoxide
dismutase found content to be less than 5% of the label claim in all, perhaps
as a result of lack of purification or destruction during the manufacturing or
storage process [99].

Antioxidants

Supplementation with vitamin E, vitamin C, or selenium has not been
shown to be efficacious in the treatment of human osteoarthritis [100,101].
High doses of vitamin C were detrimental in a guinea pig model [102]. These
compounds have not been well investigated in the horse.

Sodium hyaluronate

Hyaluronan is produced by the synovium and provides synovial mem-
brane lubrication and joint fluid viscosity [103]. Poor hyaluronan levels or
function may be evident with joint inflammation or osteoarthritis, particu-
larly if radiographic changes are present [104]. Exogenous HA administra-
tion may help to restore joint function through improvement of synovial
lubrication and through its anti-inflammatory and analgesic activities. HA
is reported to modulate the inflammatory reaction by inhibiting chemotaxis,
decreasing the stimulation and proliferation of lymphocytes, inhibiting neu-
trophil function, scavenging free radicals, and decreasing the production of
PGE, [103].

Equine in vitro and in vivo studies are difficult to evaluate because of
mixed results. In vitro, HA decreased PGE, production by equine synovio-
cytes at high concentrations (consistent with intra-articular administration)
with the exception of HA derived from rooster comb, which increased PGE,
levels [105]. HA did not influence the molecular weight or rate of hyaluro-
nan production, and higher concentrations of HA increased the production
of collagenase from abnormal synovium [106].

Intra-articular treatment with HA has been described as useful in experi-
mentally induced and naturally occurring lamenesses [103,107]. No improve-
ment was detected in lameness grade or synovial parameters in a carpal
synovitis model, however [108]. A combination of HA and methylpredniso-
lone had better and longer lasting effects than methylprednisolone alone
when used intra-articularly in racing Thoroughbreds and Standardbreds
[109]. HA may also protect against the cartilage degradation potentially
associated with steroid administration in the horse [110]. Overall, HA is
believed to be most effective in mild to moderate cases of synovitis or cap-
sulitis [103]. HA does not seem to have direct effects on the cartilage [103,111].

The standard dose of HA is approximately 20 mg per site, with repeated
doses possible in 2 to 3 weeks [81]. Repeated intra-articular administration
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may be associated with increased risk of flare reactions [103]. Higher
molecular-weight products were associated with a longer duration of sound-
ness in one study; however, most studies have found no significant difference
in horses or other species [103].

Legend (Bayer Corporation, Shawnee Mission, KS) is an intravenous HA
preparation that is gaining in use, particularly as a result of the perception
that multiple joints may be effectively treated with one injection [81]. Recom-
mended administration is 40 mg once weekly for 3—4 weeks, followed by less
frequent injections as needed for maintenance [81]. In the horse, intravenous
HA administration persistently decreased lameness, improved synovial his-
topathology scores (less inflammation and vascularity), and decreased syno-
vial protein and PGE, levels after osteochondral fragmentation. No changes
were seen in cartilage or in other synovial fluid parameters [112].

Fatty acids

Diets rich in ®-3 (fish oil) and ©-6 (evening primrose oil or olive oil) polyun-
saturated fatty acids (PUFAs) may help to relieve inflammation by altering
the eicosanoid spectrum. In people, long-term (6-12 months) intake of fish
oils helps to reduce painful joints and minimize stiffness as well as decreasing
the amount of NSAIDs required to control symptoms [113,114]. High doses
are required to be effective in people (2-5 g/d); it may be difficult to attain
equivalent amounts in the equine diet [115]. This would equate to 18 to
24 g/d for an adult horse. If more palatable linseed oil is used, a higher daily
dose (estimated 90-120 g/d) would be required [116]. Linseed oil designed
for furniture refinishing should not be used. To prevent oxidation, open con-
tainers should be used within 2 weeks. The compounds should be stored in
light-resistant and air-tight containers. The oils can be frozen in plastic con-
tainers and thawed as needed. Supplemental antioxidants should be added
before storage (final concentration of 1 g/kg of a-tocopherol or y-tocopherol
or 0.2 g/kg of tertiary butylhydroquinone) [116]. Lipid-rich extracts from the
New Zealand green-lipped mussel (Perna canaliculus) may be a more potent
source of ®-3 PUFAs [117].

S-adenosyl-L-methionine

S-adenosyl-L-methionine (SAMe) participates in a number of analgesic
and anti-inflammatory reactions, giving it effects similar to those of NSAIDs
[118]. Clinical studies in people have shown it to be effective for the treat-
ment of osteoarthritis with minimal side effects [119,120]. In people, it is
dosed initially IV at 400 mg/d for 5 days or orally at 600 mg/d for the first
2 weeks, followed by maintenance orally at 400 to 600 mg/d. Response is
noted at approximately 1 month after oral loading and 2 weeks after IV
loading and can persist for 2 years after treatment ends [120,121]. Few
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veterinary studies have been performed; however, it was effective in altering
the effects of chemically induced synovitis in dogs [118].

New anti-inflammatory agents

Agents that target matrix metalloproteinases, interleukin-1, or nitric
oxide are being developed and are showing potential in experimental models
[122-124]. Among these, the tetracycline group (including minocycline and
doxycycline) can mitigate the side effects of arthritis, likely through cyto-
kine-dependent actions of nitric oxide and metalloproteinases [125-127].
Oxaceprol (N-acetyl-L-hydroxyproline) is an amino acid derivative that
prevents leukocyte migration into joints; it seems to have equivalent effects
on pain and mobility as diclofenac but was better tolerated [128,129].
Many botanical preparations are purported to decrease osteoarthritic
pain through anti-inflammatory actions, including ginger, tumeric, Withania
sominifera, Boswellia serrata, and avocado/soybean extract [130-132]. In
most instances, more studies are required to confirm efficacy and determine
side effects [122]. Enzymes like creatine and bromelain are unlikely to be of
benefit in equine osteoarthritis [115].

New delivery routes

Local and topical anti-inflammatory agents seem to be effective in a vari-
ety of painful conditions in people [45]. These products may provide a
means of achieving high local concentrations with minimal systemic levels
and thus minimal adverse systemic effects.

Local infiltration of the NSAID bufexamac (20 mg) was equivalent to 40
mg of triamcinolone in relieving clinical signs associated with shoulder
periarthritis in people [133]. When horses with induced synovitis were
injected with bufexamac (2040 mg, two injections 1 week apart), the lame-
ness index and stimulation of B-glucuronidase were decreased up to day 28
[134]. Up to six weekly injections of bufexamac (20 or 60 mg) in normal
equine joints had no significant side effects compared with controls [135].
Contact sensitivity to the drug is common in people, however [136]. Work
is being done to develop carriers that could extend the effective duration of
treatment of these and other drugs, including chemotherapeutic agents [137].

Multiple formulations are being evaluated for transdermal drug delivery,
either with penetrating carriers or with phoretic techniques [50]. Tontopho-
resis (using an electric potential gradient) and sonophoresis (using forced
convection with ultrasound pressure waves) have been used to provide rapid
noninvasive drug entry into tissues. These methods avoid injections, re-
duce risk of infection, and avoid first pass hepatic metabolism. They do
require specialized equipment that is not yet readily available, however.
Ketorolac, ketoprofen, diclofenac, and dexamethasone show promise for
relieving painful symptoms of osteoarthritis [138-140].
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Chondroprotection

The primary proteoglycans in the horse are chondroitin sulfate and
keratan sulfate. Hyaline cartilage in older horses contains less chondroitin
sulfate and more keratan and dermatan sulfates [54]. These sulfates form
weaker bonds with collagen, leading to decreased tensile strength and
increased susceptibility to injury. Much work has been done in recent years
to evaluate agents that are designed to provide the matrix components that
might otherwise be in short supply in inflamed or arthritic joints. These are
otherwise known as slow-acting drugs of osteoarthritis.

Polysulfated glycosaminoglycan

Polysulfated glycosaminoglycan (PSGAG; Adequan; Luitpold Pharma-
ceuticals, Shirley, NY) is a semisynthetic polysulfated chondroitin sulfate
manufactured from bovine lung and trachea. Recommended protocols
include 250 mg administered intra-articularly once weekly for 3 to 5 weeks
or 500 mg administered IM every 3 to 7 days for a minimum of 4 to 5 weeks,
followed by maintenance treatment of 500 mg administered IM once or
twice monthly [81,141]. Intra-articular treatment is associated with an in-
creased risk of joint sepsis and nonseptic inflammatory reactions [141]. After
IM injection of 500 mg of PSGAG, therapeutic levels (0.1-1.0 ng/mL) were
present in synovial fluid within 2 hours and within cartilage within 8 hours;
levels persisted for 96 hours [142].

PSGAG seems to have the potential for anti-inflammatory activity and
direct stimulation of cartilage neosynthesis. Various studies have shown that
PSGAG can stimulate hyaluronan, collagen, and GAG synthesis as well
as chondrocyte replication; however, effects seem to be concentration and
joint dependent, with some effects only being obtained with intra-articular
injection [141,143].

In the horse and other species, PSGAG has also been found to inhibit
lysosomal enzymes, reduce the synthesis of prostaglandins and interleukins,
inhibit complement activity, and inhibit the release of free radicals [105,141].
Osteoarthritic cartilage also seems to be more sensitive to the effects of
PSGAG than normal cartilage in vitro [144].

In an osteoarthritic model, PSGAG was found to be protective against
the chondrolytic and cartilage-destroying effects of MIA when given intra-
articularly but not IM [145]. Treated joints had less joint circumference
enlargement, less articular cartilage fibrillation and erosion, and less chon-
drocyte death. In ponies with osteochondral defects, intra-articular PSGAG
seemed to protect against loss of proteoglycan from articular cartilage, lead-
ing to less keratan sulfate in the synovial fluid [146]. PSGAG did not alter
defect appearance, total collagen content, uronic acid content, or propor-
tions of type I and II collagen in equine osteochondral defects, however, nor
did it prevent corticosteroid-induced decreases in articular cartilage levels of
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proteoglycan and fibronectin in ponies [111,144,145]. Additionally, kissing
lesions opposite osteochondral lesions were unchanged grossly but had
increased total fibronectin content after treatment with intra-articular
PSGAG [111,147]. Because fibronectin is increased in osteoarthritic carti-
lage, this raises concerns about the potential for PSGAG-induced alteration
in chondrocyte function and matrix disruption [148]. When ponies with
osteochondral defects were exercised, intra-articular PSGAG treatment
resulted in increased range of motion, less capsulitis and joint effusion, and
decreased radiographic evidence of osteoarthritis than in nontreated exer-
cised ponies [149]. There seemed to be increased release of proteoglycans
from cartilage in treated compared with nontreated ponies and less type
IT than type I collagen in defects [146,149]. The latter may be more of a
concern in acute rather than chronic cartilage defects [147,148].

In 15 horses diagnosed with navicular disease (with <1 year duration),
500 mg of PSGAG given IM for seven treatments every 4 days was found
to improve lameness and response to flexion [150]. Subjectively, PSGAG
was found to be moderately effective in the treatment of osteoarthritis and
lameness, especially in racehorses [107,151].

Pentosan polysulfate is derived from beech hemicellulose and has a
chemical structure similar to that of PSGAG. Pentosan (2 mg/kg IM twice
weekly) did not alter steroid-induced proteoglycan depletion in carpal joints
of ponies [86]. When given to racing Thoroughbreds with chronic osteoar-
thritis (2-3 mg/kg IM once weekly for 4 weeks, then as required), pentosan
treatment improved but did not eliminate clinical signs of joint disease. The
most striking change was in the reduced lameness 24 hours after racing [152].

PSGAG should be of minimal risk when given IM. If given intra-articu-
larly, concurrent antibiotic (125 mg of amikacin) injection is recommended
[81]. PSGAG produces transient dose-dependent effects on coagulation
times in horses; however, no clinical correlations have been detected [148].

Glucosamine and chondroitin

Glucosamine is an important intermediate for numerous compounds,
including GAGs [141]. When given orally, salts of glucosamine (hydrochlo-
ride or sulfate) are well absorbed, diffuse into all body tissues, and concen-
trate in articular cartilage [141]. Almost 50% more of the sulfate salt is
required to provide an equal amount of bioactive glucosamine as the hydro-
chloride salt, however [153]. N-acetylglucosamine was found to be less effica-
cious in cell culture than other glucosamine products [154]. In other species,
glucosamine has been shown to enhance chondrocyte synthesis of GAGs
and collagen, minimize synovitis, and provide symptomatic relief from
osteoarthritis [118,153]. Nevertheless, 100 pg/mL of glucosamine decreased
viability of canine chondrocytes, decreased GAG production, and did not
alter PGE, levels [155]. The remainder of the veterinary studies have eval-
uated a combination of glucosamine hydrochloride and chondroitin sulfate.
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Chondroitin sulfate is the most abundant GAG in cartilage [141]. Chon-
droitin-6-sulfate is primarily derived from shark cartilage, whereas chon-
droitin-4-sulfate is most abundant in mammalian cartilage, particularly
that of young animals [156]. Decreases in chondroitin sulfate levels have
been associated with the formation of occlusive microthrombi in the micro-
vasculature, and age-related decreases could be associated with synovial or
bone degeneration [156]. Recent studies have shown oral absorption of
chondroitin sulfate in rats, dogs, and human beings [157]. In other species,
chondroitin sulfate has been shown to have anti-inflammatory properties,
is able to decrease interleukin-1 production, blocks complement activation,
and inhibits metalloproteinase activity [158]. It seems to be effective in
decreasing pain and protecting cartilage in people [158]. Injectable (IM)
and oral chondroitin sulfate both decreased joint effusion, synovial fluid
protein levels, and response to flexion in an experimental model of equine
synovitis [159].

Meta-analysis of research in people showed that all but one of the pub-
lished clinical trials for glucosamine and chondroitin were positive for con-
trolling symptoms of osteoarthritis [153]. Major deficiencies were detected in
descriptions of randomization, masking, and completion rates, however.
A publication bias (exaggerated estimates of benefit) was also present.

The most tested of the veterinary products is a patented combination of
glucosamine hydrochloride, chondroitin sulfate, and manganese ascorbate
(Cosequin; Nutramax Laboratories, Edgewood, MD). Glucosamine and
chondroitin sulfate have been suggested to work synergistically to increase
cartilage metabolism and inhibit cartilage degradation [156]. Manganese
ascorbate is an essential cofactor in the synthesis of GAGs and stimulates
efficient GAG production when added to glucosamine [156]. It may also
function as an antioxidant [156]. The salt form of manganese is well ab-
sorbed after oral administration, and no toxic effects have been reported
[156]. Cosequin is dosed at 22 mg/kg of glucosamine hydrochloride plus
8.8 mg/kg of low-molecular-weight chondroitin sulfate. Cosequin has a shelf
life of approximately 2 years when stored tightly closed at room temperature
in a dry location away from direct sunlight.

Two trials in horses suggest that Cosequin is useful for the treatment of
equine osteoarthritis (25 horses) and navicular syndrome (8 horses), with
improvement observed in lameness scores, response to flexion, and other
tested parameters [160,161]. In a third study, no benefit was observed in a
26-day trial evaluating Cosequin’s effects on induced synovitis, including
lameness score, range of motion, joint circumference, and synovial protein
levels [162]. Most reports suggest that it takes 4 to 6 weeks for clinical
changes to be detectable [158,163].

Cosequin was found to alter hemostatic and hematologic values in other
species, but all values stayed within normal ranges and none were consid-
ered to be of clinical significance [164]. Stool softening and gas were detected
in less than 2% of dogs tested [163]. Six adult mares given five times the
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minimum dose for 35 days did not show clinically significant alterations in
laboratory values or synovial fluid protein [165]. Nevertheless, because of
the similarity of GAG to heparin, care should be taken when it is used
with other platelet inhibitors, such as phenylbutazone, in animals that may
be predisposed to bleeding problems [158], but no clinical problems have
been reported with the combination [72]. Adverse effects have been re-
ported with mixtures containing glucosamine, chondroitin sulfate, and her-
bal extracts [158].

These slow-acting drugs of osteoarthritis should be most effective in
early-stage osteoarthritis, and time is required to obtain full benefit. In
people, marked divergence from placebo was noted at 2 years [166]. Dif-
ficulties exist in determining clinical effect because of the variable nature
of osteoarthritis: clinical signs vary over time and with exercise and shoeing
changes [56].

Use of either PSGAG or Cosequin is not inexpensive [81]. Several similar
compounds have come on the market in competition. Most feed additives
contain glucosamine alone or in combination with chondroitin sulfate. No
studies have been done comparing the combination product with the indi-
vidual components. With all oral joint protectants, care should be taken
when selecting a product. Most of these agents are classified as nutraceuti-
cals and are not regulated by the US Food and Drug Administration. As
such, there is no requirement to specify efficacy or safety of a compound
even though claims can be made on structure or function [158]. Many vet-
erinary compounds are not fully tested, and there is no reporting system for
the side effects of these compounds [167]. With such lack of information, it is
hard to select among the hundreds of compounds. Many compounds do not
meet label claims, making confidence in the manufacturer important [167].
Oral bioavailability information is also critical. The veterinarian should
request information on the quality (purity), contents, consistency, and stor-
age of all products before making a recommendation. Guaranteed analysis
reports would be ideal [115]. Lower purity compounds may have safety
risks, such as protein hypersensitivity caused by the shellfish used to produce
glucosamine [158]. In unpure products, chondroitin sulfate may bind to
aggrecan and be poorly available [115]. Shark cartilage is a common source
of chondroitin sulfate but requires extensive processing [153]. Sea algae and
gelatin are proposed sources of raw GAG, but true GAGs can only be
obtained from animal sources (and some bacteria) [115]. There is no proof
that either of these sources aids in the treatment of osteoarthritis. There are
now reference texts [168] and web sites (Wwww.drtheo.com, www.quackwatch.
com) attempting to help with the decision.

Diacerein

Recent work suggests that a novel NSAID, diacerein, and its active
metabolite rhein may act as disease-modifying agents of osteoarthritis
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because of structural benefits of the drug. Properties include modulation of
inflammation and mediation of cartilage and subchondral bone responses in
osteoarthritis [169—171]. Clinical use found that diacerein was able to mod-
ify progressive joint space narrowing in patients with hip osteoarthritis and
was well tolerated, even in older patients and in those with renal or hepatic
disease [172,173].

Cartilage repair or replacement: arthroplasty

The repair response of cartilage is inadequate for equine weight bearing,
even for small defects. Extensive efforts have been directed to surgical en-
hancement of the healing of full-thickness defects. Many techniques improve
the quality and attachment of fibrous tissue, but none have resulted in
persistent hyaline cartilage [174-176]. Mosaic arthroplasty and other forms
of fresh osteochondral autografts show promise, but difficulties arise in
donor site selection in terms of cartilage thickness and physical properties
[175]. Even more promising areas include chondrocyte transplantation,
growth factor application, and gene therapy (eg, interleukin-1 receptor
antagonist protein) [176,177].

Performance animals

Many horses continue to perform despite osteoarthritis. The added
expense of joint protectants is often recommended to maximize performance
and longevity. Combination therapy using agents from different categories
may provide the best results with minimal toxicity and may be mandatory
if drug restrictions are a concern. Additional attention to the rest of the
horse is also warranted. When in pain, animals may not move appropriately
or may try to protect one area at the expense of another. Horses with hind
limb pain often have back and croup muscle soreness, whereas those with
forelimb problems often have neck, shoulder, and bicipital muscle pain.
Massage, heat, and acupuncture may help with sore muscles, as can stretch-
ing activities and prolonged warm-up periods [32,178]. Analgesics should be
used as needed to minimize muscle soreness. Lunging, tight ring work, and
repetitious exercises should be avoided. For experienced horses and riders,
keeping the animal fit and relaxed may be more important than practicing
drills outside of the show ring.

Breeding animals

In animals being used only for breeding, analgesia is the primary goal.
Chondroprotective agents may not be cost-effective. Additionally, most
drugs have not been tested in pregnant animals, and many can have poten-
tial adverse effects on the fetus and neonate.
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Teratogenic effects are most common in the first trimester. Chemothera-
peutic drugs should be avoided in the first trimester and may have effects on
stallion performance [179]. Tetracyclines should not be given during preg-
nancy because of bone-related effects [180]. Phenylbutazone does cross the
placenta, and the drug half-life is longer in neonatal foals than in adults
[181]. Young foals may be more sensitive to the toxic effects of phenylbuta-
zone, and foals have been born with gastric ulceration and renal failure
apparently acquired in utero [182,183]. Conversely, only low amounts of
phenylbutazone are detected in milk from treated mares [183]. In early ges-
tation, NSAIDs have been reported to cause fetal malformations in other
species [184]. In late gestation, use of NSAIDS may lead to premature
ductus arteriosus closure and premature labor [184].

Summary

Many compounds are being investigated for the control of symptoms of
osteoarthritis in people and animals. Ideally, treatment should include anal-
gesia, inflammation control, and chondroprotection. With further progress
in this area, combination therapies tailored to the needs of the individual
animal should enable us to maximize efficacy and minimize side effects. Only
a few of the newer therapies and pharmaceutic agents have been investigated
in the horse, however. With more rigorous investigation, they may be deter-
mined to be ineffective or unsafe. Meanwhile, as much information should
be gathered from manufacturers as possible so as to ensure that appropriate
recommendations are made.
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