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INTRODUC TION

Intrasynovial corticosteroid therapy is commonly used in the treat-
ment of joint disease in horses. Anecdotal evidence has linked its appli-
cation with the development of laminitis in some cases (Rendle, 2019).

This systematic review aims to gather and evaluate the level of 
published evidence regarding the incidence of laminitis following in-
trasynovial corticosteroids use.

MATERIAL S AND METHODS

A systematic search on PubMed, CAB Direct (CAB) and Web of 
Science (WoS) databases was conducted in February 2022. Terms 
included in each search strategy are described in Table 1.

Articles were selected if they had the full text available, were 
published in English and described the effects of intrasynovial use 
of corticosteroids and their relationship with the development of 
laminitis. Corticosteroids included were methylprednisolone acetate 
(MPA), betamethasone, triamcinolone acetonide (TA), dexametha-
sone (DEX) and isoflupredone. Articles including several different 
routes of administration for corticosteroids were selected if they 
specified the use of intrasynovial injections and provided the rele-
vant information.

Study designs included were in vivo experimental studies with 
horses, case series, retrospective or prospective observational 
(cohort) studies (with or without a control group) and randomised 
clinical trials. Other study designs not mentioned above were 
not included. Articles were excluded if they were not relevant to 
the question of this review; investigated only the systemic use of 
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corticosteroids and their effects on laminitis development; or did 
not employ the corticosteroids described above.

GZ and PKAT were responsible for the creation of the search 
strategies and screened all titles and the preferred abstracts/arti-
cles, applying inclusion/exclusion criteria for the selection of the 
pieces. If any disagreement arose, RYAB was consulted and after 
arguments were presented, a discussion was followed, and a final 
decision was made.

All included articles were assessed through the methodological 
index for non- randomised studies (MINORS) tool for risk of bias clas-
sification (Slim et al., 2003). For each topic of this tool, a score was 
attributed (2 = reported and appropriate; 1 = reported and unappro-
priated; 0 = not reported/unclear) and a sum of all topics was made. 
For non- comparative studies, final scores of 13– 16 were considered 
of low risk of bias and scores of 12 or less, classified as high risk of 
bias. Comparative studies were classified as low risk of bias if scores 
were 19– 24, while high risk of bias was defined for studies with of 
scores 18 or less (Ajrawat et al., 2019; Slim et al., 2003).

RESULTS

Two- hundred and thirty- seven articles were identified from the 
systematic search conducted in the three databases. After screen-
ing of titles, 75 articles were selected. Removal of duplicates was 
performed followed by the access of abstracts. After application of 
inclusion/exclusion criteria, seven articles were fully accessed for 
further examination. Three of these were excluded as they were ob-
serving the effects of systemic corticosteroid therapy only. Finally, 
four articles met the selection criteria for inclusion in this systematic 
review.

All of the included papers were observational studies. A retro-
spective observational (cohort) design was employed in two articles 
(Haseler et al., 2020; Welsh et al., 2016), and Potter et al. (2019) per-
formed one study as a retrospective cohort and one as a prospective 
investigation. One article was designed as a case series (McCluskey 
& Kavenagh, 2004).

After applying the MINORs tool, three studies were classified as 
high risk of bias (McCluskey & Kavenagh, 2004; Potter et al., 2019; 

Welsh et al., 2016), while one was classified as low risk of bias 
(Haseler et al., 2020; Figure 1). This was mainly due to their retro-
spective design, unavailable or unclear information about possible 
concurrent risk factors of horses included in the studies or unclear 
description of the employed follow- up time or loss to follow- up. Bias 
from questionable accuracy of data due to the retrospective nature 
of studies, weakness due to lack of control groups (McCluskey & 
Kavenagh, 2004; Welsh et al., 2016; and study 2 of Potter et al., 2019) 
and lack of information about the dose of corticosteroids (Welsh 
et al., 2016) or follow- up time (McCluskey & Kavenagh, 2004; Welsh 
et al., 2016) were also identified.

Only one article investigated the relationship between the inci-
dence of laminitis with corticosteroid therapy administered via the 
intrasynovial route alone (Haseler et al., 2020). The other three stud-
ies encompassed several different routes of the administration of 
the therapy but also provided enough information regarding intrasy-
novial routes to allow their inclusion (McCluskey & Kavenagh, 2004; 
Potter et al., 2019; Welsh et al., 2016). Data extracted from the ar-
ticles regarding population, follow- up, employed corticosteroid and 
dose, the incidence of laminitis and concurrent risk factors are avail-
able in Table 2.

Included articles showed low incidence of laminitis following 
intrasynovial corticoid application. In a series of 205 cases treated 
with TA, McCluskey and Kavenagh (2004) reported an incidence 

Clinical relevance

• Current scientific information, at high risk of bias, suggests 
intrasynovial corticosteroids are not associated with lami-
nitis in horses without concurrent risk factors (metabolic 
or endocrine disease, obesity and history of laminitis). 
[Correction added on 23 Jan 2023 after first online publi-
cation: In the preceding sentence, changes have been made 
to the article content to improve clarity in this version.]

• No safe dose or corticosteroid type was identified in the 
literature.

• Further higher levels of evidence studies are needed.

TA B L E  1  Search strategy employed in each database

Database Search strategy

PubMed (“Glucocorticoids”[Mesh] OR “corticosteroids”[tw] OR “Glucocorticoids” [Pharmacological Action] OR 
“Prednisolone”[Mesh] OR “prednisolone”[tw] OR “methylprednisolone”[Mesh] OR “Methylprednisolone”[tw] 
OR “Triamcinolone”[Mesh] OR “triamcinolone”[tw] OR “Betamethasone”[Mesh] OR “betamethasone”[tw] OR 
“Dexamethasone”[Mesh] OR “dexamethasone”[tw]) AND (“horses”[mesh] OR “horses”[tw] OR “equine”[tw] OR 
“foal”[tw] OR “mare”[tw] OR “gelding”[tw] OR “stallion”[tw] OR “yearling”[tw]) AND (“laminitis” OR “Laminitis”)

CAB (“Glucocorticoids” OR “corticosteroids” OR “Glucocorticoids” OR “Synthetic glucocorticoids” OR “Prednisolone” OR 
“prednisolone” OR “methylprednisolone” OR “Methylprednisolone” OR “Triamcinolone” OR “triamcinolone” OR 
“Betamethasone” OR “betamethasone” OR “Dexamethasone” OR “dexamethasone”) AND (“horses” OR “Horses” OR 
“equine” OR “foal” OR “mare” OR “gelding” OR “stallion” OR “yearling”) AND (“laminitis” OR “Laminitis”)

WoS (“Glucocorticoids” OR “corticosteroids” OR “prednisolone” OR “methylprednisolone” OR “Methylprednisolone” OR 
“triamcinolone” OR “betamethasone” OR “dexamethasone”) AND (“horses” OR “equine” OR “foal” OR “mare” OR 
“gelding” OR “stallion” OR “yearling”) AND (“laminitis” OR “Laminitis”)
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of laminitis of 0.5% (follow- up not clear)— which represented one 
case of a horse with history of laminitis (episode 7 months before 
the TA treatment). In the study of Welsh et al. (2016), electronic 
medical records (EMR) from seven different equine practices in 
the UK were evaluated and the authors reported that 3.1% of 
horses treated with TA, 3.6% treated with MPA, and 4.1% treated 
with DEX were identified with laminitis in the EMR— but routes of 
administration, time between corticosteroids application and lam-
initis development, corticosteroids' doses and concurrent risk fac-
tors were not described. Nevertheless, the authors did not find an 
association between the administration of any corticosteroids— at 
any route— with the first episode of laminitis (Welsh et al., 2016). 
Potter et al. (2019) reported a retrospective controlled and a pro-
spective uncontrolled study with incidences of laminitis in 1% and 
0.6%, respectively, of horses treated with corticosteroids. In their 
prospective study, the length of time between the corticosteroid 
application and the laminitis development was not clear, but in 
their retrospective study, a follow- up of 14 days after corticoid 
treatment was defined. In this study, controls presented same in-
cidence of laminitis as treated horses. This was also a feature in 
the study of Haseler et al. (2020) where incidence of laminitis in 
the control and in the corticosteroid- treated groups was the same 
in a 4- month follow- up period (0.31% –  3/966). In this study, two 
horses in control group and one in the treated group had concur-
rent risk factors.

DISCUSSION

Intrasynovial corticosteroid therapy is commonly employed in the 
equine orthopaedic clinical practice (Cornelisse & Robinson, 2013). 
The concern of laminitis developing as a complication following 
corticosteroid therapy exists among veterinarians even though 
no mechanism has been proven to directly link exogenous intra-
synovial corticosteroids with subsequent laminitis (Bailey, 2010; 
Knowles, 2018).

We have identified that there is very little quality data published 
regarding the incidence of laminitis in horses treated with intrasyno-
vial corticosteroids. Overall, the reported incidence of laminitis fol-
lowing corticosteroid therapy in the included articles was usually low 
(0.31– 1%). One study reported an incidence of laminitis of 3.1%– 4.1% 
following administration of corticosteroids, usually employed by the 
intrasynovial routes (TA, MPA and DEX) (Welsh et al., 2016). However, 
the authors did not provide information about other risk factors that 
could have increased the risk of laminitis in horses included in this 
study. In the studies reporting lower incidences, the horses that de-
veloped laminitis usually had a history of previous episodes of lamini-
tis or other medical conditions (such as endocrinopathies) suggesting 
that in healthy horses, free of risk factors, these numbers would be 
even lower, as suggested by other authors (McGowan et al., 2016).

The follow- up period in which laminitis was developed after 
the corticosteroid application should also be considered crucial, as 

F I G U R E  1  Risk of bias of included studies assessed through the methodological index for non- randomised studies tool. For each topic of 
this tool, a score was attributed (2 = reported and appropriate; 1 = reported and unappropriated; 0 = not reported/unclear) and a sum of all 
topics was made. For non- comparative studies, final scores of 13– 16 were considered of low risk of bias and scores of 12 or less, classified as 
high risk of bias. Comparative studies were classified as low risk of bias if scores were 19– 24, while high risk of bias was defined for studies 
with of scores 18 or less.
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if too long has past, the laminitis development could mistakenly be 
attributed to the treatment. Despite this, the period for laminitis di-
agnosis after corticosteroid injection was not clear in many included 
articles. As for the ones including such information, great variation 
in the considered period was found (14 days to 4 months; Haseler 
et al., 2020; Potter et al., 2019).

The two articles that included control groups found a similar inci-
dence of laminitis in both corticosteroid- treated and corticosteroid- 
untreated horses, suggesting that the development of laminitis in 
the treated group may have been unrelated to corticosteroid ther-
apy (Haseler et al., 2020; Potter et al., 2019).

Doses of corticosteroids employed were reported in three ar-
ticles, of which two used doses within the therapeutic range for 
horses while one employed higher doses (up to 80 mg of triamcin-
olone) per treatment (McCluskey & Kavenagh, 2004). Despite this 
difference, the incidence of laminitis in these articles was similarly 
low. It is important to highlight that included articles were mainly 
clinical studies which may reflect the usual caution employed by 
clinicians regarding certain characteristics presented by horses 
(e.g. obesity). In addition, no "safe" doses regarding avoidance of 
laminitis development were identified in the literature, so cautious 
use of corticosteroids is recommended in cases at risk (Cornelisse 
& Robinson, 2013). Dutton (2007) reported a legal case where a 
horse was injected with 80 mg of triamcinolone in each hock plus 
20 mg of dexamethasone in the back. In court, it was concluded 
the case developed laminitis due to the corticosteroid over-
dose and the clinician was held responsible for the death of the 
horse. Despite the dosage being considered an important issue, 
one study did not provide information about the employed doses 
(Welsh et al., 2016).

Risk of bias in three out of the four articles included in this 
review was high. As most of them were retrospective studies, bias 
regarding the accuracy of records may arise (Haseler et al., 2020; 
McCluskey & Kavenagh, 2004; Welsh et al., 2016; and study 1 
of Potter et al., 2019). In addition, some studies did not include a 
control group (McCluskey & Kavenagh, 2004; Welsh et al., 2016; 
and study 2 of Potter et al., 2019) and one of them was not able 
to include doses and period of corticosteroid use due to incom-
pleteness of records (Welsh et al., 2016), information that could 
affect the results. Furthermore, two of the four articles included 
were not clear about the follow- up period of horses included in 
their studies.

Reviews reporting findings regarding incidence of lamini-
tis following corticosteroid therapy, usually via systemic routes, 
have previously been published (Cornelisse & Robinson, 2013; 
Knowles, 2019; Rendle, 2019) although this is the first systematic 
review of literature relating to the subject. We found that, in the 
absence of any overt underlying metabolic or endocrine disease, 
obesity or history of laminitis, current scientific evidence does not 
support an association between intrasynovial corticosteroid injec-
tion and subsequent laminitis. Our findings also highlight the lack of 
high- quality evidence level regarding this topic, despite the contro-
versy of opinions found among vets.

AUTHOR CONTRIBUTIONS
All authors have contributed to the study design, study execution, 
data analysis and interpretation, manuscript preparation and have 
reviewed and approved the final version.

ACKNO WLE DG E MENTS
We also would like to thank the Texas A&M University library ser-
vices for their assistance during the creation of searching terms and 
data acquisition.

CONFLIC T OF INTERE S T
No conflicts of interest have been declared.

E THIC S S TATEMENT
Systematic review of the literature. No ethical review or approval 
from local or national bodies was needed.

ORCID
Paula Keiko Anadão Tokawa  https://orcid.
org/0000-0002-9767-6423 
Raquel Yvonne Arantes Baccarin  https://orcid.
org/0000-0001-9730-0840 
Gustavo Zanotto  https://orcid.org/0000-0001-8498-5246 

R E FE R E N C E S
Ajrawat, P., Dwyer, T. & Chahal, J. (2019) Autologous interleukin 1 re-

ceptor antagonist blood- derived products for knee osteoarthritis: a 
systematic review. Arthroscopy, 35(7), 2211– 2221. Available from: 
https://doi.org/10.1016/j.arthro.2018.12.035

Bailey, S.R. (2010) Corticosteroid- associated laminitis. The Veterinary 
Clinics of North America. Equine Practice, 26(2), 277– 285. Available 
from: https://doi.org/10.1016/j.cveq.2010.04.001

Cornelisse, C.J. & Robinson, N.E. (2013) Glucocorticoid therapy and the 
risk of equine laminitis. Equine Veterinary Education, 25(1), 39– 46. 
Available from: https://doi.org/10.1111/j.2042- 3292.2011.00320.x

Dutton, H. (2007) The corticosteroid laminitis story: 1. Duty of care. 
Equine Veterinary Journal, 39(1), 5– 6. Available from: https://doi.
org/10.2746/04251 6407x 166792

Haseler, C.J., Jarvis, G.E. & McGovern, K.F. (2020) Intrasynovial triamcin-
olone treatment is not associated with incidence of acute laminitis. 
Equine Veterinary Journal, 53(5), 895– 901. Available from: https://
doi.org/10.1111/evj.13361

Knowles, E. (2018) Glucocorticoids and laminitis: a real risk? UK- Vet 
Equine., 2(5), 140– 144. Available from: https://doi.org/10.12968/ 
ukve.2018.2.5.140

Knowles, E.J. (2019) What is the risk that corticosteroid treatment 
will cause laminitis? Equine Veterinary Education, 31(8), 447– 448. 
Available from: https://doi.org/10.1111/eve.12901

McCluskey, M.J. & Kavenagh, P.B. (2004) Clinical use of triamcino-
lone acetonide in the horse (205 cases) and the incidence of 
glucocorticoid- induced laminitis associated with its use. Equine 
Veterinary Education, 16(2), 86– 89. Available from: https://doi.
org/10.1111/j.2042- 3292.2004.tb002 72.x

McGowan, C., Cooper, D. & Ireland, J. (2016) No evidence that therapeu-
tic systemic glucocorticoid administration is associated with lamini-
tis in adult horses without underlying endocrine or severe systemic 
disease. Veterinary Evidence, 1(1), 1– 14.

Potter, K., Stevens, K. & Menzies- Gow, N. (2019) Prevalence of and risk 
factors for acute laminitis in horses treated with corticosteroids. 

 20423292, 2023, 5, D
ow

nloaded from
 https://beva.onlinelibrary.w

iley.com
/doi/10.1111/eve.13757 by T

exas A
&

M
 U

niversity L
ibrary, W

iley O
nline L

ibrary on [25/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-9767-6423
https://orcid.org/0000-0002-9767-6423
https://orcid.org/0000-0002-9767-6423
https://orcid.org/0000-0001-9730-0840
https://orcid.org/0000-0001-9730-0840
https://orcid.org/0000-0001-9730-0840
https://orcid.org/0000-0001-8498-5246
https://orcid.org/0000-0001-8498-5246
https://doi.org/10.1016/j.arthro.2018.12.035
https://doi.org/10.1016/j.cveq.2010.04.001
https://doi.org/10.1111/j.2042-3292.2011.00320.x
https://doi.org/10.2746/042516407x166792
https://doi.org/10.2746/042516407x166792
https://doi.org/10.1111/evj.13361
https://doi.org/10.1111/evj.13361
https://doi.org/10.12968/ukve.2018.2.5.140
https://doi.org/10.12968/ukve.2018.2.5.140
https://doi.org/10.1111/eve.12901
https://doi.org/10.1111/j.2042-3292.2004.tb00272.x
https://doi.org/10.1111/j.2042-3292.2004.tb00272.x


270  |    TOKAWA et al.

The Veterinary Record, 185(3), 82. Available from: https://doi.
org/10.1136/vr.105378

Rendle, D. (2019) Steroids and laminitis- the value of evidence over anec-
dote. The Veterinary Record, 185(3), 79– 81. Available from: https://
doi.org/10.1136/vr.l4730

Slim, K., Nini, E., Forestier, D., Kwiatkowski, F., Panis, Y. & Chipponi, 
J. (2003) Methodological index for non- randomized studies 
(MINORS): development and validation of a new instrument. ANZ 
Journal of Surgery, 73(9), 712– 716. Available from: https://doi.
org/10.1046/j.1445- 2197.2003.02748.x

Welsh, C.E., Duz, M., Parkin, T.D. & Marshall, J.F. (2016) Disease and 
pharmacologic risk factors for first and subsequent episodes of 
equine laminitis: a cohort study of free- text electronic medical re-
cords. Preventive Veterinary Medicine, 136, 11– 18. Available from: 
https://doi.org/10.1016/j.preve tmed.2016.11.012

How to cite this article: Tokawa, P.K.A., Baccarin, R.Y.A. & 
Zanotto, G. (2023) Systematic review of the association 
between intrasynovial corticosteroid use and laminitis— 
What is the evidence?. Equine Veterinary Education, 35, 
265– 270. Available from: https://doi.org/10.1111/eve.13757

 20423292, 2023, 5, D
ow

nloaded from
 https://beva.onlinelibrary.w

iley.com
/doi/10.1111/eve.13757 by T

exas A
&

M
 U

niversity L
ibrary, W

iley O
nline L

ibrary on [25/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1136/vr.105378
https://doi.org/10.1136/vr.105378
https://doi.org/10.1136/vr.l4730
https://doi.org/10.1136/vr.l4730
https://doi.org/10.1046/j.1445-2197.2003.02748.x
https://doi.org/10.1046/j.1445-2197.2003.02748.x
https://doi.org/10.1016/j.prevetmed.2016.11.012
https://doi.org/10.1111/eve.13757

	Systematic review of the association between intrasynovial corticosteroid use and laminitis—What is the evidence?
	Summary
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	ETHICS STATEMENT
	REFERENCES


