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MYTH: There is a definitive risk of chondrotoxicity from intra-articular corticosteroid injections.

FACT: While in vitro and in vivo studies suggest potential chondrotoxic effects associated with intra-
articular injections that include corticosteroids, there is insufficient evidence to establish a definitive
causal relationship between intra-articular injections of only corticosteroids and clinically significant

\_ chondrotoxicity. )

ntra-articular corticosteroid injections (IACS) are commonly used for the treatment of symptomatic

osteoarthritis and painful intrinsic joint pathology. Although the association between local anesthetics and
chondrotoxicity is well established [1], less is known about the potential chondrotoxic effects of intra-articular
corticosteroids. The purpose of this FactFinder is to examine the available evidence regarding this risk.

A review of in vitro studies by Wernecke et al. [2] showed a general trend of corticosteroid chondrotoxicity
that was dose- and time-dependent, with higher doses and longer culture durations associated with increased
cartilage damage. This was demonstrated with hydrocortisone, methylprednisolone, dexamethasone,
prednisolone, betamethasone, and triamcinolone. A more recent review by Pirri et al. identified 33 papers
examining corticosteroid chondrotoxicity in vitro and in vivo and reached a conclusion similar to that of
Wernecke et al. regarding in vitro studies, but noted that triamcinolone may be the least chondrotoxic [3].
This was based on 6 in vivo studies (4 animal and 2 human) that did not demonstrate adverse effects of
triamcinolone on cartilage [4-9]. Notably, 5 of the 33 papers included in this review assessed corticosteroid
solutions combined with a local anesthetic agent. Not included in this review was a 2-year, randomized,
placebo-controlled, double-blind trial of intra-articular triamcinolone vs. saline injections (neither group
received local anesthetic) for symptomatic knee osteoarthritis in 140 patients [10], in which pre-procedure
and annual magnetic resonance imaging (MRI) scans were used to assess progression of osteoarthrosis.

This study found greater cartilage loss in the triamcinolone group than in the saline group (between-group
difference of -0.11 mm; 95% Cl, -0.20 to -0.03 mm). However, the groups did not differ significantly in
progression of cartilage denudation, bone marrow lesions, trabecular morphology, or effusion volume. The
clinical significance of the relatively small change in cartilage thickness between groups is uncertain, as there
were no significant between-group differences in knee pain, function, or the incidence of osteonecrosis or
subchondral randomized, double-blind, placebo-controlled trial (n=68) included in the review by Pirri et al.
found no difference between groups on standardized radiographs at 1- and 2-year follow-up. This may reflect
MRI's greater sensitivity in detecting small changes in cartilage loss than plain radiographs, which detect only
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joint space narrowing secondary to cartilage loss, as well as the smaller study's inadequate power to detect a
significant between-group difference [9].

A 2024 double-blind, placebo-controlled trial compared baseline and follow-up MRI'in 120 human knees
with mild or moderate knee osteoarthrosis (Kellgren-Lawrence grade 1-3), which received either 1 mL of
triamcinolone (concentration not specified), 6 mL of hyaluronic acid (Suplasyn), or 3 mL of platelet-rich plasma
(PRP). The placebo group received 1 mL of iopamidol contrast only. MRIs were obtained just before the
intra-articular knee injection and at 3 and 12 months post-injection. Morphological parameters of cartilage
degeneration did not change significantly at 3 and 12 months across all groups [11].

A particularly relevant measure of the clinical significance of chondrotoxicity is time to joint replacement.
Latourte et al. [12] assessed the association between intra-articular knee joint corticosteroid injections and the
5-year risk of incident total knee replacement (TKR) or radiographic worsening in 564 patients from the French
Knee and Hip Osteoarthritis Long-term Assessment cohort, which included a population-based cohort of 878
patients with symptomatic knee and/or hip osteoarthritis. They found that, compared with untreated knees, intra-
articular knee joint corticosteroid injections were associated with a similar risk of incident TKR and radiographic
worsening. The mean +/- standard deviation of reported corticosteroid injections during the 5-year follow-up
period was 1.9 +/- 1.4. Limitations of this study include the relatively small number of patients who received
corticosteroid injections (n=51), the absence of data on the type and dosage of corticosteroids used, and
whether patients also received intra-articular local anesthetics.

Rapidly Progressive Osteoarthritis and Osteonecrosis

Although rapidly progressive osteoarthritis (RPOA) and osteonecrosis can occur in individuals with no history
of intra-articular steroid injections, there is a concern that intra-articular steroid injections increase the risk of
developing these conditions. RPOA and osteonecrosis are secondary conditions of particular concern, as
these conditions can be associated with significant morbidity and necessitate the need for a joint arthroplasty.
The use of the term RPOA within the literature is variable; however, two forms of RPOA have been described.
RPOA Type 1, also known as accelerated osteoarthritis progression, refers to rapid loss of joint space beyond
the expected rate, which some authors define as more than 2 mm of joint space loss within a 12-month period
[13]. RPOA Type 2, also known as rapid joint destruction, includes bone loss and structural collapse atypical
for osteoarthritis [13]. It has been proposed that this may be precipitated by an undiagnosed subchondral
insufficiency fracture or attributed to accelerated osteonecrosis [13].

Osteonecrosis and avascular necrosis (AVN) are often used interchangeably, but the term “osteonecrosis” is
considered more appropriate, as it is now viewed as the result of disrupted bone homeostasis arising from
both vascular and nonvascular mechanisms [14].

A recent systematic review and meta-analysis by Sabatini et al. [15] looked at the incidence of rapidly
progressive osteoarthritis following intra-articular hip corticosteroid injections. They identified only 10 studies
(2 prospective, 8 retrospective) that both met their inclusion criteria and included follow-up imaging to detect
rapidly progressive osteoarthritis. Their meta-analytic estimate of RPOA was 6% (95% confidence interval of
3%-9%); however, this may be an overestimate because of the varying definitions of RPOA (with some studies
using definitions that may have represented the normal progression of osteoarthritis), and the preponderance
of retrospective studies that may inherently have selection bias or confounding by indication. This review

was also limited by including studies in which patients received a combination of corticosteroid and local
anesthetic intra-articular injections.
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Zhao et al.[16] recently performed a systematic review to assess the incidence of osteonecrosis following
intra-articular hip corticosteroid injections. They identified 14 studies that met the inclusion criteria, comprising
7 case reports, 4 retrospective case series, and 3 retrospective cohort studies. These studies reported an
incidence of osteonecrosis ranging from 0.6% to 20.4% following intra-articular hip joint corticosteroid
injections. However, the authors acknowledged that drawing conclusions from this review was difficult because
the available evidence was low quality and included no randomized controlled trials or prospective studies. It
was also noted that there was significant variability in the utilized steroids in the included studies, and not all
patients had pre-procedure imaging. The absence of pre-procedure imaging is particularly important to note,
since patients with undiagnosed osteonecrosis may have been referred for treatment of osteonecrosis-related
hip pain. Additionally, it appeared that all patients in the included studies received injections containing a
combination of corticosteroid and local anesthetic.

Assessing RPOA and osteonecrosis risk is further complicated by the condition's heterogeneity and the
varying definitions used in the literature. In reviews of both RPOA and osteonecrosis, many studies included
patients without pre-procedure MRIs, which are necessary to exclude an early subchondral insufficiency
fracture or early osteonecrosis that may not be apparent on X-ray. As a result, there is still insufficient evidence
to support a causative relationship between intra-articular steroid injections and RPOA or osteonecrosis.

Discussion

Given the potential chondrotoxicity associated with IACS, there should be shared clinical decision-making with
patients regarding the potential risks and benefits of these injections, and a discussion of alternative treatment
options. This decision-making process is particularly important when considering IACS for painful intrinsic joint
conditions other than osteoarthritis (e.g., labral tears, meniscal tears, adhesive capsulitis).

Kompel et al. also highlighted the concern of radiographically occult subchondral insufficiency fractures in
individuals being considered for IACS, as this could potentially progress to RPOA if not appropriately treated
[13]. Therefore, there should be a low threshold for considering a pre-procedure MRI for individuals with severe
pain despite minimal osteoarthrosis on radiographs, and for ordering repeat radiographs before subsequent
injections when pain or function is notably worse than the initial presenting symptoms.

If IACS are utilized, it is recommended to use the lowest effective dose as infrequently as possible. A multisociety
guideline published in 2025 [17] noted little evidence supporting one steroid over another, but identified the
lowest effective dose as 20 mg of triamcinolone or methylprednisolone for glenohumeral joint injections and
40 mg for hip and knee joint injections. No recommendations were provided on the lowest effective dose

for injections of other joints. It was also suggested that there should be a minimum interval of 2-3 weeks to 3
months between injections. However, these guidelines acknowledged that most respondents in a survey by
the American Association of Hip and Knee Surgeons preferred a 3-month minimum interval between IACS

in the same joint [18]. These recommendations do not apply to extended-release triamcinolone acetonide, a
microsphere formulation indicated for knee osteoarthritis pain. The FDA-approved label for this medication
indicates that the efficacy and safety of repeat administration have not been established, and it has not

been evaluated for the treatment of osteoarthritis pain in the shoulder and hip. The label also states that this
medication is not suitable for small joints, such as those in the hand [19].
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Conclusions

In vitro studies have demonstrated general trends indicating that corticosteroids exhibit dose- and time-
dependent chondrotoxicity.

In vivo studies have shown an association between intra-articular corticosteroid injections and

direct chondrotoxicity, rapidly progressive osteoarthritis types 1 and 2, and osteonecrosis; however,
evidence remains insufficient to establish definitive causation. The paucity of randomized controlled

trials and prospective studies, the limited number of studies that include pre-injection MRI to exclude
radiographically occult insufficiency fractures and osteonecrosis, and, perhaps most importantly, the
frequent inclusion of patients who received combined corticosteroid and local anesthetic injections (local
anesthetics also carry a risk of chondrotoxicity) all contribute to the inability to establish causation.
Excluding cases of RPOA and osteonecrosis, any potential direct corticosteroid-associated chondrotoxicity
does not appear to be clearly associated with worse clinical outcomes.

There should be a low threshold for considering a pre-procedure MRI for individuals with severe pain
despite minimal osteoarthrosis on radiographs, and for ordering repeat radiographs before subsequent
injections when pain or function is notably worse than the initial presenting symptoms. This could help

to screen for individuals with radiographically occult insufficiency fractures and osteonecrosis, and those
developing rapidly progressive osteoarthritis.

Given the potential for chondrotoxicity, if intra-articular corticosteroid injections are utilized, the lowest
effective dose (as infrequently as possible) is recommended. Suggested doses are 20 mg of triamcinolone
or methylprednisolone for glenohumeral joint injections, and 40 mg for the hip and knee joint injections.
Clinical practice guidelines suggest a minimum interval of 2-3 weeks to 3 months between injections, but
most respondents in a survey by the American Association of Hip and Knee Surgeons preferred a 3-month
minimum interval between IACS in the same joint.

References
1.

Saffarian M, Holder EK, Mattie R, Smith CC, Christolias G, Patel J, McCormick ZL; Spine Intervention Society's Patient Safety
Committee. FactFinders for patient safety: Preventing local anesthetic-related complications: Local anesthetic chondrotoxicity and
stellate ganglion blocks. Interv Pain Med. 2023 Oct 27;2(4):100282. doi: 10.1016/j.inpm.2023.100282. PMID: 39239227; PMCID:
PMC11372873.

Wernecke C, Braun HJ, Dragoo JL. The effect of intra-articular corticosteroids on articular cartilage: a systematic review. Orthop J
Sports Med. 2015;3(5):2325967115581163. doi:10.1177/2325967115581163. PMID: 26674652.

Pirri C, Sorbino A, Manocchio N, et al. Chondrotoxicity of intra-articular injection treatment: a scoping review. Int J Mol Sci.
2024;25(13):7010. doi:10.3390/ijms25137010. PMID: 39000119.

Frisbie DD, Kawcak CE, Trotter GW, et al. Effects of triamcinolone acetonide on an in vivo equine osteochondral fragment exercise
model. Equine Vet J. 1997;29(5):349-359. doi:10.1111/j.2042-3306.1997.tb03138.x. PMID: 9306060.

Pelletier JP, Martel-Pelletier J. Protective effects of corticosteroids on cartilage lesions and osteophyte formation in the Pond-Nuki
dog model of osteoarthritis. Arthritis Rheum. 1989;32(2):181-193. doi:10.1002/anr.1780320211. PMID: 2920053.

Bolt DM, Ishihara A, Weisbrode SE, et al. Effects of triamcinolone acetonide, sodium hyaluronate, amikacin sulfate, and
mepivacaine hydrochloride, alone and in combination, on morphology and matrix composition of lipopolysaccharide-challenged
and unchallenged equine articular cartilage explants. Am J Vet Res. 2008;69(7):861-867. doi:10.2460/ajvr.69.7.861. PMID:
18593235.

Williams JM, Brandt KD. Triamcinolone hexacetonide protects against fibrillation and osteophyte formation following chemically
induced articular cartilage damage. Arthritis Rheum. 1985;28(11):1267-1274. doi:10.1002/art.1780281111. PMID: 4063001.
Huppertz HI, Tschammler A, Horwitz AE, et al. Intraarticular corticosteroids for chronic arthritis in children: efficacy and effects on
cartilage and growth. J Pediatr. 1995;127(2):317-321. doi:10.1016/50022-3476(95)70320-9. PMID: 7636665.

Raynauld JP, Buckland-Wright C, Ward R, et al. Safety and efficacy of long-term intraarticular steroid injections in osteoarthritis

of the knee: a randomized, double-blind, placebo-controlled trial. Arthritis Rheum. 2003;48(2):370-377. doi:10.1002/art.10777.
PMID: 12571845.

. McAlindon TE, LaValley MP, Harvey WF, et al. Effect of intra-articular triamcinolone vs saline on knee cartilage volume and pain in

patients with knee osteoarthritis: a randomized clinical trial. JAMA. 2017;317(19):1967-1975. doi:10.1001/jama.2017.5283. PMID:
28510679.

IPSIS OCTOBER 2026

§ IPSISMED.ORG/FACTFINDERS
7 ©2026 INTERNATIONAL PAIN AND SPINE INTERVENTION SOCIETY. ALL RIGHTS RESERVED.


http://www.IPSISmed.org/page/FactFinders

THE POTENTIAL RISKS OF CHONDROTOXICITY FROM INTRA-ARTICULAR INTERNATIONAL PAIN AND SPINE INTERVENTION SOCIETY
CORTICOSTEROID INJECTIONS FACTFINDERS FOR PATIENT SAFETY

11

12.

13.

14.

15.

16.

17.

18.

19.

. Tschopp M, Pfirrmann CWA, Brunner F, et al. Morphological and quantitative parametric MRI follow-up of cartilage changes before

and after intra-articular injection therapy in patients with mild to moderate knee osteoarthritis: a randomized, placebo-controlled
trial. Invest Radiol. 2024;59(9):646-655. doi:10.1097/RLI.0000000000001067. PMID: 38421679.

Latourte A, Pelletier JP, Martel-Pelletier J, et al. Do glucocorticoid injections increase the risk of knee osteoarthritis progression over
5 years? Arthritis Rheumatol. 2022;74(8):1343-1351. doi:10.1002/art.42129. PMID: 35349899.

Kompel AJ, Roemer FW, Murakami AM, et al. Intra-articular corticosteroid injections in the hip and knee: perhaps not as safe as we
thought? Radiology. 2019;293(3):656-663. doi:10.1148/radiol.2019190341. PMID: 31617798.

Cheng EY, Mirzaei A, Sugano N, et al. Osteonecrosis: a more appropriate term than avascular necrosis-pathophysiologic rationale.
J Arthroplasty. 2025;40(10):2729-2736. doi:10.1016/j.arth.2025.05.064. PMID: 40436079.

Sabatini FM, Cohen-Rosenblum A, Eason TB, et al. Incidence of rapidly progressive osteoarthritis following intra-articular

hip corticosteroid injection: a systematic review and meta-analysis. Arthroplast Today. 2023;24:101242. doi:10.1016/j.
artd.2023.101242. PMID: 37941925.

Zhao G, Tieu PTM, Lameire DL, et al. Avascular necrosis or rapid destruction of the hip following hip intra-articular corticosteroid
injections: a systematic review. Int Orthop. 2025;49(1):127-134. doi:10.1007/s00264-024-06377-0. PMID: 39562358.

Benzon HT, Provenzano DA, Nagpal A, et al. Use and safety of corticosteroid injections in joints and musculoskeletal soft tissue:
guidelines from the American Society of Regional Anesthesia and Pain Medicine, the American Academy of Pain Medicine, the
American Society of Interventional Pain Physicians, the International Pain and Spine Intervention Society, and the North American
Spine Society. Reg Anesth Pain Med. 2025 Feb 26:rapm-2024-105656. doi:10.1136/rapm-2024-105656. PMID: 40015722.
Blankstein M, Lentine B, Nelms NJ. Common practices in intra-articular corticosteroid injection for the treatment of knee
osteoarthritis: a survey of the American Association of Hip and Knee Surgeons membership. J Arthroplasty. 2021;36(3):845-850.
doi:10.1016/j.arth.2020.09.022. PMID: 33616067.

Zilretta (triamcinolone acetonide extend inj uspension) [prescribing information]. Tampa (FL): Pacira
BioSciences, Inc.; 2024. Available from: ttps://zﬂrettapro.coml

IPSIS OCTOBER 2026
IPSISMED.ORG/FACTFINDERS
©2026 INTERNATIONAL PAIN AND SPINE INTERVENTION SOCIETY. ALL RIGHTS RESERVED.


http://www.IPSISmed.org/page/FactFinders
https://zilrettapro.com.



