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Summary

Intra-articular (IA) corticosteroid administration in equine athletes has gained increased
attention recently, particularly in racing. Despite widespread corticosteroid use in
equine practice for decades, there are still a lack of equine-specific studies to address
key questions related to their use. Extrapolation of best practices from human litera-
ture supports that while IA corticosteroids elicit transient symptom-modification of
osteoarthritis (OA), they can have deleterious effects on articular cartilage depend-
ing on drug selection, dose and time- indicating the lowest efficacious dose should be
used to achieve clinical benefit. While there are limited data supporting current clinical
protocols related to dose or injection frequency diminishing returns have been noted
with multiple-injection protocols. Recent studies have led to heightened awareness of
equine endocrinopathies and the sensitivity of equine patients with those disorders to
the effects of steroids, putting them at increased risk for complications such as lami-
nitis and secondary infection. These findings prompt reconsideration of long-term or
high-dose corticosteroid administration, particularly given the evolution of alternative
IA orthobiologic and immunomodulatory therapies for OA, which require further inves-
tigation and comparison for relative modification of clinical signs and disease progres-
sion. As much of the referenced literature does not permit direct comparisons across
studies, further research is needed to compare corticosteroids at equivalent body doses
and dosing intervals in horses with and without endocrinopathies. Without such stud-
ies, definitive evidence linking |A corticosteroid use to laminitis risk, subchondral bone
injury or catastrophic injury is lacking at this time. This narrative review seeks to sum-
marise the current literature available as well as gaps in knowledge on equine |IA corti-

costeroid use for the practising clinician.
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INTRODUCTION

Corticosteroids have been widely used in both human and veterinary
medicine for decades as potent anti-inflammatory agents to manage
osteoarthritis (OA). The intra-articular (IA) route of administration is fa-
voured to deliver high drug concentrations directly to the affected joint,
producing rapid and effective pain relief while minimising systemic ex-
posure and potential side effects. In equine practice, |A corticoster-
oid injections have remained a cornerstone of lameness management,
providing improvement in signs of mobility and pain, and in doing so
prolonging athletic careers (Zanotto & Frisbie, 2021). In humans, 1A
corticosteroid injections are also frequently implemented to treat joint
disease due to their accessibility, relatively low cost and demonstrated
symptomatic relief, albeit generally short-term (Guermazi et al., 2020).
These advantages have made corticosteroids an attractive and widely
utilised therapeutic option across species.

Despite these benefits, concerns have been raised over the long-
term safety and potential consequences of |IA corticosteroid use.
Experimental and clinical studies in horses and other species sug-
gest potential deleterious effects on articular cartilage depending
on the drug selected and particularly with repeated or high-dose ad-
ministration (Goodrich & Nixon, 2006; Kawcak et al., 1998; Sherman
et al., 2015; Trotter et al., 1991). Similar concerns about repeated
intra-articular corticosteroid administration have been raised in
human medicine, with current guidelines recommending cautious
use due to potential progression of structural damage within the
joint after frequent injections (AAOS, 2021; Benzon et al., 2025;
Kolasinski et al., 2019). Reported risks include chondrotoxicity,
acceleration of OA progression and potential contribution to mus-
culoskeletal injury through masking of pain or altered biomechan-
ics, although a direct causal link remains debated (Mcllwraith &
Lattermann, 2019; Whitton et al., 2014). Additionally, practitioners
are becoming more aware of the systemic metabolic risks of corti-
costeroid use, and particularly the risk of corticosteroid-associated
laminitis (Manfredi et al., 2023). These findings have led to increas-
ing caution in routine use, especially given the emergence of alter-
native therapies such as orthobiologics or viscosupplements, which
aim to provide longer-term disease modification (Mcllwraith, 2010;
Wernecke et al., 2015). Such lack of clarity underscores the impor-
tance of critically re-examining corticosteroid use within the context
of current scientific evidence.

This review aims to summarise the scientific rationale and
current clinical evidence for IA corticosteroid use in horses, pro-
viding the most recent information available related to use with
concurrent endocrinopathothies while utilising comparative
human literature to provide a broader translational perspective.
While corticosteroids remain a mainstay of equine joint therapy,
the growing body of literature on potential risks has prompted a
reconsideration of best practices, including drug selection, timing
of injection, rest period prior to exercise and combination with
other therapies. This review therefore seeks to provide an up-
dated, clinically relevant summary of the available literature for
equine practitioners, integrating insights from both human and

equine studies and offering practical considerations in response
to frequently asked questions surrounding corticosteroids (sum-

marised in Table 1).

HISTORICAL PERSPECTIVE ON
INTRA-ARTICULAR CORTICOSTEROID
ADMINISTRATION IN HUMANS AND
HORSES

History and summary of available corticosteroid
options to practitioners

The use of intra-articular corticosteroids (IACs) in people dates back
to the early 1950s, when Hollander et al. first described corticoster-
oidinjections for human rheumatoid arthritis, offering rapid symptom
relief and functional improvement (Hollander et al., 1951). In human
sports medicine today, corticosteroid injections are still widely used
to treat OA of the knee, hip, and shoulder joints, selected for their
relatively rapid onset and short-term analgesic benefits (Guermazi
et al., 2020). Systematic reviews report that triamcinolone acetonide
(TA) and methylprednisolone acetate (MPA) remain the most studied
formulations. TA is often favoured for a comparatively higher carti-
lage safety profile in experimental models, resulting in less suppres-
sion of proteoglycan synthesis and more consistent preservation of
cartilage endpoints at clinically relevant doses (Dechant et al., 2003;
Frisbie et al., 1997; Guermazi et al., 2020; Wernecke et al., 2015).
The parallel evolution of IACs across species reflects the shared
challenges of balancing short-term symptom relief with long-term
joint health.

In equine practice, corticosteroid use was adopted in the
1970s and 1980s, driven by the need to manage lameness asso-
ciated with OA in performance horses (Mcllwraith, 2010). Since
then, multiple corticosteroid preparations have been employed in
equine practice, including TA, MPA, betamethasone esters (BM),
isoflupredone acetate (IPA) and dexamethasone sodium phos-
phate (DEX) (Zanotto & Frisbie, 2021). Each corticosteroid option
varies in solubility, duration of action and chondrotoxic potential,
influencing practitioner choice depending on the joint and clin-
ical goals (Mcllwraith & Lattermann, 2019; Tokawa et al., 2025).
Among these, the use of dexamethasone as an intra-articular
therapy is relatively uncommon in equine practice. This likely re-
flects its shorter duration of action and limited evidence of pro-
longed clinical benefit compared with TA, betamethasone esters
or MPA, which remain the primary corticosteroids selected for
intra-articular administration in performance horses (Mcllwraith &
Lattermann, 2019; Zanotto & Frisbie, 2021).

Mechanism of action of corticosteroids

Corticosteroids exert their therapeutic effects primarily through
modulation of the inflammatory and immune cascades within the
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TABLE 1 Frequently asked questions (FAQ) on intra-articular corticosteroid use.

Question

Evidence-based answer (with citations)

If 1-2weeks of rest is not feasible,
what is the minimum time needed
for efficacy after injection?

What is the maximum amount of
steroid safe per horse and more
specifically how much total is safe
in one visit if injecting multiple
joints

How often can joint injections
be repeated (3-4 months vs.
6 months)?

What frequency is considered safe
when injecting an arthritic joint?

Can |A steroids be used in horses
with EMS?

Can MPA and TA be maximised at
the same time in one horse? (e.g.,
MPA in tarsal joints, TA in stifles/
distal interphalangeal joints)

Can | measure insulin
concentration pre-injection to
predict laminitis risk?

Can IA steroids be used in horses
with PPID?

Most corticosteroids exert measurable intra-articular effect within 48-72h, with maximal benefit
by 7-14 days. With short rest (e.g., 2-3days) early anti-inflammatory effects may still be seen
although duration of benefit may be reduced (Mcllwraith, 2010; Tokawa et al., 2025)

Common clinical dosing of TA is 6-12mg for large joints and 2-4 mg for small joints, 20-40mg of MPA for
a single joint or 4-6 mg of Betamethasone for a single joint. There is no known intra-articular maximum
dosage for a single visit. It is advised, if possible, to stage injections of multiple joints over 1 to 2 weeks
due to evidence suggesting systemic effects increase with higher cumulative doses; however, in instances
where horses may travel long distances for injections, it is acknowledged that this may not be feasible.

To minimise systemic risk, many clinicians based on commonly cited clinical practice try to stay under
16-20mg/visit of TA, 300 mg/visit of MPA and 18-20mg/visit of BM total per visit, particularly in

horses travelling long distances where staging injections is not feasible (Tokawa et al., 2024; Zanotto &
Frisbie, 2021)

There is not a universal interval that exists in the literature. Most guidelines recommend no more
frequently than every 3 months, with maintenance of improvement for 4-6 months post injection
depending on severity, type of steroid and workload (Kawcak et al., 1998; Mcllwraith, 2010;
Tokawa et al., 2024)

Repeated IAC injections administered at short intervals may increase the risk of cartilage damage. The best
supported guideline is less than 4 injections per year per joint, staging by more than 3months between
injections whenever possible (Trotter et al., 1991; Whitton et al., 2014; Zanotto & Frisbie, 2021). However,
‘the lowest dose at the lowest frequency' to achieve desired affects is suggested.

If possible, corticosteroids should be avoided in patients with EMS, even if the patient is currently well-
controlled. If based on a cost-benefit analysis for the individual case corticosteroids are deemed necessary,
the minimum effective dose should be selected. Additionally, restricting or eliminating grain meals for 1 to
2weeks following injection may be beneficial to reduce the risk of severe post-prandial hyperinsulinaemia
(Palmer et al., 2025)

Yes, MPA and TA can be used in different joints of the same horse if each drug is used within its indications
(Kawcak et al., 1998; Mcllwraith, 2010; Trotter et al., 1991). There is no evidence that using both in

separate joints creates added risk, but total corticosteroid load and injection frequency should still be
considered, as repeated IA corticosteroid exposure may increase cartilage injury risk (Whitton et al., 2014;
Tokawa et al., 2025)

Single time-point insulin concentrations, particularly on fasted patients, are poorly sensitive for EMS
diagnosis (Hallowell et al., 2026; Olley et al., 2019). Practitioners should use caution when evaluating insulin
concentrations prior to injection as normal values may result in a false sense of security. Where possible,
dynamic insulin testing with an oral sugar test/oral glucose test should be performed in patients suspected
of having EMS prior to pursuing corticosteroid treatment. Alternatively, measurement of insulin 1 to 2h
post-grain meal or while on pasture may provide useful information on the patient's insulin response to
current management and is likely a better screening tool than fasted samples

As stated above, corticosteroids should be avoided in patients previously diagnosed with EMS, regardless
of insulin concentration at time of injection

In patients with well-controlled PPID, the risk of using corticosteroids is likely not substantially greater
than that of a horse without PPID, although studies examining the impact of |A corticosteroids on patients
with PPID are lacking. Corticosteroids should be avoided in patients with poorly controlled PPID, and if
necessary, should be used at the minimum effective dose with close monitoring following injection for
signs of laminitis or septic arthritis

joint. Once administered intra-articularly, corticosteroids diffuse
across cell membranes and bind to cytoplasmic glucocorticoid recep-
tors. This complex translocates to the nucleus, where it alters gene
transcription by downregulating the expression of pro-inflammatory
cytokines such as interleukin-1p (IL-1p), tumour necrosis factor-a
(TNF-a) and cyclooxygenase-2 (COX-2). Concurrently, corticos-
teroids upregulate anti-inflammatory mediators, including lipoco-
rtin-1, which inhibits phospholipase A2 and reduces arachidonic
acid metabolism. These genomic effects suppress the synthesis of
prostaglandins and leukotrienes, dampening synovial inflammation

and immune activation (Guermazi et al., 2020; Mcllwraith, 2010;
Wernecke et al., 2015).

In addition to their impact on gene expression, corticosteroids
exhibit rapid non-genomic effects that contribute to early pain
relief. These include modulation of cell membrane receptors, ion
transport mechanisms and secondary messenger pathways within
synoviocytes and chondrocytes. Collectively, these local and cellular
effects result in reduced synovial effusion, diminished inflammatory
cell infiltration and improved joint comfort. However, experimental

studies suggest that excessive or repeated corticosteroid exposure
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can suppress chondrocyte metabolism, impair extracellular matrix
synthesis and alter cartilage structure. These findings are primar-
ily reported in experimental models involving repeated administra-
tion or high doses and may not directly reflect the effect of a single
clinically relevant injection (Bolt et al., 2008; Dechant et al., 2003;
Trotter et al., 1991).

Evidence for symptom/sign and disease modification

Corticosteroid injections remain one of the most effective in-
terventions to rapidly improve joint comfort in horses with OA.
Corticosteroids are not currently considered disease-modifying
due to a lack of documented ability to mitigate or prevent OA
progression, although they may reduce clinical signs, comple-
menting other management strategies to allow horses to remain
in training or competition (Tokawa et al., 2025). TA has shown
consistent efficacy in both experimental models and clinical
cases, improving lameness scores, reducing synovial inflamma-
tion and restoring short-term performance (Frisbie et al., 1997;
Mcllwraith, 2010). Historically, MPA was used in low-motion
joints such as the proximal interphalangeal, distal intertarsal
and tarsometatarsal joints (Zanotto & Frisbie, 2021). Literature
on the relative chondrotoxicity of available corticosteroids at
equivalent doses and dosing intervals across the range of doses
potentially used clinically is lacking. Trotter et al. (1991) is fre-
quently referenced with respect to reporting adverse effects
of MPA on cartilage; however, it is important to acknowledge
that a moderately high (100 mg) dose was used at a frequent
dosing interval (every 2weeks for three doses) in only four
healthy young horses, which is neither advised nor common
in clinical practice (Trotter et al., 1991). More recently, Beggan
et al. (2025) have reported chondral delamination with co-
administration of TA and gentamicin in stifle joints (Beggan
et al., 2025). These findings highlight that chondrotoxicity may
be possible across steroid classes, depending on dose, fre-
gquency and concurrent administration of antimicrobials such
as aminoglycosides which also have reported toxicity to equine
joint cells (Pezzanite et al., 2021). Current clinical guidelines at
the authors' practice preferentially integrate the use of TA in
both high and low motion joints due to its potentially favour-
able chondroprotective profile when not used with aminogly-
coside antibiotics and reliable analgesic effects (Mcllwraith &
Lattermann, 2019).

Human literature parallels these findings, with multiple ran-
domised controlled trials and meta-analyses describing significant
short-term symptom relief with IACs. Onset of alleviation of discom-
fort is often within days of injection, with reported effects waning
within 4-12weeks (Guermazi et al., 2020; Wernecke et al., 2015). In
both horses and humans, IACs do not appear to halt disease pro-
gression; rather, their value lies in dampening inflammation and mit-
igating clinical signs long enough to enable rehabilitation or prolong
athletic careers (Tokawa et al., 2025).

Evidence for deleterious effects on cartilage

A central concern with IAC use is potential chondrotoxicity. In
commonly cited equine studies, repeated moderately high-dose
(100 mg) injections of MPA into normal middle carpal joints at a
dosing interval not recommended or commonly used in practice
(three doses at 2-week intervals) resulted in decreased proteo-
glycan synthesis and structural integrity of the articular cartilage
(Murray et al., 1998; Trotter et al., 1991). Subsequent experimen-
tal and in vitro investigations have similarly demonstrated that IAC
exposure as a whole can alter chondrocyte metabolism and extra-
cellular matrix turnover, particularly with repeated dosing or high
concentrations (Bolt et al., 2008; Dechant et al., 2003; Wernecke
et al., 2015). In contrast, studies working with TA suggest model
and dose-dependent effects rather than being uniformly chon-
droprotective, with evidence for preservation of chondrocyte vi-
ability and cartilage endpoints in some models (Bolt et al., 2008;
Dechant et al., 2003; Frisbie et al., 1997). These findings may sup-
port preferential use of TA, especially in high-motion joints where
preserving cartilage integrity is critical to long-term joint health,
although further studies are needed to systematically compare
equivalent doses and total body doses in systemically healthy ver-
sus endocrinopathic horses. Equine-specific review articles have
emphasised an increased risk with repeated IAC exposure previ-
ously, with evidence suggesting that repetitive or short-interval
injections may contribute to cumulative cartilage stress and worse
long-term outcomes (Tokawa et al., 2024; Wernecke et al., 2015).
Additionally, Beggan et al. (2025) described chondral delami-
nations in equine stifle joints, particularly in younger horses,
highlighting the importance of careful case selection and consid-
eration of cumulative joint stress when performing repeated IA
treatments (Beggan et al., 2025).

Concerns regarding repeated IAC administration have also been
raised in human medicine, where repeated injections have been
associated with measurable cartilage volume loss in patients with
knee OA (Guermazi et al., 2020; McAlindon et al., 2017). A system-
atic review by Wernecke et al. (2015) highlighted conflicting results
across trials, with some studies showing no radiographic progres-
sion and others showing measurable cartilage thinning and radio-
graphic narrowing of joint space after repeated injections (Behrens
etal., 1975; McAlindon et al., 2017; Moskowitz et al., 1970; Raynauld
et al., 2003). This mirrors the concerns raised in equine literature,
underscoring the importance of dosing, timing and careful patient

selection to minimise adverse outcomes.

Evidence for pharmacodynamics and
pharmacokinetics

The clinical effect of IACs is determined not only by their direct
impactoninflammation and pain but also by their pharmacokinetics
within the joint. In horses, TA remains detectable in synovial
fluid for up to 2weeks, whereas MPA persists for longer due to
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its crystalline formulation, though with increased risk of adverse
effects (Autefage et al., 1986; Chen et al., 1992; Kay et al., 2008;
Soma et al., 2006). Pharmacokinetic studies have shown that
TA concentrations decline to undetectable levels in the joint by
15days post-injection, while methylprednisolone may remain
present for up to 39days because of its slower clearance rate
(Autefage et al., 1986; Chen et al., 1992; Kay et al., 2008; Soma
et al., 2006). TA has been shown to maintain chondrocyte and
synoviocyte viability in culture, while MPA was associated with
greater suppression of chondrocyte metabolic activity and
increased synoviotoxicity in some models (Mcllwraith, 2010;
Sherman et al., 2015; Tokawa et al., 2025).

BM, commonly administered as betamethasone sodium phos-
phate and betamethasone acetate combinations, provides an
intermediate duration of effect between TA and MPA. The dual-
salt formulation allows for both rapid onset and sustained anti-
inflammatory activity, making it a suitable option when prolonged
action is desired without the extended persistence seen with MPA
(Mcllwraith & Lattermann, 2019). DEX, in contrast, exhibits rapid
absorption and short intra-articular half-life, which may explain its
less frequent use in equine joint therapy. Despite limited equine-
specific pharmacokinetic data, DEX is thought to act primarily
through strong glucocorticoid receptor activation, offering potent
anti-inflammatory effects but little sustained joint residence time or
long-term benefit (Mcllwraith, 2010).

Collectively, the pharmacokinetic and pharmacodynamic pro-
files of these corticosteroids guide clinical decision-making in
equine practice. Drugs with longer intra-articular retention, such
as MPA, may provide extended pain relief but carry a higher risk of
adverse cartilage effects, whereas agents like TA and BM achieve a
balance between efficacy and safety. Understanding these distinc-
tions is essential for tailoring corticosteroid selection to the specific
joint, pathology and performance demands of the individual horse
(Mcllwraith, 2010; Mcllwraith & Lattermann, 2019).

In human practice, similar pharmacological differences influence
clinical decision-making. Rapidly acting corticosteroids are often
preferred for short-term relief, while depot formulations may be
reserved for joints requiring prolonged anti-inflammatory effects.
The interplay of pharmacokinetics and pharmacodynamics empha-
sises that efficacy and safety are inseparable considerations in both
equine and human joint management.

PRACTICAL CONSIDERATIONS AND
RECOMMENDATIONS FOR CLINICAL
PRACTICE

Selection of corticosteroid to minimise deleterious
effects to cartilage

Among available intra-articular corticosteroids, TA has demon-

strated reduced chondrotoxicity which has been reported in a

model and dose-dependent fashion. For example, in vitro equine
cartilage and synovial co-culture models stimulated with IL-1p
demonstrated that TA, when used at clinically relevant concentra-
tions, downregulates inflammatory and catabolic gene expression
(including IL-1p and IL-6) without causing significant chondro-
cyte death, whereas other corticosteroids may demonstrate less
favourable effects depending on dose and experimental condi-
tions (Alvarez et al., 2020; Bolt et al., 2008; Dechant et al., 2003).
Controlled experimental studies in an equine acute synovitis
model showed that intra-articular TA significantly improved lame-
ness scores, reduced synovial inflammation and normalised car-
tilage metabolism, supporting its clinical use and reputation in
equine practice (Partridge et al., 2023). BM and DEX may provide
short-term analgesia but are less frequently used due to inconsist-
ent duration of effect and greater systemic absorption. In cases
where end-stage OA and eventual ankylosis are expected, MPA
may be used in clinical practice for its longer duration of analge-
sia. This approach is based on clinician experience rather than
controlled evidence but reflects common practice management
when cartilage preservation is no longer a therapeutic priority
(Mcllwraith, 2010; Trotter et al., 1991).

Timing of administration and rest period prior to
exercise to minimise injury

The analgesic effects of intra-articular corticosteroids begin within
hours. However, corticosteroids suppress synovial inflammation
without repairing the underlying biomechanical tissue damage as-
sociated with OA, meaning that a horse returned too quickly to full
exercise may overload weakened cartilage and subchondral bone
with osseous defects or osteochondral fragmentation (Mcllwraith &
Lattermann, 2019). Rest may provide time for normalisation of syno-
vial fluid composition and resolution of mechanical irritation, which
may prolong the clinical effect. Experimental data performed in the
equine osteochondral fragment model demonstrated that mechanical
loading of an already compromised joint environment following IA TA
injection may contribute to cartilage surface changes and subchon-
dral alterations (Frisbie et al., 1997). However, direct evidence eval-
uating optimal rest duration following IAC administration in horses
remains limited. Providing a short period of rest following injection is
recommended in clinical practice to allow for resolution of synovial
inflammation and restoration of joint homeostasis, although optimal
duration has not been clearly defined. This rest not only improves
safety but also prolongs the duration of clinical sign relief, in some
cases extending clinical benefit by several additional weeks (Tokawa
et al.,, 2025). In human sports medicine, similar findings have led to
recommendations of 1-2weeks of restricted loading following IA
corticosteroid injections for knees and hips (Wernecke et al., 2015).
However, in equine practice, when longer rest periods are not feasi-
ble, a shorter recovery window of 2-3 days is sometimes implemented

to balance clinical practicality with patient welfare.
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Risk and frequency of repeated administration

The risk of negative effects increases with repeated injections.
Studies in horses show that more than three to four corticosteroid
injections per joint per year are associated with measurable de-
clines in cartilage thickness and biomechanical integrity (Guermazi
et al., 2020; Tokawa et al., 2025). Repeated synoviocentesis may
also elevate the risk of joint sepsis following repeated needle in-
troductions into the joint capsule. Systemic consequences such
as hypothalamic-pituitary-adrenal (HPA) axis suppression and, in
rare cases, corticosteroid-induced laminitis due to increased blood
insulin concentrations also present rationales to limit excessive
dosing (Boger et al., 2024; Hallowell et al., 2024; Page et al., 2024).
For these reasons, corticosteroids should be integrated into
broader management strategies rather than used as sole or long-
term therapy. Adjunctive approaches such as nutritional supple-
mentation (e.g., joint-support nutraceuticals), corrective farriery
to optimise limb biomechanics, biological or viscosupplementary
therapies to support joint homeostasis and structured condition-
ing to improve musculoskeletal support may all contribute to im-
proved long-term management of OA. Epidemiologic data from
Thoroughbred racehorses indicate that repeated intra-articular
corticosteroid administration is associated with an increased haz-
ard ratio for musculoskeletal injury, particularly when injections
are performed within short intervals before high-speed exercise
(Whitton et al., 2014). In that study, horses receiving multiple cor-
ticosteroid injections in the same joint had nearly twice the risk of
subsequent musculoskeletal injury compared with those receiving
a single treatment, although the authors noted that this likely re-
flected progression of underlying pathology rather than a direct
drug effect. Consequently, the Horse Racing Integrity and Safety
Authority (HISA) in the United States have adopted specific rules
governing the use of IAC in racehorses. Based on current HISA
regulations at the time of writing, any covered horses treated with
any IAC injection of any joint shall not be permitted to perform a
workout for 7 days following treatment or participate in a covered
horserace for 14 days following treatment (Horseracing Integrity
and Welfare Unit (HIWU), 2023). More precisely, any covered
horses treated with any IAC injection of the metacarpophalangeal
or metatarsophalangeal joint shall not be permitted to perform a
workout for 14 days following treatment or participate in a covered
horserace for 30days following treatment. Updated guidelines
from the American Association of Equine Practitioners (AAEP)
similarly recommend judicious dosing, avoidance of routine ‘main-
tenance injections’ and individualised case-based decision-making
to minimise long-term risk (AAEP, 2025).

Dosing in large vs. small joints
Intra-articular corticosteroid dosing in horses has been anecdotally

determined by joint size and biomechanical load, although definitive
invivo dose titration studies are still lacking. Commonly implemented

doses in larger joints such as the femorotibial or femoropatellar, car-
pal and metacarpophalangeal joints are typically 6-12mg of TA for
effective distribution, while clinical response in smaller joints such as
the distal interphalangeal joint has been seen using lower doses (e.g.,
2-4mg) (Frisbie et al., 1997; Mcllwraith et al., 2016). Current recom-
mendations from the authors' practice emphasise tailoring doses to
joint size rather than motion classification and using the lowest ef-
fective dose of TA to balance inflammation control with long-term
joint health (Boorman et al., 2023).

Formulation characteristics also play a role in dosing decisions.
Less soluble depot preparations such as MPA tend to remain lo-
calised within the joint, while TA may distribute more readily. As
a result, clinicians often adjust dosing based on joint size and ex-
pected distribution to achieve adequate IA coverage (Cardone &
Tallia, 2002; Frisbie et al., 1997; Mcllwraith et al., 2016). Dilution with
a balanced electrolyte solution (e.g., Lactated Ringer's) or hyaluronic
acid can also alter IA retention and clearance characteristics rather
than uniformly improving distribution, and in some cases may con-
tribute to prolonged residence time or reflux of injectate from the
joint (Machin et al., 2018). In line with findings from human sports
medicine, equine practitioners are encouraged to use ‘as much as
necessary, as little as possible’, to provide clinical relief appropriate
to the joint size, while minimising cumulative cartilage and potential
systemic risk (Guermazi et al., 2020; Wernecke et al., 2015).

Use in patients with endocrinopathies

The importance of endocrinopathies such as equine metabolic syn-
drome (EMS) and pituitary pars intermedia dysfunction (PPID) in the
management of equine athletes has been a focus of recent research,
and the presence of endocrinopathies should be considered when
choosing to pursue corticosteroid therapy. EMS is characterised by
abnormal insulin metabolism, including resting or post-prandial hy-
perinsulinaemia and tissue insulin resistance, and has been shown
to affect 23% of sport horses (Hallowell et al., 2024). PPID, a neuro-
degenerative disorder that results in loss of inhibitory dopaminergic
neurons and subsequent overproduction of pro-opiomelanocortin-
derived peptides such as adrenocorticotrophic hormone (ACTH),
can be found in 20% of horses over 15years of age (lreland &
McGowan, 2018). Consequences of ACTH overproduction in
untreated PPID horses include immunosuppression and insulin
dysregulation. Both endocrinopathies have been highlighted as pos-
sible risk factors for corticosteroid-associated laminitis (McGowan
et al., 2016), although literature demonstrating a causal relationship
is lacking.

In relation to EMS, the propensity for corticosteroids to in-
duce hyperinsulinaemia and tissue insulin resistance is of greatest
concern. TA has been the most widely studied IA corticosteroid
in this context and has been documented to cause significant in-
creases in insulin for up to 5days post-injection at a total body
dose range of 9-18 mg (Boger et al., 2024; Hallowell et al., 2024;
Page et al., 2024). No studies to date have examined the effects of
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TA in horses with confirmed EMS; however, one study has shown
that horses with elevated basal insulin concentrations (>20pulU/
mL on hay-fed sample) had a more pronounced hyperinsulinemic
response than those with normal basal insulin concentrations, with
some individuals reaching peak insulin concentrations >200pulU/
mL following IA treatment with 18 mg TA (Hallowell et al., 2024).
Studies in horses without EMS treated with 9mg or 18 mg IA TA
have found more modest peak insulin concentrations of 71 and
32ulU/mL, respectively (Boger et al., 2024; Page et al., 2024). A
single study has examined the impact of intra-articular betameth-
asone in a small number of horses with and without EMS and
found a slight increase in mean insulin concentrations following
treatment with a total body dose of 18 mg in both groups (Page,
Rauber-Ramos, et al., 2025). Post-hoc power analysis in this study
revealed it was underpowered to detect differences in insulin con-
centrations, so formal statistical analysis was not performed, and
practitioners should use caution when drawing conclusions from
these study results. The metabolic impact of MPA at a total body
dose of 80mg has been evaluated in a single study, and no signif-
icant increase in insulin was observed following treatment (Page,
McPeek, et al., 2025). However, this study utilised the low end of
the clinical dose range for MPA, and treated a small number of
young geldings free of EMS and PPID. It is extremely important
to recognise the limitations in extrapolating results from meta-
bolically normal horses into the higher-risk EMS population, and
from small populations of horses when significant individual vari-
ability in hormone response exists. Further research is needed to
determine if the findings of the above studies hold true in larger
populations of horses with confirmed EMS, and studies directly
comparing multiple corticosteroids at equivalent total body doses
are necessary to identify if a ‘metabolically safer’ treatment option
exists.

The advent of point-of-care insulin readers has increased the ac-
cessibility of insulin measurement as an immediate screening tool to
guide treatment decisions. It is important to note that single time-
point insulin concentrations, particularly those on fasted patients,
have been shown to be poorly sensitive for the diagnosis of EMS
(Olley et al., 2019). In a recent study, fasted insulin concentrations
diagnosed only 26% of horses later confirmed to have EMS based
on an oral sugar test (Hallowell et al., 2024), and therefore dynamic
insulin testing should be performed as described by the Equine
Endocrinology Group (Bertin et al., 2024) in any horse where there
is clinical concern for EMS prior to pursuing corticosteroid therapy. If
this is not feasible, then a single-time-point insulin concentration at
1-2h post-grain meal or while on pasture may be beneficial in deter-
mining risk. In patients with known EMS the fed-state insulin sample
can also be useful in determining the patient's response to current
management, but the authors caution against the use of corticoste-
roids in known EMS patients even if current insulin concentrations
indicate control of disease. If corticosteroids are administered, prac-
titioners should select the minimum effective dose at the lowest
possible frequency. Patients should be closely monitored for foot
soreness for 1-2weeks post-injection, and stopping or reducing

grain meals may be beneficial in reducing post-prandial insulin peaks
(Palmer et al., 2025).

No studies to date have examined the impact of intra-articular
corticosteroids on patients with PPID. The concerns above regard-
ing exacerbating insulin dysregulation hold true for this patient
population as well. Given that patients with uncontrolled PPID exist
in a chronic state of immunosuppression, the hypothalamic-pitu-
itary-adrenal axis suppression that occurs following corticosteroid
treatment may be of additional concern. Suppression of cortisol and
ACTH has been documented for 72-96h post-TA (Hallowell et al.,
2024; Page et al., 2024), 24-48 h post-betamethasone (Page, Rauber-
Ramos, et al., 2025), and 12-120h post-MPA (Page, Rauber-Ramos,
etal., 2025; Soma et al., 2006). Given that unregulated PPID patients
have a higher baseline risk of laminitis and infections, corticosteroids
should be avoided in this population. In patients with PPID that is
well-controlled both clinically and in terms of resting ACTH concen-
trations, it is unknown whether the risk of corticosteroid-associated
laminitis is any greater than that of a healthy horse without PPID.
Similar to patients with EMS, if corticosteroids are used in this pop-
ulation, they should be used at the minimum effective dose and fre-

quency to reduce the risk of complications.

Adjunct and combination therapies

Corticosteroid injections are used alongside adjunct therapies
to enhance efficacy and minimise risks associated with repeated
steroid exposure. Hyaluronic acid (HA) remains the most commonly
co-administered agent, potentially contributing to synovial viscosity,
lubrication and chondroprotective effects (Neuenschwander
et al., 2019). When combined with corticosteroids, HA was
historically believed to extend clinical benefit and improve lameness
outcomes. However, a multicentre clinical trial in horses found
that TA alone achieved a higher short-term success rate (87.8%)
compared with TA+HA (64.1%), suggesting that the addition of HA
may not always provide added benefit (de Grauw et al., 2016).

More recently, orthobiologic and viscosupplementary ther-
apies have gained traction for their potential to provide disease
modification. Platelet-rich plasma (PRP) delivers concentrated
growth factors, which promote extracellular matrix repair and
reduce synovial inflammation. Interleukin-1 receptor antagonist
protein (IRAP) specifically targets IL-18 and has shown clinical
benefits in both equine and human osteoarthritis management.
Mesenchymal stem cells (MSCs), derived from various sources
including bone marrow, adipose tissue or blood, exhibit immuno-
modulatory and regenerative properties in experimental and clin-
ical studies (Ardanaz et al., 2016; Kearney et al., 2022). Similarly,
autologous blood-based products such as autologous condi-
tioned serum (ACS) and autologous protein solution (APS) have
been shown to influence inflammatory signalling pathways within
equine cartilage and synovium (Alvarez et al., 2020; Usimaki
et al., 2025). However, evidence evaluating the concurrent use
of IAC and biologic therapies in horses remains limited. A recent
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study investigating the combined use of TA and PRP demonstrated
increased chondrocyte viability in vitro and enhanced short-term
clinical outcomes compared to TA treatment alone, suggesting
potential synergistic effects (Guidoni et al., 2024). However, this
represents a single study with a relatively small sample size, and
further research is required to establish the safety, efficacy and
timing of combined therapies. In general, corticosteroids sup-
press inflammatory pathways that are also involved with cellular
recruitment and activation, which could theoretically influence or
suppress the activity of biologic therapies. Anecdotally, this has
resulted in some clinicians recommending to delay biologic admin-
istration after corticosteroid use for a minimum of 2-12 weeks to
allow for full clearance from the joint; however, further studies are
necessary to fully explore the interaction of corticosteroids with
biologic therapies.

In parallel, intra-articular polyacrylamide hydrogels (iPAAGs)
(e.g., 2.5 or 4% formulations on the equine market at the time of
writing) may represent novel adjunctive options for OA. Several
recent narrative and systematic reviews have described the pro-
posed mechanisms of action and clinical use of iPAAGs (Chow et al.,
2026; Contino et al., 2026; McClure et al., 2024; Tnibar, 2025; Tnibar
et al., 2015). The most clinically relevant consideration is the com-
patibility of iPAAGs with corticosteroid administration. 2.5% iPAAG
are thought to act primarily through physical integration within the
synovial membrane resulting in biomechanical stability and reten-
tion of normal joint capsule elasticity with minimal inflammatory
response reported in histologic studies (Chow et al., 2026; Contino
et al., 2026; Christensen et al., 2016; de Clifford et al., 2019). A pilot
study did evaluate concurrent intra-articular administration of 2.5%
PAAG (Arthramid®) and betamethasone esters in healthy horses.
Each horse received 1 mL of 2.5% hydrogel and 1 mL of betametha-
sone (6mg/mL) into the metacarpophalangeal joint. Across 30days
of follow-up, no adverse effects, lameness or joint effusion were
reported, and clinical parameters remained stable or improved, indi-
cating that the combination was well tolerated and may represent a
safe adjunctive approach for managing joint inflammation (Whitaker
et al., 2025). At time of writing, no studies to date have evaluated
Noltrex® Vet (4% polyacrylamide hydrogel) in combination with cor-
ticosteroids; therefore, its use is typically reserved as a stand-alone
therapy following reduction of synovial inflammation. So, while
short-term concurrent administration appears safe, further studies
are needed before evidence-based recommendations can be made
regarding routine combination or sequencing strategies. Further re-
search is also needed and ongoing to determine if the coadministra-
tion of corticosteroids and iPAAGs alters the pharmacokinetics of
corticosteroids which would have important implications for corti-
costeroid withdrawal times.

Taken together, emerging adjunct therapies represent a para-
digm shift in the approach to OA treatment from clinical sign sup-
pression to joint preservation and potential disease modification.
While corticosteroids remain available to provide rapid symptom/
sign relief, implementing them as part of an integrated strategy with
HA, orthobiologics or iPAAGs may provide immediate relief while

reducing reliance on repeat injections as part of a long-term man-
agement strategy. Contemporary equine osteoarthritis management
emphasises a multimodal approach, which highlights the benefits of
integrating corticosteroids with biologics, as viscosupplementation,
conditioning and workload modification rather than using them as
sole long-term therapy (Goodrich & Nixon, 2006; Mcllwraith, 2010).
For practitioners, this multimodal approach reflects evolving best
practice and aligns equine sports medicine with trends seen in
human orthopaedics (Mcllwraith & Lattermann, 2019; Wernecke
etal., 2015).

CONCLUSIONS

Intra-articular corticosteroids continue to have a place in equine
OA management, providing rapid relief from joint pain and inflam-
mation. However, more recent evidence has elevated concerns re-
lated to contribution to cartilage damage, systemic sequelae and
the consequences of repeated injections, prompting reevaluation
of corticosteroid implementation in practice. Triamcinolone is fre-
quently favoured in athletic horses based on current evidence sup-
porting reduced chondrotoxicity; however, best practice across
human and equine literature emphasises that corticosteroid selec-
tion should be individualised according to joint pathology, metabolic
status, intended use and regulatory constraints, with multiple fac-
tors to consider. Use of the lowest effective dose and incorporation
of an appropriate rest period after injection may reduce the risk of
reinjury and/or extend the therapeutic window. Repeated injections
should be limited and considered within the broader context of mul-
timodal management, including nutrition, farriery, conditioning and
adjunct biologic and viscosupplementary therapies to support long-
term joint health.

Endocrinopathies should be considered and tested for in cases
where there is clinical concern prior to corticosteroid treatment,
given the risks of exacerbating hyperinsulinaemia and hypotha-
lamic-pituitary-adrenal axis suppression with IAC. Corticosteroids
should be avoided in patients with uncontrolled PPID and in those
with confirmed EMS regardless of degree of clinical control. This
individualised approach is supported by both equine and human
data, underscoring the importance of balancing short-term clinical
improvement with long-term joint preservation. Further research
is needed in larger populations of horses with and without endocr-
inopathies to directly compare multiple corticosteroids at equivalent
body doses and dosing intervals as much of the referenced literature
does not permit direct comparison between studies.

In summary, IAC may remain a valuable treatment when used
thoughtfully and in the context of other available evolving therapies
for OA. Precision in corticosteroid selection and dosing, appropriate
post-injection rest and integration with adjunctive treatments rep-
resent the foundation of modern evidence-based practice. Further
high-quality prospective clinical studies are needed to define opti-
mal dosing strategies and treatment intervals. Integration of corti-
costeroids with orthobiologics and novel biomaterials may define
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the next generation of equine joint care, bridging rapid clinical sign

control with long-term joint preservation.
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