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ABSTRACT
Intraarticular corticosteroid (IAC) 
injection is a safe and rapidly effec-
tive treatment for synovitis in children 
with juvenile idiopathic arthritis (JIA). 
This procedure can be performed in an 
ambulatory care setting using local an-
aesthesia, with or without conscious se-
dation. Younger children, or those can-
didate to multiple injections, require 
general anaesthesia. Triamcinolone 
hexacetonide is the optimal corticoster-
oid preparation. However, for smaller 
joints or joints that are not easy to as-
sess clinically, use of a more soluble 
corticosteroid drug is advised. Imag-
ing guidance may facilitate accurate 
placement of the needle within the joint 
space. Use of ultrasound for this pur-
pose has gained increasing popularity 
in the recent years. IAC injections are 
used most frequently to treat oligoar-
thritis, but the strategy of performing 
multiple IAC injections to induce dis-
ease remission, while simultaneously 
initiating therapy with second-line or 
biologic agents, has been proposed 
also for children with polyarticular 
JIA. However, the current place of IAC 
therapy in the management of children 
with JIA is uncertain due to the lack 
of controlled studies. Furthermore, it 
is still unknown whether this therapy 
has a disease-modifying effect over the 
long-term. This review summarises the 
present information about the use of 
IAC therapy in children with JIA.

Introduction
Intra-articular corticosteroid (IAC) 
injections are widely used in the man-
agement of children with juvenile idi-
opathic arthritis (JIA) to induce short-
term relief of inflammation symptoms 
and functional improvement, and to 
obviate the need for regular systemic 
therapy (1). The use of IACs in adults 

with arthritis was first reported in 1951 
(2). Although this therapeutic modality 
in childhood arthritis was presumably 
adopted from as early as the sixties, 
the first study of IAC administration in 
paediatric patients was published only 
in 1984 (3). In spite of its long use in 
paediatric rheumatology practice, much 
of the evidence supporting IAC thera-
py remains anecdotal or based on open, 
non-controlled studies. Furthermore, 
wide disparities likely exist in the indi-
cations for IACs, injection technique, 
and protocols for sedation and post-
injection management across different 
centres. This article provides a brief 
summary of the experience gained so 
far on the use of IAC in childhood ar-
thritis, highlighting in greater detail the 
most recent advances.

Indications
Traditionally, IAC injections have 
been used in children with JIA af-
ter failure of first-line treatment with 
nonsteroidal anti-inflammatory drug 
(NSAID) therapy. Malleson and Petty 
were probably the first, in an editorial 
published in 1990 (4), to emphasise 
the potential advantages of IACs over 
prolonged NSAID therapy in children 
with JIA. Taking into account the in-
creasing doubt about the ratio of risk 
to benefit of NSAID therapy and con-
sidering their personal satisfactory ex-
perience, in terms of both efficacy and 
safety, of IAC injections in single and 
multiple joints, they suggested includ-
ing IAC therapy at the base of the treat-
ment pyramid of JIA. Nowadays, it is 
thought that many paediatric rheuma-
tologists are using IACs as their first 
approach in oligoarticular JIA (5, 6). 
However, a recent survey of paediatric 
rheumatologists in the United States 
and Canada has shown considerable 
variation in the initial treatment of knee 
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monoarthritis in children with JIA (7). 
Only 27% of 129 respondents recom-
mended initial IAC injection at disease 
presentation. The majority of respond-
ents (63%) advised a trial of NSAID, 
followed by IAC injection in cases of 
NSAID failure, whereas the remainder 
(10%) preferred initial NSAID admin-
istration, followed by methotrexate or 
sulfasalazine instead of IACs. This dis-
parity clearly reflects the lack of evi-
dence-based information to guide the 
therapeutic approach to children with 
oligoarticular JIA. 
The same authors of the above survey 
subsequently sought to identify the 
optimal treatment strategy for knee 
monoarthritis in JIA using a decision 
analysis approach with direct evalua-
tion of parent’s preferences (8). Of the 
12 parents who completed the prefer-
ence assessment task, 92% chose the 
initial IAC injection strategy over the 
NSAID-only strategy and the strategy 
that involved a 2-month NSAID trial 
followed by IAC injection if arthritis 
was not resolved after 2 months. Inter-
estingly, most parents (75%) felt that 
having their child undergo the discom-
fort of IAC injection was preferable to 
0.5 months or more of active arthritis. 
Since the parents’ sample included 
in this study is small, it is unknown 
whether the observed preferences are 
generalisable to all parents of children 
with JIA. However, understanding par-
ents’ (and children’s) preferences may 
help establish whether initial IAC in-
jection is the optimal treatment strategy 
for monoarthritis or oligoarthritis.
Although potentially effective on all 
subtypes of JIA, IAC injections are used 
most frequently to treat oligoarthritis. 
Unlike NSAIDs, IAC therapy is able to 
prevent some important musculoskele-
tal abnormalities in this JIA subset (Ta-
ble I). It breaks the vicious circle that 
leads to deformities (e.g. valgus knee) 
secondary to joint contractures. When 
used precociously after diagnosis, and 
if necessary repeatedly, it may prevent 
development of leg-length discrepancy 
(9). IAC therapy has been proven to be 
able to facilitate discontinuation of oral 
medications, correct joint contractures, 
resolve Baker’s cysts, and improve ten-
osynovitis (10). Importantly, there is 

no point in giving local corticosteroid 
injection into a Baker cyst (11). The 
cyst gradually disappears if the disease 
in the knees clears or if fluid formation 
is suppressed by IAC injection into the 
knee cavity. However, the strategy of 
performing multiple IAC injections is 
used by some paediatric rheumatolo-
gists in children with polyarticular JIA 
to induce prompt remission of syno-
vitis, while simultaneously initiating 
therapy with disease-modifying drugs 
(DMARDs) and/or biologic agents 
(12). This approach is regarded as an 
alternative to systemic corticosteroids 
to pursue the so-called “bridge” effect, 
that is, to achieve a quick control of in-
flammatory symptoms while awaiting 
the full therapeutic effect of a DMARD 
or biologic medication. Multiple IAC 
injections have the potential advantage 
of avoiding many side effects of sys-
temic corticosteroids and of targeting 
selectively the inflamed joints. A recent 
survey among paediatric rheumatolo-
gists in the United States and Canada 
has shown that 15% had performed 
greater than 10 IAC injections in a sin-
gle paediatric patient at one time (13). 
However, to date there have been no 
controlled trials on IACs in children 
with polyarticular JIA. 
 
Choice of corticosteroid preparation
It is well known that the duration of 
response to IACs is dependent on the 
corticosteroid used, with less soluble 
preparations providing a longer dura-
tion of response. Triamcinolone hexac-
etonide (TH), the least soluble agent, is 
universally recognised among paediat-
ric rheumatologists as the medication of 
choice for intra-articular administration 
in JIA. In earlier comparative studies, 
TH was shown to be superior to both 
bethametasone and methylprednisolo-
ne (14, 15). TH is also thought to be 
more advantageous over triamcinolone 
acetonide (TA). The two compounds 
differ from one another by an altera-
tion of one side chain, which gives TH 
a much lower solubility. Recently, a 
randomised controlled trial comparing 
TH and TA, used at similar doses, in 
oligoarthritis found a significant great-
er response rate in the TH group at 6 
months (81.4% vs. 53.3%; p=0.001), 

which was maintained at 2 years of 
follow-up (60% vs. 33.3%; p=0.002) 
(16). Based on pharmacokinetic studies 
showing that the biological effect of TA 
is equivalent to that of TH, if used at 
double dose (17), the same group of in-
vestigators subsequently compared the 
efficacy of TH and TA, given at twice 
the dose of TH, by injecting symmetri-
cally involved joints with the 2 differ-
ent compounds. By log-rank test, the 
probability of achieving remission was 
higher in joints injected with TH than in 
those injected with TA (80% vs. 47.5% 
at 12 months and 63.6% vs. 32.4% at 24 
months; p=0.003). These findings led 
the authors to conclude that TH remains 
more effective than TA even when the 
latter drug is given at higher doses (18). 
Similar results were obtained by Eber-
hard et al. (19), who found that TH in-
duced a more prolonged response rate 
than did TA in weight-bearing joints, 
particularly the knees. The dosage regi-
men of IAC injections currently used 
in the corresponding author’s centre is 
reported in Table I. 

Anaesthetic procedures
Because IAC injections are painful, a 
pain-free method increases the comfort 
for the patient and facilitates success-
ful placement of the steroid within the 
joint. To lessen anxiety and pain, IAC 
therapy may be performed under lo-
cal anaesthesia, conscious sedation, or 
general anaesthesia. Older children, 
who are deemed able to cooperate, 
may be just given a local anaesthetic 
before needle insertion. The eutectic 
mixture of lidocaine/prilocaine cream 
5% (EMLA®) containing 2.5% of each 
drug has been proven to induce surface 
anaesthesia when applied topically un-
der occlusion. The efficacy of lidocaine/
prilocaine cream in reducing the pain 
associated with IAC injection was eval-
uated in 31 children with JIA scheduled 
for IAC injection into a knee in the con-
text of a randomised, placebo-control-
led trial. No significant difference was 
found in the pain reported after needle 
insertion or steroid injection between 
the lidocaine/prilocaine cream group 
and the placebo group (20). In spite of 
the disappointing results of this trial, 
EMLA® cream remains widely used 
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as local anaesthetic in many paediatric 
rheumatology centres. However, a re-
cent survey among paediatric rheuma-
tologists in North America has revealed 
a wide variability in the methods used 
to deliver local anaesthesia, with no ac-
cepted standard of care (21).
Conscious sedation may be achieved 
with benzodiazepines, such as mida-
zolam. This medication has the ad-
vantage of inducing an amnesic effect, 
but has no analgesic properties. This 
means that it may need to be associated 
with an opioid medication or ketamine, 
which may have a negative impact on 
the safety profile. Midazolam can be 
administered intravenously, orally or 
rectally. The distress resulting from 
insertion of the intravenous cannula 
often makes the former route of admin-
istration unsatisfactory. Furthermore, 
the potential for respiratory depression 
means that this method should only be 
used when adequate facilities for pae-
diatric resuscitation are available. The 
oral or rectal routes are more accepted 
by children and families, but have the 
disadvantage of an erratic absorption. 
A recent study has described the use of 
intranasal midazolam (22).
Young children, or those candidate to 
multiple injections, may require general 
anaesthesia. With modern anaesthesia 
techniques, most children can receive 
their joint injection in the anaesthetic 
room under a short general anaesthetic, 
and can be treated as day cases. The 
use of an inhaled mixture of nitrous 
oxide and oxygen to facilitate painful 
procedures, including IAC injections, 
in children has been recently proposed 
(23-25). This procedure has the advan-
tage of allowing a short stay in hospital 
and avoiding the risks associated with 
either intravenous sedation or general 
anaesthesia. It does require a degree of 
cooperation from the patient, however, 
which limits its applicability in younger 
children

Injection technique
A telephone survey of paediatric rheu-
matologists in the UK has revealed a 
wide variation in individual practice 
with respect to IAC injections (26). 
There was no consensus of opinion 
over issues such as flushing of the nee-

dle track with saline or local anaesthet-
ic, mixing the corticosteroid prepara-
tion with local anaesthetic, and “puls-
ing” (administration by several small 
increments into an individual joint) of 
injections, especially into small joints, 
to minimise the risk of steroid leakage 
and subcutaneous atrophy. Surpris-
ingly, only 9.8% of respondents to this 
postal survey reported the routine use 
of surgical gloves to reduce the risk of 
infection. 
Aspiration of as much of synovial fluid 
as possible prior to IAC injection is 
advised to provide immediate relief of 
symptoms. In addition, it is assumed 
that removal of excess synovial fluid 
increases the efficacy of treatment be-
cause it leaves a smaller fluid volume 
for the corticosteroid to distribute in. 
Complete aspiration of synovial fluid 
before injecting IAC has been found 
to reduce the risk of relapse in adult 
patients with rheumatoid arthritis (27). 
The potential benefit of nonarthroscop-
ic joint lavage followed by IAC injec-
tion to treat knee arthritis refractory to 
conventional IAC injections has been 
described (28).
To increase the chance of success of 
IAC therapy and minimise the risk of 
local side effects, namely subcutaneous 
atrophy (see below), accurate place-
ment of the needle within the joint 
space is fundamental. However, this 
can be difficult for certain joints that 
are not easy to assess clinically, such as 
the hip, the subtalar joint, or the tempo-
romandibular joint. A high rate of inac-
curate placement of the needle within 

the joint space has been reported in 
adult patients with arthritis (29). Aspi-
ration of synovial fluid before injection 
of a corticosteroid is one method that 
may allow for improved accuracy. Im-
age guidance with the aid of ultrasound 
or fluoroscopy has gained increasing 
popularity in recent years. Ultrasound 
is the most valuable tool as it does not 
involve radiation exposure and can 
be done by the rheumatologists them-
selves. It has been suggested that prac-
titioners, after trying a few US-guided 
needle placements, would gain accura-
cy in subsequent blind placements and, 
ultimately, achieve better results (30). 
The technique of injection in specific 
joints has been reviewed recently (31).

Post-injection management
A wide inconsistency in practice re-
garding post-injection rest, splinting, 
and physiotherapy regimens has been 
reported (5). It is postulated that limit-
ing movement in the joint diminishes 
the extent of clearance of the medica-
tion from the joint space and re-absorp-
tion. Policies about the rest period have 
varied from non-weight bearing for 24 
hours to 24 hours of strict bed rest, to 
24 hours of light activity, to 48 hours 
of minimal weight bearing. The use of 
splints was also variable, with some 
therapists not using splints, others only 
using them for the joints with flexion 
contractures, and some applying them 
following every injection. The follow-
up physiotherapy was quite variable 
as well, with some children attending 
therapy for 48 hours following injection 

Table I. Type and dose of corticosteroids currently used for intra-articular corticosteroid 
injections at the corresponding author’s centre.

Joint Corticosteroid  Dose

Shoulder TH 1 mg/kg (max 40 mg)
Elbow TH 0.75 mg/kg (max 30 mg)
Wrist TH 0.25–0.5 mg/kg§ (max 20 mg)
Hand metacarpophalangeal and interphalangeal  MP 5–10 mg§

Hip TH 1 mg/kg (max 40 mg)
Knee TH 1 mg/kg (max 40 mg)
Ankle TH 0.75 mg/kg (max 30 mg)
Subtalar and intertarsal MP 20–40 mg§

Foot metatarsophalangeal and interphalangeal MP 5–10 mg§

Tendon sheats MP 20–40 mg§

TH: triamcinolone hexacetonide; MP: methylprednisolone acetate.
§Depending on the child’s size.



777

REVIEWIntraarticular corticosteroid therapy in JIA / C. Scott et al.

and others being treated for 1-2 weeks 
or according to therapist’s availability. 
It is the authors’ policy to prescribe a 
non-weight bearing period of 24 hours. 
In our experience, as in that of others 
(5), splinting is rarely necessary to cor-
rect contractures due to the efficacy of 
the IAC therapy. However, in children 
with contractures, valgus deformity, or 
muscle hypotrophy an intensive and in-
dividually tailored physiotherapy pro-
gram post-injection is advised. 

Outcome and predictors of outcome
Overall, remission rates range from 
22% to 70% at 6 months, from 22% to 
77% at 12 months, and from 16.7 % to 
55% at 2 years (6). However, reported 
studies on the efficacy of IAC injec-
tions in JIA are difficult to compare 
and interpret due to differences in the 
disease subtypes included, type and 
number of joints injected, definitions 
of improvement used, concomitant sys-
temic therapy, and timeframe adopted 
to assess treatment response or failure. 
The same applies to the analyses of out-
come predictors. 
In case of relapse of synovitis, reinjec-
tion is commonly performed. Although 
there are no established guidelines for 
this practice, most rheumatologists 
will limit the frequency of reinjec-
tions to 3 times per year, with repeated 
procedures being performed at least 3 
months apart (6, 32). Newer joint im-
aging techniques, such as MRI and ul-
trasound, may play an important role in 
the evaluation of IAC injection, particu-
larly in establishing whether clinically-
defined remission parallels resolution 
of synovitis on imaging studies (33-
35). Although the short-term efficacy 
of IAC injections is well established, 
it is still unclear whether this treatment 
influences the natural history of JIA, 
particularly in terms of prevention of 
structural damage. Recently, the benefit 
of IAC injection was demonstrated by 
three dimensional-gait analysis in both 
injected and uninjected joints (36). 
A number of predictors of the efficacy 
of IAC therapy have been reported, 
sometimes with conflicting results (Ta-
ble II). The effect has been found to 
be best after the first injection into an      
individual joint, and the duration of the 

effect has been shown to be longest in 
patients with oligoarthritis and short-
est in patients with systemic arthritis 
(37). Response rate and duration of ef-
fect have been found to be greater in 
the knee than in the hips. Other pre-
dictors of favourable response include 
shorter disease duration and younger 
age at the time of the IAC injection, 
male gender, and higher ESR (6, 38). 
A higher count of synovial fluid poly-
morphonuclear leukocytes was asso-
ciated with a higher relapse rate (15). 
A recent retrospective chart review of 
60 JIA patients who received 202 IAC 
injections over a 5-year period showed 
that remission was longer in the joints 
of the upper extremities (wrist and fin-
ger joints) and knees, in patients who 
were given concomitant treatment with 
methotrexate, and when injection was 
performed under general anaesthesia 
(39). Vivarelli and co-workers (40) 
reported that the -173 G/C single nu-
cleotide polymorphism of macrophage 
migration inhibitory factor (MIF) was 
significantly associated with duration 
of response to IAC injection in chil-
dren with JIA, with carriers of a MIF 
-173*C allele being significantly more 
likely to relapse within 3 months. The 
authors noted that this finding was con-
sistent with the ability of MIF to coun-
teract the anti-inflammatory effect of 
corticosteroids. A study of biomarkers 
concentration in synovial fluid of JIA 

patients who underwent an IAC injec-
tion showed that higher levels of ma-
trix metalloproteinase (MMP)-3 and, 
possibly, interleukin (IL)-6 and IL-10 
predicted better outcome at 6 months 
(41).

Side effects
The most common adverse effect of 
IAC injections is subcutaneous atro-
phy, with reported incidence ranges 
from 1.5 to 8.3% (3, 6, 42). It is caused 
by extravasation of the injected medi-
cation from the joint space. Subcuta-
neous atrophy may resolve with time 
in most patients, but persists in some. 
The risk of this complication is mini-
mised by following a careful injection 
technique and by ensuring accuracy 
of needle placement in the joint space. 
Corticosteroid preparations with higher 
potency and duration of action, namely 
TH, carry the greatest risk of subcu-
taneous atrophy. The risk is higher in 
smaller joints.
There has been concern that IAC injec-
tions may damage intra-articular struc-
tures. In a 13-month follow-up study, 
Huppertz et al. (43) demonstrated by 
means of MRI scans pre and post-pro-
cedure that cartilage integrity was well 
preserved in all injected joints. More 
long-term studies and studies in chil-
dren who receive repeated injections in 
the same joints are needed to further in-
vestigate the safety of IAC procedures. 
The potential role of IAC injections in 
causing avascular necrosis of the femo-
ral head is discussed below. 
It has been warned that following mul-
tiple IAC injections there could be 
sufficient systemic absorption of corti-
costeroids to produce a Cushingoid ap-
pearance. Huppertz and Pfüller (44) re-
ported transient suppression of cortisol 
release detected by a low morning peak 
value of salivary cortisol. In all 22 cas-
es studied, the cortisol values returned 
to normal within a median of 16 days 
and no adverse events were recorded 
secondary to this transient adrenal sup-
pression. However, one case of Cushin-
goid syndrome and severe adrenal sup-
pression following local corticosteroid 
use was recently reported (45). This 
patient, who had received 36 injections 
of TH over 4 years, developed florid 

Table II. Predictors of outcome of IAC 
therapy.

Predictors of favourable response
     First injection
     Oligoarthritis
     Shorter disease duration
     Younger age
     Male sex
     Injection in the knee
     Injection in upper extremity joints
     Higher erythrocyte sedimentation rate
     Concurrent methotrexate therapy
     Injection under general anaesthesia
     Higher levels of matrix metalloproteinase         
         (MMP)-3 in the synovial fluid

Predictors of poor response
     Systemic arthritis
     Injection in the hip
     Higher synovial polymorphonuclear leuko- 
          cyte count
     -173*C allele of macrophage migration in- 
          hibitory factor (MIF)
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Cushingoid symptoms, associated with 
reduced growth velocity for 11 months 
and undetectable cortisol levels for 6 
months. In another study, prominent 
Cushingoid features were reported 
in 9/180 (5%) children with JIA who 
had received TA (46). This side effect 
seemed to be independent from the cor-
ticosteroid dose used or the number of 
steroid administrations. Although these 
symptoms were described as being dis-
tressing for both children and parents, 
spontaneous resolution within a few 
months occurred in all cases. Altogeth-
er, these finding suggest that although 
systemic absorption of corticosteroids 
may cause significant adrenal suppres-
sion and transient clinical manifesta-
tions ranging from minor cosmetic 
changes to overt Cushingoid syndrome, 
it is not associated with long-term ad-
verse effects and is short-lived. 
Another known complication of IAC 
injections is the development of peri-
articular calcifications. The majority of 
these abnormalities are asymptomatic 
and are detected coincidentally on ra-
diological follow-up. However, in one 
case, surgical removal from the infra-
patellar fat pad was necessary (3). 
Septic arthritis of the ankle 48 hours af-
ter an IAC injection in a knee in a child 
with respiratory infection has been re-
ported (47). This report suggests that 
the procedure should be postponed if 
the child has signs of an intercurrent 
infection. Rigorous aseptic measures, 
including a careful no-touch technique, 
should always be adopted to prevent 
such serious complication.
Injected corticosteroids may cause a 
crystal-induced synovitis, which may 
present with post-injection erythema 
and pain. This is thought to result from 
phagocytosis of corticosteroid crys-
tals in the joint, leading to the release 
of inflammatory mediators (48). These 
symptoms usually subside spontane-
ously or with local ice application 
within a few days. Acute anaphylaxis 
following intraarticular injection of a 
mixture of methylprednisolone and lo-
cal anaesthetic has been described in 
adult patients (49), but has never been 
reported in children.
The main side effects of IACs are pre-
sented in Table III. 

IAC injection in specific joints
– Hip joint 
The hip is one of the joints less fre-
quently treated with IAC injections due 
to the complexity of the procedure. Fur-
thermore, there is concern that corticos-
teroid injection into the hip joint could 
induce avascular necrosis (AVN) of the 
femoral head. Recently, Neidel et al. 
(50) followed prospectively 48 children 
with JIA who received IAC injection 
in 67 hips under ultrasound guidance. 
Each hip was injected with TH at a dose 
of 1 mg/kg, not exceeding 40 mg/joint. 
A post injection rest of 3 days was pre-
scribed. Remission of coxitis, assessed 
both clinically and with ultrasound/
MRI, was achieved at 2 years in 76% of 
the hips after single or repeated injec-
tions. Two patients developed AVN of 
the femoral head. Both these children 
were receiving long-term systemic cor-
ticosteroids. Overall, the AVN rate was 
not found to increase after IAC therapy 
compared with the AVN rate between 
the onset of JIA and the IAC treatment. 
Furthermore, all cases of AVN seen 
in the authors’ series occurred among 
children who received long-term corti-
costeroids, while no AVN was seen in 
children who did not receive such treat-
ment. Tinjala et al. (51) reported the 
results of ultrasound-guided IAC treat-
ment of 20 hips in 13 JIA patients. At 12 
months, the frequency of response, de-
fined as absence of synovitis clinically 
and the lack of effusion on ultrasound, 
was 50%. No side effects due to the IAC 
injection were observed during the fol-
low-up time. Altogether, these studies 
suggest that IAC therapy of hip syno-
vitis is effective and safe, with the risk 
of AVN of the femoral head being small 
and probably increased by the simulta-
neous administration of systemic cor-
ticosteroids. However, nowadays most 
JIA patients with hip disease are more 

likely to be treated precociously and ag-
gressively with DMARDs and biologic 
medications, often in combination.

– Temporomandibular joint 
Use of IAC injection into the tempo-
romandibular joint (TMJ) has been 
advocated with the aim of controlling 
synovial inflammation and potentially 
preventing mandibular growth altera-
tions, leading to micrognathia and jaw 
deviation. The latter indication has 
been inferred from the proven benefit 
of IAC treatment in the prevention of 
leg-length discrepancy in children with 
oligoarticular JIA (see above). Howev-
er, until recently use of this procedure 
among paediatric rheumatologists has 
been hampered by reports of corticos-
teroid-induced chondrolysis in adults 
with TMJ pain (52). Arabshashi et al. 
(53) followed prospectively 23 JIA pa-
tients who underwent computer-tomog-
raphy (CT)-guided IAC injections into 
the TMJ by experienced paediatric in-
terventional radiologists. Injected medi-
cation was TA (40 mg) or TH (20 mg). 
The majority of patients who had jaw 
pain before the procedure experienced 
complete resolution of pain. Maximal 
incisal opening improved significantly 
in 43% of patients. Resolution of joint 
effusions was observed in 48% of pa-
tients who had follow-up MRI studies. 
In the majority of patients, no side ef-
fects from IAC injection were seen. 
Two patients experienced facial swell-
ing, which was transient and was not ac-
companied by any cutaneous atrophy or 
pain. Ringold et al. (54) reported a retro-
spective chart review of 25 JIA patients 
who underwent 74 IAC injections on 47 
separate occasions. The injections were 
performed by an experienced oral and 
maxillofacial surgeon. Each TMJ was in-
jected with 20-40 mg of TA or 10-20 mg 
of TH. Over the study period, patients 
experienced, on average, significant im-
provement in maximal incisal opening. 
At the last study visit, 84% of patients 
did not report symptoms related to TMJ 
involvement and 72% of patients had 
no documented abnormalities on TMJ 
examination. Three of 5 patients had 
resolution of jaw deviation during fol-
low-up. One patient developed subcuta-
neous atrophy at the injection site. Two 

Table III. Main side effects of IAC therapy.

Subcutaneous atrophy
Periarticular calcification
Crystal-induced synovitis
Avascular necrosis of bone
Cushingoid syndrome
Septic arthritis
Anaphylactic reaction
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patients developed small, asymptomatic 
intraarticular calcifications. Altogether, 
these studies suggest that IAC injection 
is a useful procedure for the prevention 
and treatment of morbidities associated 
with TMJ arthritis in JIA. 

– Subtalar and tarsal joints 
In spite of the frequent occurrence of 
arthritis in the subtalar joint (i.e. pos-
terior talo-calcaneal joint), this joint is 
not commonly injected, possibly due to 
technical difficulty or lack of recogni-
tion. A chart review of 38 JIA patients 
who underwent 55 subtalar IAC injec-
tions was recently described (55). Indi-
cation for injection was the presence of 
qualitatively decreased foot inversion 
or eversion on physical examination. 
Injection was performed under fluoro-
scopic guidance and the corticoster-
oid preparation was TH (20 mg/joint). 
Improvement, defined by enhanced 
foot inversion and eversion, was docu-
mented in 82% of the initial injections, 
with the mean duration of improve-
ment being 1.2 years. Forty-four per-
cent of patients had complete recovery 
of subtalar arthritis following injection. 
However, 53% of patients developed 
skin hypopigmentation or subcutane-
ous atrophy. The authors hypothesised 
that these complications were related 
to the dose of injected corticosteroids 
and possibly the accuracy of needle 
placement. Tynjala et al. (51) described 
their experience with injection of joints 
and tendon sheaths in the swollen tar-
sal region in 19 patients with JIA who 
received 22 injections. Before the IAC 
injection, inflamed areas in the swol-
len ankles/feet were targeted with MRI. 

The corticosteroid preparation used was 
methylprednisolone, whose dose varied 
from 4 to 40 mg according to the size of 
the joint or the tendon sheath, the total 
number of injection sites, and the size of 
the patient. The response rate was 82% 
at 1 month, 59% at 3 months, 41% at 6 
months, and 32% at 12 months. No lo-
cal side effects, including subcutaneous 
tissue atrophy, were observed during 
follow-up time. The authors concluded 
that targeting the synovitis site by radio-
logical imaging optimises the treatment 
of tarsal synovitis in JIA.
In general, the assessment of the locali-
sation and extent of the inflammatory 
process in the ankle by clinical exami-
nation is often challenging. When a pa-
tient presents with ankle swelling, it is 
frequently difficult to establish whether 
this is predominantly due to synovitis 
in the tibio-talar joint, subtalar joint, 
or both, or whether the main cause is 
prominent tenosynovitis. This trans-
lates into difficulties in identifying the 
area that needs to be targeted with a lo-
cal corticosteroid injection. 
As synovitis in the ankle is often asso-
ciated with active disease in the tarsal 
joints, namely the talo-navicular, ante-
rior talo-calcaneal, or calcaneo-cuboid 
joints, this may affect improvement of 
pain and ankle movements, namely in-
version and eversion, following local 
injection therapy. Concomitant tarsal 
arthritis may explain the relatively low 
rate of complete resolution observed in 
some studies of IAC therapy in the an-
kle or subtalar joints. 
Overall, these issues underscore the 
low reliability of clinical examination 
and the importance of imaging stud-

ies in the precise localisation of the 
inflammatory process in the ankle and 
mid-foot areas (34, 35). Furthermore, 
because blind injection of the subtalar 
and tarsal joints and tendon sheaths is 
technically challenging, even in expe-
rienced hands, the efficacy of injection 
in these structures can be improved and 
the risk of local side effects minimised 
using imaging guidance, namely with 
ultrasound (Fig. 1). 

Intraarticular injection of biologic 
medications
In recent years, based on the favourable 
therapeutic results obtained with the 
systemic administration of the anti-tu-
mour necrosis factor agents in several 
inflammatory arthritides, these medica-
tions have been injected intraarticular-
ly with encouraging results in patients 
with persistent monoarthritis resistant 
to other therapeutic options, including 
IACs (56-59). However, more informa-
tion is necessary before this approach 
can be considered for use in children 
with JIA.

Conclusion
IAC injection remains an important 
therapeutic option for children with 
JIA, even in the biologic era. However, 
the current place of IAC therapy in the 
management of children with JIA is still 
uncertain due to the lack of controlled 
studies. Systematic and prospective 
studies and controlled trials are needed 
to define the optimal role of IACs in the 
management of children with JIA and 
to establish whether this treatment has 
the ability to prevent the development 
of structural joint damage. Further-
more, there is a need to support train-
ing of paediatric rheumatologists on the 
technique of IAC injection in the joints 
that are more difficult to access, and on 
ultrasound-guided procedures.
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