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Background: Intra-articular (IA) corticosteroid therapy has been used for the treatment of inflammation and pain in the knee since
the 1950s.

Purpose: To review the current literature on the effects of IA corticosteroids on articular cartilage.

Study Design: Systematic review.

Methods: A MEDLINE and SCOPUS database search was performed, and studies were selected for basic science and clinical trial
research on corticosteroids with direct outcome measures of cartilage health. Preliminary searches yielded 1929 articles, and final
analysis includes 40 studies.

Results: Methylprednisolone, dexamethasone, hydrocortisone, betamethasone, prednisolone, and triamcinolone were reported to
display dose-dependent deleterious effects on cartilage morphology, histology, and viability in both in vitro and in vivo models. The
beneficial animal in vivo effects ofmethylprednisolone,hydrocortisone,and triamcinolone occurredat low doses (usually <2-3mg/dose
or 8-12 mg/cumulative total dose in vivo), at which increased cell growth and recovery from damage was observed; the single human
clinical trial indicated a beneficial effect of triamcinolone. However, at higher doses (>3 mg/dose or 18-24 mg/cumulative total dose
in vivo), corticosteroids were associated with significant gross cartilage damage and chondrocyte toxicity. Dose and time
dependency of corticosteroid chondrotoxicity was supported in the in vitro results, however, without clear dose thresholds.

Conclusion: Corticosteroids have a time- and dose-dependent effect on articular cartilage, with beneficial effects occurring at low
doses and durations and detrimental effects at high doses and durations. Clinically, beneficial effects are supported for IA
administration, but the lowest efficacious dose should be used.
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dexamethasone; hydrocortisone

Intra-articular (IA) corticosteroid therapy has been used
for the treatment of inflammation and pain in the knee
since the 1950s.5 Corticosteroid therapy has been shown
to be effective at temporarily alleviating joint symptoms
associated with osteoarthritis and other inflammatory
disorders.15 However, the long-term negative effects of
these medications on articular cartilage has remained a
concern.

The most commonly used corticosteroids for IA treat-
ment are hydrocortisone, methylprednisolone, dexametha-
sone, betamethasone, prednisolone, and triamcinolone.
They are often classified by their chemical and pharmacolo-
gic properties, including solubility and average duration.
The average IA durations of action for the most common
preparations are available in Table 1.

This review will focus on the known effects of IA cortico-
steroids on articular cartilage. Existing basic science
(human in vitro and animal in vivo studies) and human
clinical data will be summarized and discussed individually
by medication type, as generalizations about the effects of
corticosteroids as a group would not be instructive.

METHODS

This review article has been designed and reported in
accordance with the PRISMA (Preferred Reporting Items
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for Systematic Reviews and Meta-Analyses) guidelines for
reporting systematic reviews.21 A MEDLINE and SCO-
PUS database search of studies published in English was
performed in July 2014 using the following keywords:
corticosteroid, articular cartilage, chondrocytes, betamethasone,
triamcinolone, methylprednisolone, prednisolone, dexametha-
sone, and hydrocortisone. Preliminary searches yielded
1929 articles. Studies were excluded from analysis if they
were duplicate articles, used genetically or chemically
altered cell cultures, examined cartilage from an extra-
articular source, or employed chemical cartilage damage.
In vitro studies examining both healthy and osteoarthritic
human cartilage were included (osteoarthritis studies are
noted). All animal in vitro studies were excluded, and in
vivo studies were excluded if the drug was not adminis-
tered intra-articularly. Studies were also excluded if
objective assessments of the articular cartilage were not
implemented or if the medication dose was not recorded.
Review articles were examined and used for background
information. References from the included studies were
reviewed for any additional relevant sources.

The final analysis included 40 articles (Figure 1). Of
these, 1 was a clinically based study and 39 were basic sci-
ence investigations. Data, including the dosage, duration,
and method of administration; type of tissue used; animal
or human model; and effect of the drug, were reviewed.

RESULTS

Hydrocortisone

The effects of hydrocortisone on articular cartilage have
been investigated for both in vitro and in vivo models.
These studies have utilized 3 different formulations of
hydrocortisone: acetate (HCA), tert-butylacetate (HCTBA),
and sodium succinate (HCSS). All compositions have a rec-
ommended dose in humans of 25 mg and an average IA
duration of action of 6 days, but differ in solubility—HCA
and HCTBA are insoluble in water, while HCSS is freely
soluble in water.6,9,30,33

Human In Vitro Studies. A series of 2 studies by J. Wang
et al39 and L. Wang et al40 studied the effect of HCSS doses
in a 1-week culture. A dose of 0.2 mg/mL administered to

chondrocytes was associated with the accumulation of
cell-associated matrix macromolecules (especially aggre-
can), increased hyaluronan levels, and inhibition of deleter-
ious intracellular protease matrix metalloproteinase–1
(MMP-1).40 In a follow-up study, cultures treated with a
range of doses (0.05, 0.2, 1.0 mg/mL) all demonstrated
upregulation of cell-associated matrix aggrecan, type II
collagen, and fibronectin as compared with control cul-
tures.39 These findings indicate a beneficial effect of hydro-
cortisone on human chondrocyte metabolism due to
stimulation of cartilage macromolecule synthesis and inhi-
bition of degenerative enzymes.

Animal In Vivo Studies. All 5 studies examined the
administration of IA hydrocortisone injections using
healthy rabbit models. A single administration of 0.25 or
2.5 mg HCA (19% human weight) was examined, and an
initial sharp fall in protein synthesis followed by a dose-
dependent recovery to levels matching controls was found.
Furthermore, at the high dose, the contralateral (unin-
jected) knee experienced a significant fall in protein
synthesis, which may support a systemic effect of hydro-
cortisone.24 Another study, using 1 to 3 weekly HCA injec-
tions (0.167 and 1.67 mg/mL for 5% human weight), found
no gross or microscopic disruption of the cartilage, even at

In
cl

ud
ed

 
El

ig
ib

ili
ty

 

Full-text ar�cles assessed
for eligibility

(n = 104) 

Full-text ar�cles excluded,
with reasons

(n = 64) 

Studies included in
qualita�ve analysis

(n = 40) 

Records iden�fied through 
database searching 

(N = 1929) 

Id
en

�
fic

a�
on

Figure 1. PRISMA flow diagram.

TABLE 1
Corticosteroid Preparationsa

Corticosteroid Preparation Solubility (in water) Intra-articular Action Duration, d Clinical Dose, mg

Hydrocortisone Hydrocortisone acetate (HCA) Insoluble 6 25
Methylprednisolone Methylprednisolone acetate (MPA) Insoluble 7 10-30
Dexamethasone Dexamethasone sodium phosphate (DSP) Soluble 6 4

Dexamethasone (DEX) Insoluble 8 8
Betamethasone Betamethasone acetate (BMA) Insoluble 9 6
Prednisolone Prednisolone Soluble 10 10-30
Triamcinolone Triamcinolone acetonide (TA) Insoluble 14 10-40

Triamcinolone hexacetonide (THA) Insoluble 21 20

aSources: Caldwell,6 Douglas,9 Dragoo et al,10 Food and Drug Administration,12 Godwin and Dawes,15 Hameed and Ihm,16 and
Pharmacopeia.cn.30
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superpharmacologic doses, as compared with baseline or
control.3

A study of 2 to 10 weekly 25-mg injections of HCTBA
(33% human weight) reported dose-dependent morpho-
logical lesions in the articular cartilage.32 Similarly,
another study noted a dose-dependent response to the
administration of 2 to 12 weekly 25-mg HCA injections
(5% human weight), with an increasing number of cartilage
fissures and cysts, a reduction in collagen production and
PG content, and deleterious cellular changes including a
progressive loss of mitochondria. Gross cartilage changes
were only significantly different from controls at more than
8 injections (200 mg total dose) and were indistinguishable
from controls at 4 injections (100 mg total dose).4 Eight
weekly 25-mg HCSS injections (4% human weight) into
both knees were also studied and led to significantly
reduced proteoglycan synthesis.27

Summary. The basic science investigations on hydrocor-
tisone support a dose-dependent effect on cartilage. At low
doses (<6 mg), cartilage ultrastructure is maintained and
gross cartilage recovery achieved. This is also seen in the
in vitro studies, for which 0.05 to 1.0 mg/mL in 1-week cul-
ture demonstrated beneficial changes. However, at higher
doses (>100 mg total dose), hydrocortisone administration
results in gross cartilage damage and a loss of cartilage
macromolecules.

Methylprednisolone

The basic science research on the effects of methylpredniso-
lone has focused on 1 formulation of the drug, methylpredi-
solone acetate (MPA), which is water insoluble, has an
average duration of action of 7 days, and has a recom-
mended clinical dose of 10 to 30 mg.6,10,12,16,30

Human In Vitro Studies. In a continuous infusion pump
model (to mimic joint fluid metabolism), Dragoo et al10

demonstrated that a single dose of 5-mg MPA resulted
in a nonsignificant decrease in chondrocyte viability at
7 days, but in a separate 14-day culture, resulted in
marked loss of viability (though not statistically signifi-
cant). A study on chondrocytes from patients with pri-
mary osteoarthritis, however, found a beneficial effect of
0.01 mg/mL MPA in a range of 3- to 96-hour cultures. MPA
alleviated cartilage damage through suppression of
enzymes responsible for cartilage degradation, such as
MMPs (types 2 and 9) and urokinase plasminogen acti-
vator.7 These chondrocyte investigations suggest that
methylpredisolone has a time-dependent effect on human
chondrocytes in vitro, with higher doses correlating with
compromised viability but lower doses demonstrating a
beneficial effect.

Animal In Vivo Studies. Murray et al26 examined 4
injections of 100 mg MPA at 2-week intervals in an equine
knee model and discovered significant signs of degenera-
tion, including decreased thickness and permeability.

Three articles examined the effect of MPA over a 12-week
time course. One rabbit model (5% human weight) studied
2 doses (1.4 and 7 mg) given weekly and found dose-
dependent cystic lesions, fissuring, and cell death and
decreased proteoglycan levels.19 Another rabbit model (4%

human weight) used 7 mg MPA administered in twice-
weekly injections and similarly found increased cartilage
erosions, decreased GAG content, and narrowing of joint
spaces associated with MPA.2 A primate knee model (9%
human weight) was used to examine 1, 2, or 6 injections
of 20 mg MPA over 12 weeks and found only minor, non-
significant, dose-dependent deleterious effects of MPA on
histochemical properties of cartilage in comparison with
controls.14

Two studies used a surgical injury model to examine
MPA. Kopta and Blosser20 assessed the effect of 1 to
6 monthly 4-mg injections in rabbits (4% human weight)
and observed a negative, dose-dependent correlation with
recovery time, including decreased elasticity and thickness,
and increased compressibility by the fourth injection
(16 mg total dose).20 A canine model (33% human weight)
with 2 injections of 20 mg MPA in 8 weeks reported positive
results, including reduced incidence and size of lesions and
increased chondrocyte density.29

Short-term daily methylprednisolone administration
(0.1 mg/kg/d) for a range of 3 to 21 days resulted in a
dose-dependent increase in articular surface fibrillation
and inhibition of cell maturation after 4 daily injections in
horses.38 Together, these in vivo studies of MPA have
shown largely negative effects on articular cartilage mor-
phology and protein content in both the short and long
terms.

Summary. Collectively, the basic science literature on
methylprednisolone reveals a large dose-dependent deleter-
ious effect on cartilage. At high doses (>0.01 mg/mL or 7 mg),
methylprednisolone appears to have catabolic effects on pro-
tein levels, chondrocyte viability, and gross cartilage mor-
phology. At low doses (<0.01 mg/mL), positive effects may
be observed, including reduction of lesions and increased
chondrocyte density. Long-term methylprednisolone in vivo
overwhelmingly supports deleterious effects on gross mar-
kers of cartilage health. The state of the joint (healthy,
osteoarthritic, or surgically injured) and source of tissue may
play a role in the tissue’s response to methylprednisolone.

Dexamethasone

Basic science investigations on the effects of dexametha-
sone on articular cartilage have utilized 2 preparations:
dexamethasone (DEX) and dexamethasone sodium phos-
phate (DSP). DEX is insoluble in water, has an average
IA duration of action of 8 days, and has a clinical dose of
8 mg, while DSP is soluble in water, has an action of 6 days,
and a recommended dose of 4 mg.6,30

Human In Vitro Studies. There have been 5 in vitro
studies on human chondrocytes, 4 of which suggest a
detrimental effect of dexamethasone on cell viability and
cartilage extracellular matrix. Su et al35 studied human
osteoarthritic chondrocytes cultured for 1 day in 2.5, 25,
76, and 153 mM DEX and observed a significant down-
regulation of the beneficial glycoprotein TIMP-3 in all
cultures.35 Three DEX dosages (50, 100, and 150 mM)
were studied in 1-, 2-, 3-, or 7-day cultures, and a time-
and dose-dependent depression of transcription of Sox9,
Col-II, and aggrecan, as well as a time- and dose-inhibition
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of chondrocyte growth, was reported after 3 days at the 2
highest doses.34 Another study examined human osteoar-
thritic chondrocytes at 25 mg/mL DEX for 24 and 48 hours.
A time-dependent detrimental effect was observed, including
significantly reduced cell viability and proteins responsible
for proliferation and significant upregulation of proteins
responsible for apoptosis for both culture durations.37 The
time dependence of dexamethasone’s deleterious effects is
also supported in a study on healthy human chondrocytes.
Chondrocytes cultured with 100 mM/L DEX for 6, 12, and 24
hours had increased autophagy (beneficial cartilage pro-
tein turnover) but the same 100 mM/L DEX for 48 and 72
hours displayed significant chondrotoxicity, apoptosis, detri-
mental morphological changes, and a reduction of autoph-
agy.22 Interestingly, in a separate investigation conducted
by Dragoo et al,10 a single, clinically applicable dose of 1.17
mg DSP cultured for 7 days did not have a significant effect
on healthy human chondrocyte viability. A separate 14-day
trial also resulted in no significant loss of viability versus
control culture. This study used a continuous infusion pump
to mimic joint fluid metabolism for the cultured chondro-
cytes and may explain the discrepancy in results from other
in vitro models.10

Animal In Vivo Studies. The only in vivo animal investi-
gation with dexamethasone used a surgically induced carti-
lage damage model and intra-articularly administered 0.5
mg/kg DEX every 3 days for 3 weeks in rabbits. A beneficial
effect was reported with protection of chondrocytes and
gross morphology (osteophytes, cartilage lesions, discolora-
tion, fibrillation), decreased synovial expression of MMP-3
and interleukin-1b, and decreased joint inflammation
and joint tissue degradation, but also decreased synovial
expression of collagen I.17

Summary. These basic science investigations demon-
strate the dose and time dependence of dexamethasone
toxicity. Low doses (2.5-50 mM) and short exposure times
(<1 day) correlated with maintenance of cell viability and
protection of cartilage morphology. At high doses (>100
mM) and longer culture times (3 days), dexamethasone
may have detrimental effects on cartilage, such as
decreased type II collagen levels, chondrotoxicity, and
extracellular matrix breakdown. The single in vivo inves-
tigation supported a beneficial effect of repeated dexa-
methasone injections, perhaps due to dosage or cartilage
interactions with the joint in vivo.

Betamethasone

The basic science research on the effects of betamethasone
on articular cartilage has investigated 3 formulations of
betamethasone, which are often used in combination. Beta-
methasone acetate (BMA), betamethasone sodium phos-
phate (BMSP), and betamethasone dipropionate (BMDPI)
all have recommended human dosages of 6 mg and an aver-
age duration of action of 9 days. The formulations differ in
solubility: BMA and BMDPI are insoluble in water, while
BMSP is freely soluble in water.6,30

Human In Vitro Studies. Studies investigating the use
of betamethasone have yielded mixed results. Farkas
et al11 conducted investigations with 3.5 mg betamethasone

(1 mL of 2 mg/mL BMSP with 5 mg/mL BMDPI) cultured for
2, 6, and 24 hours and found betamethasone was signifi-
cantly chondrotoxic at 24 hours. Chondrocytes were also
administered a single dose of BMSP and BMA at 1 mg in a
culture using a continuous infusion pump to mimic joint
fluid metabolism. This study demonstrated a significant
decrease in chondrocyte viability at 9 and 14 days postinjec-
tion.10 However, Davis et al8 studied chondrocytes treated
for 30 minutes in 0.2, 0.6, 1, 3, and 6 mg/mL BMSP and BMA
combination, without benzalkonium chloride (a preservative
used in clinical betamethasone combination formulations),
and found no significant cell death at any dose up to 7 days
after treatment. The study also compared betamethasone
corticosteroids versus benzalkonium chloride and found sig-
nificant cell death at even the lowest dose (0.01 mg/mL) ben-
zalkonium chloride, which could explain discrepancies with
in vivo findings.8 These studies suggest betamethasone has
a deleterious effect on human chondrocytes, which may be
mediated by shorter culture times and use of preparations
without the preservative benzalkonium chloride.

Animal In Vivo Studies. Albano et al1 administered
weekly injections for 1 to 8 weeks (0.25 mg BMDPI and
0.1 mg BMSP combination) intra-articularly to rabbits
(46% human weight) and reported that 1, 2, and 4 injections
(1.4 mg total dose) showed no significant differences from
controls, while 6 (2.1 mg total dose) and 8 injections
resulted in a significant decrease in cartilage proteoglycan
content. Rabbits (46% human weight) were also adminis-
tered 10 injections (3 mg BMSP and 3 mg BMA with
0.2 mg benzalkonium) over 20 weeks, and progressive
articular cartilage lesions were found at both weeks 10
and 20.23 These results support dose-dependent beta-
methasone toxicity.

Summary. Collectively, the basic science literature on
betamethasone demonstrates time- and dose-dependent
deleterious effects on articular cartilage and chondro-
cytes. At low doses (<2.1 mg), betamethasone administra-
tion did not cause significant cartilage damage or cell
death, but at higher doses (>2.1 mg), chondrotoxicity, loss
of cartilage proteins, and progressive gross damage was
observed. Caution should be exercised with the clinical
use of betamethasone preparations containing benzalko-
nium chloride, as this preservative has exhibited signifi-
cant chondrotoxicity.

Prednisolone

The formulations of prednisolone used in previous studies
include prednisolone sodium succinate (PSS) and predniso-
lone acetate (PA), which have recommended clinical dose
ranges of 10 to 30 mg and average IA durations of action
of 10 days. PSS is slightly soluble in water while PA is inso-
luble in water.6,12,30

Human In Vitro Studies. Farkas et al11 treated samples
of human chondrocytes as well as osteochondral explants
with 25 mg PSS in 2-, 6-, and 24-hour cultures and demon-
strated significant chondrotoxicity in both culture systems
at 24 hours.11

Animal In Vivo Studies. Using an in vivo rabbit knee
model (6% human weight), Ishikawa administered 0.58
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mg/kg PA once a week for 8 weeks and found detrimental
effects on gross cartilage markers, including loss of normal
luster, fine fissures, thinning of cartilage, matrix fibrilla-
tion, chondrocyte distribution, and hypocellularity at 8
weeks postinjection.18

Summary. These 2 basic science studies demonstrate
the prednisolone toxicity. At low culture times (6 hours),
the cartilage does not exhibit significant damage, but above
a time threshold (24 hours), chondrotoxicity and gross car-
tilage damage is found.

Triamcinolone

Basic science studies have evaluated the effect of triamci-
nolone acetonide (TA) and hexacetonide (THA) using
chondrocyte and in vivo animal models. TA and THA are
both insoluble in water, but THA is slightly more potent
(recommended clinical dose of 20 mg for THA, 10-40 mg for

TA) and longer acting (21 days for THA, 14 days for TA)
than TA.6,10,30

Human In Vitro Studies. Monolayer chondrocytes
treated for 15 minutes and cultured for 24 hours with 10
mg/mL TA were correlated with significant chondrotoxi-
city.36 In a culture using a continuous infusion pump to
mimic joint fluid metabolism, a single dose (5 mg) of TA was
studied, and a significant decrease in chondrocyte viability
was observed at 14 days postinjection.10

Animal In Vivo Studies. In vivo studies evaluating
triamcinolone have yielded conflicting results. Frisbie
et al13 administered 2 IA injections of TA (12 mg at 13
and 27 days after surgical damage) in an equine knee
model and demonstrated significantly better histomorpho-
logical parameters (cartilage fibrillation, chondrocyte
necrosis, chondrone formation, and focal cell loss). A rab-
bit model (35% human weight) was used to examine the
effect of 2 to 6 weekly (3 mg) TA injections and found

TABLE 2
Human Chondrocyte In Vitro Studiesa

Drug Culture Duration, d Dose, mg Effect on Cartilage (þ, ±, �)

MPA10 7 5 ±
DSP10 7 1.17 ±
BMSP/BMA10 9, 14 1 �
BMSP with BMDPI11 0.83, 0.25 3.5 ±

1 3.5 �
PSS11 0.83, 0.25 25 ±

1 25 �
TA10 14 5 �
TA36 0.01, 1 40 �

aBMA, betamethasone acetate; BMDPI, betamethasone dipropionate; BMSP, betamethasone sodium phosphate; DEX, dexamethasone;
DSP, dexamethasone sodium phosphate; HCSS, hydrocortisone sodium succinate; MPA, methylprednisolone acetate; PSS, prednisolone
sodium succinate; TA, triamcinolone acetonide.

TABLE 3
Animal In Vivo Studiesa

Drug Animal
Total

Dose, mg
No. of

Injections
Injection

Interval, d
Effect on

Cartilage (þ, 0, �)

Methylprednisolone acetate Rabbit19 16.8 12 7 �
Rabbit20 4-16 1-4 30 0
Rabbit20 20-24 5-6 30 �
Rabbit19 84 12 7 �
Rabbit2 168 24 3.5 �
Primate14 20-120 1, 2, or 6 14, 42 0
Canine29 40 2 30 þ
Equine26 400 4 14 �

Hydrocortisone acetate Rabbit24 0.25 1 0 0
Rabbit24 2.5 1 0 �
Rabbit4 50-200 2-8 7 0
Rabbit4 200-300 8-12 7 �

Hydrocortisone sodium succinate Rabbit27 200 bilaterally 8 7 �
Betamethasone dipropionate/sodium phosphate Rabbit1 0.35-1.4 1, 2, or 4 7 0

Rabbit1 2.1-2.8 6, 8 7 �
Betamethasone acetate/sodium phosphate Rabbit23 60 10 14 �
Triamcinolone hexacetonide Canine28 10 2 30 þ
Triamcinolone acetonide Equine13 24 2 15 þ

aArticles were excluded from table if total dose (mg) was not available to facilitate comparison.
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dose-dependent degenerative changes in the cartilage
(cyst formation and nuclear degeneration) and gross crys-
talline deposits.25 In a canine model (33% human weight)
with 2 IA THA injections (1 month apart, 5 mg), a signif-
icant reduction in tibial plateau cartilage injury was
found in the surgically induced damage group. No carti-
lage erosions, cell degradation, or death were noted for
either the surgically damaged or THA control group com-
pared with nontreated controls.28 Williams and Brandt41

examined a single dose of IA THA (0.4 mg/kg) in guinea
pigs (8% human weight) and found no histochemical effect
alone, but did find a significant protective effect on fibril-
lation, osteophytes, and cell viability after chemically
induced cartilage damage.

Human Clinical Trial. One clinical trial by Raynauld
et al31 examined the effect of 40 mg TA in osteoarthritis
patients by administering injections every 3 months for 2
years. Long-term TA administration prevented narrowing
of the radiographically measured joint space over a 2-year
study period.31

Summary. The basic science studies on triamcinolone
support disparate conclusions. Two in vitro chondrocyte
investigations conclude that triamcinolone is chondrotoxic
at all examined doses. However, in vivo animal and human
clinical studies support triamcinolone’s possible chondral
protection from injury or osteoarthritis. These effects were
shown to be dose dependent, with deleterious effects on
cartilage appearing after an 18-mg cumulative dose. The
discrepancy in observed results may be due to heterogeneous
factors such as type of animal model, dosage, or treatment
time.

CONCLUSION

The time- and dose-dependent deleterious effects of the
reviewed corticosteroids on articular cartilage are exten-
sively supported by the basic science literature. The bene-
ficial effects of corticosteroids occurred at low doses and
short culture durations (usually <2-3 mg/dose or 8-12
mg/cumulative total dose in vivo) (Tables 2 and 3), at
which increased cell growth and recovery from damage
was observed. However, at higher doses and longer culture
durations (>3 mg/dose or 18-24 mg/cumulative total dose
in vivo), corticosteroids were associated with gross
cartilage damage and chondrotoxicity. The literature
demonstrates the complex effect methylpredisolone, dexa-
methasone, betamethasone, and hydrocortisone have on car-
tilage proteins (especially proteoglycan, type II collagen,
aggrecan) through simultaneous mediation of the processes
of protein production and breakdown. Methylprednisolone,
dexamethasone, and hydrocortisone have demonstrated
simultaneous mediation of both beneficial and detrimental
upstream regulators of cartilage protein synthesis and
breakdown, most notably the MMPs and tissue inhibitors of
MMPs depending on dose and duration. The in vivo studies
of methylprednisolone, hydrocortisone, and triamcinolone
also support significant cartilage protection at low doses.
Discrepancies in results between in vitro (support chondro-
toxicity) and in vivo studies (support a protective effect) of

triamcinolone, hydrocortisone, and betamethasone sug-
gest that these corticosteroids have complex interactions
within the joint. The single clinical trial examined in this
review indicated a beneficial effect of IA administration of
triamcinolone in osteoarthritis patients.
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