Osteoarthritis and Cartilage xxx (2016) 1e10

The OA Trial Bank: meta-analysis of individual patient data from knee
and hip osteoarthritis trials show that patients with severe pain
exhibit greater beneﬁt from intra-articular glucocorticoids
M. van Middelkoop y *, N.K. Arden z x k, I. Atchia ¶, F. Birrell ¶, J. Chao #, M.U. Rezende yy,
R.G.W. Lambert zz, P. Ravaud xx, J.W. Bijlsma kk, M. Doherty ¶¶, K.S. Dziedzic ##,
L.S. Lohmander yyy zzz, T.E. McAlindon xxx, W. Zhang ¶¶, S.M.A. Bierma-Zeinstra y
y Erasmus MC Medical University Center Rotterdam, Department of General Practice, The Netherlands
z Oxford NIHR Musculoskeletal Biomedical Research Unit, University of Oxford, OX3 7LD, UK
x Arthritis Research UK Centre of Excellence for Sports, Exercise and Osteoarthritis, University of Oxford, OX3 7LD, UK
k MRC Lifecourse Epidemiology Unit, University of Southampton, Southampton SO16 6YD, UK
¶ Northumbria Healthcare NHS Foundation Trust, University of Newcastle, UK
# UCSD School of Medicine, La Jolla, CA, USA
yy Instituto de Ortopedia e Traumatologia, Faculdade de Medicina, HCFMUSP, Sao Paulo, Brazil
zz Department of Radiology & Diagnostic Imaging, University of Alberta, Edmonton, Canada
 
xx Centre de Recherche Epid
emiologie et Statistique Sorbonne Paris Cit
e, Paris, France
kk University Medical Center Utrecht, Department of Rheumatology & Clinical Immunology, Utrecht, The Netherlands
¶¶ Division of Rheumatology, Orthopaedics and Dermatology, University of Nottingham, Nottingham, UK
## Arthritis Research UK Primary Care Centre, Primary Care Sciences, Keele University, UK
yyy Lund University, Department of Orthopaedics, Clinical Sciences Lund, Sweden
zzz Institute of Sports Science and Clinical Biomechanics, Department of Orthopaedics and Traumatology, University of Southern Denmark, Denmark
xxx Tufts University, Department of Medicine, Boston, USA

a r t i c l e i n f o

s u m m a r y

Article history:
Received 9 July 2015
Accepted 22 January 2016

Objective: To evaluate the efﬁcacy of intra-articular (IA) glucocorticoids for knee or hip osteoarthritis
(OA) in speciﬁc subgroups of patients with severe pain and inﬂammatory signs using individual patient
data (IPD) from existing trials.
Design: Randomized trials evaluating one or more IA glucocorticoid preparation in patients with knee or
hip OA, published from 1995 up to June 2012 were selected from the literature. IPD obtained from
original trials included patient and disease characteristics and outcomes measured. The primary outcome
was pain severity at short-term follow-up (up to 4 weeks). The subgroup factors assessed included severe
pain (70 points, 0e100 scale) and signs of inﬂammation (dichotomized in present or not) at baseline.
Multilevel regression analyses were applied to estimate the magnitude of the effects in the subgroups
with the individuals nested within each study.
Results: Seven out of 43 published randomized clinical trials (n ¼ 620) were included. Patients with
severe baseline pain had a signiﬁcantly larger reduction in short-term pain, but not in mid- and longterm pain, compared to those with less severe pain at baseline (Mean Difference 13.91; 95% Conﬁdence Interval 1.50e26.31) when receiving IA glucocorticoid injection compared to placebo. No statistical
signiﬁcant interaction effects were found between inﬂammatory signs and IA glucocorticoid injections
compared to placebo and to tidal irrigation at all follow-up points.
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Conclusions: This IPD meta-analysis demonstrates that patients with severe knee pain at baseline derive
more beneﬁt from IA glucocorticoid injection at short-term follow-up than those with less severe pain at
baseline.
© 2016 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.

Background

Methods

Given the small to moderate effect size of symptomatic
treatments in osteoarthritis (OA) and the heterogeneity of OA
patients, treatment guidelines for OA have addressed the need
for research on clinical predictors of response to these different
treatments1,2. However, the identiﬁcation of responsive subgroups is challenging. In order to ensure that the right patients
receive the right treatment, it is essential to use appropriate
methodologies. Some trials have focussed on the different OA
joint groups (e.g., hand, hip, knee or foot) and for treatment
speciﬁcally aimed at certain OA subgroups such as osteotomy for
varus knee OA3. However, to design trials on every available
treatment for every identiﬁed subgroup would be expensive and
unrealistic.
Post hoc analyses within individual trials are frequently
applied to identify subgroups with different treatment responsiveness. However, such analyses are not powered a priori and
therefore are subject to a high risk of type I and type II errors4,5.
A methodologically robust method is to test for subgroupetreatment interaction effects3. This method carries a
much smaller risk of false-positive results but requires large
sample sizes to detect the interaction between subgroup variables and treatment. A meta-analysis for quantifying interaction
effects using individual patient data (IPD) may help to overcome
the power problem in individual trials6. In a meta-analysis using
IPD, in which the data of several trials are pooled, the interaction
effects between subgroups and treatment can be reliably
assessed and potential confounders at both study and individual
patient levels can be adjusted for6.
The OA Trial Bank initiative was therefore commenced in 2010
to collect and analyse IPD of published RCTs in OA7. The OA Trial
Bank brings together data from individuals with OA recruited for
published RCTs from different countries around the world to form a
databank.
Intra-articular (IA) glucocorticoid injections are frequently
applied in knee or hip OA patients who are unresponsive to noninvasive treatments or oral non-steroidal anti-inﬂammatory
drugs (NSAIDS). An IA glucocorticosteroid injection is particularly recommended for OA patients with signs of local inﬂammation2,8e11. The Cochrane systematic review on the
effectiveness of IA glucocorticoid injection in knee OA found
some evidence for the efﬁcacy of IA glucocorticoid injections
compared to IA placebo for pain and patient global assessment
at 1 week post-injection, with evidence also for continuing efﬁcacy at 2 and 3 weeks post-injection10. It is however suggested
that especially patients with clinical evidence of inﬂammation
would beneﬁt more from IA glucocorticoid injections12. However, Jones et al. could not conﬁrm these ﬁndings13. To date, no
IPD analyses have been performed to study interaction effects in
frequently applied OA interventions. The primary aim of this
study is to evaluate the efﬁcacy of IA glucocorticoids for knee or
hip OA in speciﬁc subgroups of patients according to the severity
of pain and inﬂammatory signs, over both short- and long-term
follow-up, using IPD from published trials.

We carried out an IPD meta-analysis of RCTs studying the efﬁcacy of IA glucocorticoid injections in patients with hip or knee OA.
Full study protocol details have been published7.
Study selection
The following inclusion criteria were applied for studies to be
included in the OA Trial Bank for the current study purpose:
Type of studies
All RCTs, including crossover trials, evaluating one or more IA
glucocorticoid preparations in patients with OA of the knee or hip.
There were no language restrictions.
Participants
Participants have a diagnosis of OA of the knee or hip:
(1) According to the American College of Rheumatology (ACR)
classiﬁcation criteria14,15.
(2) On the basis of detailed clinical and/or radiographic
information.
Studies including a subgroup of knee or hip OA patients were
also included.
Types of interventions
All IA glucocorticoid preparations used for treatment of OA of
the knee or hip in humans, compared to control treatments
including: placebo, IA hyaluronan/hylan, other doses of IA glucocorticoids, usual conservative treatments, or compared to different
types of injection procedures of glucocorticoids. Trials were
grouped into three different comparisons: (1) IA glucocorticoid
injection vs placebo; (2) IA glucocorticoid injection vs hyaluronic
acids and (3) IA glucocorticoid injection vs tidal irrigation.
Types of baseline assessments
(1) Important confounders: as a minimum baseline severity of
pain, age and gender should have been assessed at baseline.
(2) If available:Signs of inﬂammation should have been assessed
at baseline, either by physical examination (warmth, effusion) or by additional testing (ultrasound, MRI, biopsy, serum
CRP/ESR).

Types of outcomes
The minimum criterion for inclusion was reporting of pain. The
primary outcome measure was pain severity at short-term (up to 4
weeks) follow-up. Secondary outcomes included pain severity at
mid-term (closest to 3 months) and long-term follow-up (closest to
12 months). Information regarding other OMERACT III core set of
outcome measures including physical function and patient global
assessment were analysed when feasible16.
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Subgroup analyses
Subgroup analyses were performed for the primary and secondary outcomes in the subgroups of patients with and without
severe pain (70 on 0e100 scale) and with and without inﬂammatory signs (yes/no).
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database and all individual trials were assigned an individual
random trial number.
Data analyses

The methodological quality of the studies was assessed using
the twelve criteria recommended by the Cochrane Collaboration
and were evaluated independently by two researchers (Appendix
2). The criteria were scored as ‘yes’ (low risk of bias), ‘no’ (high
risk of bias) or ‘unclear’. Any disagreements between the review
authors were resolved by discussion, including input from the OA
Trial Bank board members. A study with a low risk of bias was
deﬁned as fulﬁlling six or more of the criteria items.

The primary outcome was pain severity at short-term follow-up.
If available we used the VAS pain measure, otherwise the WOMAC
pain score was used, followed by other Likert scores but converted
into a VAS 0e100 scale. Secondary outcomes included pain severity
assessed at other follow-up durations (mid-term and long-term
follow-up), physical functioning (standardized to 0e100 scale)
and global assessment16.
The heterogeneity of trials was measured using I2 e the inconsistency among studies that cannot be explained by chance17. An
additional analysis was performed as appropriate by excluding the
trials causing heterogeneity in order to reach an I2 index of below
50.
Overall effects between the different comparative treatments on
the primary outcome pain at all follow-up points were estimated
using multilevel regression analyses. The analyses were adjusted
for baseline pain, age and gender. Data were not imputed since all
trials included had less than 15% of missing values.
The subgroup factors were, based on consensus, standardized to
(1) severe pain, yes (70 points) or no (<70 points) and (2) signs of
inﬂammation (yes or no). In addition separate pooled analysis was
undertaken for the different deﬁnitions of inﬂammation.
All analyses were repeated for hip and knee OA participants
separately where more than one RCTs could be included in the
analyses.
Multilevel regression analyses were applied to estimate the
magnitude of the effects in the different subgroups with the individuals nested within each study, adjusted for age and gender. To
assess potential subgroup effects, a random-effects linear regression model was used to calculate interaction effects. The model
included the dependent variable, i.e., pain intensity at follow-up
(0e100 scale) and independent variables, i.e., treatment (glucocorticoid injection or control), the effect modiﬁer (severe pain (yes
or no) or signs of inﬂammation (yes or no)), and an interaction term
(pain BY treatment or inﬂammation BY treatment). The interaction
effects represent the combined effects of severe pain or inﬂammation on pain severity and therefore represent the difference in
effectiveness for the subgroup effects of IA glucocorticoid injection
on pain severity. Interaction effects were only tested for these
comparisons including more than one RCT. Interaction effect with
P-value less than 0.05 was considered as statistically signiﬁcant,
indicating that the outcome depends on the severity of pain or
signs of inﬂammation at baseline. For statistical signiﬁcant interaction terms, separate subgroup effects were calculated to assist
the interpretation of the results. The clinical signiﬁcance of the
interaction effect was estimated by the effect size (Cohen's d e the
adjusted effect estimate of the interaction term divided by the
pooled standard deviation of the baseline pain scores). An effect
size of 0.2 was considered small and 0.5 moderate, while and effect
size >0.8 indicates a large clinical effect18.

Data extraction

Results

From the published papers, details on the interventions and
comparator groups were obtained. Data obtained from the original
databases included patient characteristics (age, gender, BMI), disease speciﬁc characteristics (ACR criteria, radiographic information,
signs of inﬂammation, duration of complaint), study characteristics
(types of interventions, doses) and outcome measures measurements (pain, function and global perceived recovery). All randomized patients with a database record were entered in the pooled

Description of the studies

Identiﬁcation of eligible studies
The following databases were searched from 1995 (based on
availability of data sets and authors) until 19 June 2012 for RCTs of
IA glucocorticoid vs control treatment for OA of the knee or hip: the
Cochrane Central Register of Controlled Trials (CENTRAL); MEDLINE
(PubMed); EMBASE, Web of Science, Scopus, Cinahl, Pedro and the
controlled trial registers (Appendix 1). In addition, reference lists
were hand searched for further identiﬁcation of published work.
Potential on-going studies were searched by Horizon scanning
documents from Arthritis Research UK (including European Patent
Ofﬁce; Intellectual Property Ofﬁce; NHS e Database of Uncertainties about the Effects of Treatments (DUETS); ISRCTN Registry of Clinical Trials; ClinicalTrials.gov; UKCRN Portfolio Database;
Australian New Zealand Clinical Trials Registry; Netherlands Trials
Register; German Clinical Trials Register).
Two review authors (MM, SB) independently selected citations
based on titles and abstracts. Full articles were obtained for the
citations that met the eligibility criteria and assessed by the two
review authors independently. The OA Trial Bank board members
were consulted if consensus was not reached.
Data collection and transfer
All corresponding authors of eligible trials were approached and
asked for their data following the OA Trial Bank protocol and
terms7. All data-deliverers signed the data delivery license agreement. Data sets were accepted in any kind of format, provided that
variables and categories were adequately labelled within the data
set or with a separate codebook. The original data collection ﬁles
were kept in their original version and saved on a secured server at
the Erasmus MC University Medical Center in Rotterdam. To ensure
quality, all data were checked for consistency and numbers were
compared with published papers. In case of differences, authors
were contacted and discrepancies were resolved.
Risk of bias assessment

Of the 420 publications identiﬁed from the literature search, 43
publications met the eligibility criteria. Of these, 13 were duplicate
publications and therefore 30 publications were eligible. A total of
23 authors were for several reasons unresponsive (Fig. 1)12,13,19e39.
Following written request, authors of seven studies agreed to
participate and were able to deliver their data to the OA Trial Bank.
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Studies identified through
database searching
(n=420)

Papers excluded on basis of
title and abstract (n=337)
Full text articles screened
for eligibility
(n=68)

Studies for which IPD
were sought
(n=30)

Studies who provided IPD
(n=7):
- Comparison 1
(4 studies, 207 patients)
- Comparison 2
(2 studies, 142 patients)
- Comparison 3
(2 studies, n=191)

Excluded (n=38)
- Publication date (n=5)
- Control intervention (n=4)
- Intervention (n=8)
- Study population (n=7)
- Study design (n=1)
- Duplicate publications (n=13)
Eligible studies from whom
IPD were not provided
(n=23):
Data no longer available (n=9)
Difficult contact (n=4)
No contact (n=6)
Not interested (n=1)
Data rights sold (n=3)

Fig. 1. Flow diagram of search and included studies.

These seven published RCTs included 620 patients fulﬁlling the
eligibility criteria and were included in the OA Trial Bank for the
current study purpose40e46. Of these, four studies41,43,45,46
compared glucocorticoids (n ¼ 116) with placebo (n ¼ 107), two
studies41,44 compared glucocorticoids (n ¼ 72) with hyaluronic acid
(n ¼ 71), two studies40,46 compared glucocorticoids (n ¼ 104) and
tidal irrigation (n ¼ 92) and one study42 compared glucocorticoids
with botulinum toxin injections (n ¼ 60). An overview of the
included studies is presented in Table I. Five studies40,42e44,46
included patients with knee OA only and two41,45 included hip OA
patients only. All studies reported on pain at both short- and midterm follow-up, while six studies reported on function outcomes
(WOMAC) and three studies reported on a global assessment.
Table II presents the baseline characteristics of the study participants for each comparison. The average age was about 65 years
and 49.7% were women. Severe pain was present in 34.4% of the
total population, with the highest number in the studies comparing
glucocorticosteroid injections with hyaluronic acids. Inﬂammatory
signs, measured in ﬁve studies, were present in 41.8% of all subjects.
The risk of bias scores of the individual studies are presented in
Table III. All studies scored positive on at least ﬁve out of 11 points,
with all studies scoring positive on the items ‘method of

randomization’, ‘compliance acceptable’ and ‘timing of outcome
assessment’. Two studies scored negative on all three blinding
issues40,41.
Overall treatment effects
A signiﬁcant overall effect on the primary outcome pain severity
at short-term follow-up was seen of IA glucocorticoid injection
compared to placebo (Mean Difference (MD) 18.72 (95% Conﬁdence
Interval (CI) 13.04e24.41)) and compared to hyaluronic acid (MD
9.38 (95% CI 5.69e13.09)) (Table IV).
At long-term follow-up there was a signiﬁcant overall negative
effect of IA glucocorticosteroid injection compared to tidal irrigation (MD 4.57 (95% CI 7.40 to 1.74)).
At mid-term a signiﬁcant overall positive effect of glucocorticoid
injection was found compared to placebo (MD 10.00 (95% CI
3.88e16.13)) but no statistical signiﬁcant differences were found at
long-term following when glucocorticoid injection was compared
to placebo.
Subgroup analyses among knee and hip OA patients separately
revealed overall signiﬁcant effects of IA glucocorticoid injection
compared to placebo at short-term in both patient populations;
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Table I
Characteristics of trials included in OA Trial Bank for IA glucocorticosteroid injections
N at baseline

Type of OA

Glucocorticosteroid
intervention

Control interventions

Outcomes

Inﬂammation

Follow-up

Arden et al.
(2008)40

150

Knee

40 mg triamcinolone
acetonide
and 2 ml
lignocaine
(n ¼ 79)

1 Tidal irrigation
(n ¼ 71)

Presence
of effusion
by physical
examination
(small/moderate/large)

2, 4, 12 and
26 weeks

Atchia et al.
(2011)41

77

Hip

Methylprednisolone
acetate
(depomedrone) 3
ml/120 mg (n ¼ 19)

Presence of
synovitis >7 mm
on ultrasound

1, 4, 8 and
16 weeks

Boon et al.
(2010)42

60

Knee

Methylprednisolone acetate
40 mg (n ¼ 20)

- Pain (VAS)
- WOMAC pain
- WOMAC physical
functioning
- WOMAC stiffness
- WOMAC total

Presence of
effusion
by physical
examination
(mild/moderate/large)

8, 12 and
26 weeks

Chao et al.
(2010)43

79

Knee

40 mg triamcinolone
acetonide (n ¼ 40)

1 Placebo
(3 mg saline)
(n ¼ 19)
2 Standard care
(n ¼ 20)
3 Hyaluronic acid
(durolane)
3 ml/60 mg
(n ¼ 19)
1 Low dose
botulinum
toxin
type A
(100 units)
(n ¼ 20)
2 High dose
botulinum
toxin
type A
(200 units)
(n ¼ 20)
Placebo
(1 cc 0.9% saline)
(n ¼ 39)

- Pain (VAS)
- WOMAC pain
- WOMAC physical
functioning
- WOMAC stiffness
- WOMAC total
- Global assessment
(5 pt Likert)
- Pain, worst (NRS)
- WOMAC pain
- WOMAC physical
functioning
- WOMAC stiffness

- Pain (VAS)
- WOMAC pain
- WOMAC total

4 and 12
weeks

104

Knee

20 mg triamcinolone
hexacetonide þ 6 ml
hylan GF20 (n ¼ 52)
10 mg bupivacaine,
40 mg triamcinolone
(n ¼ 31)

Pathologic
effusion of 5 mm
present on
ultrasound
e

de Campos et al.
(2013)44
Lambert et al.
(2007)45

Ravaud et al.
(1999)46

52

98

Hip

Knee

3.75 mg cortivazol in
1.5 ml (n ¼ 25)

Hylan GF20
(6 ml) (n ¼ 52)
Placebo (10 mg
bupivacaine,
2 ml saline)
(n ¼ 21)
1 Placebo
(1.5 ml 0.9%
saline)
(n ¼ 28)
2 Joint lavage
and IA placebo
(n ¼ 21)
3 Joint lavage and IA
corticosteroid
(n ¼ 24)

13.93 (95% CI 6.41e21.46) and 24.54 (95% CI 16.28e32.82),
respectively. At mid-term, a signiﬁcant overall effect was seen of IA
glucocorticoid injection compared to placebo in hip OA patients
only (13.58 (95% CI 3.53e23.62)) but not in knee OA patients (6.90
(95% CI 0.66 to 14.47)). No signiﬁcant treatment effects were
found at long-term follow-up in either the knee or hip OA subgroups (data not shown).
Baseline pain severity and treatment effect
A signiﬁcant positive interaction (13.91; 95% CI 1.50e26.31) was
found between severe pain at baseline and the treatment effect of
IA glucocorticoid injection compared to placebo at short-term
follow-up (Table V). This was illustrated by the statistically significantly larger reduction in short-term pain (adjusted effect estimate
28.54; 95% CI 13.56e43.51) in patients with severe pain compared

-

Pain (VAS)
WOMAC pain
WOMAC total
WOMAC pain
WOMAC physical
functioning
WOMAC stiffness
Global assessment
Pain (VAS)
Global status (VAS)

1, 4, 12 and
24 weeks

e

1, 2, 3 and 6
months

Evidence of
effusion
by clinical
assessment
(present or not)

1, 4, 12 and
24 weeks

to those with less severe pain at baseline (14.97; 95% CI 9.57e20.37)
when receiving IA glucocorticoid injection compared to placebo. No
signiﬁcant interaction effects were found between severe pain and
the treatment effect of IA glucocorticoid injection compared to
placebo at mid- and long-term follow-up. No signiﬁcant interaction
effects were found between severe pain and the treatment effect of
IA glucocorticoid injection compared to hyaluronic acid and tidal
irrigation.
Subgroup analysis on knee OA patients also revealed a signiﬁcant interaction (18.04; 95% CI 1.87e34.20) between severe pain
and IA glucocorticoid injection compared to placebo at short-term
follow-up. This was illustrated by the statistically signiﬁcantly
larger reduction in short-term pain (adjusted effect estimate 27.28;
95% CI 6.72e47.83) in patients with severe pain compared to those
with less severe pain at baseline (9.54; 95% CI 2.65e16.44) when
receiving IA glucocorticoid injection compared to placebo. No

Please cite this article in press as: van Middelkoop M, et al., The OA Trial Bank: meta-analysis of individual patient data from knee and hip
osteoarthritis trials show that patients with severe pain exhibit greater beneﬁt from intra-articular glucocorticoids, Osteoarthritis and
Cartilage (2016), http://dx.doi.org/10.1016/j.joca.2016.01.983

6

M. van Middelkoop et al. / Osteoarthritis and Cartilage xxx (2016) 1e10

Table II
Baseline characteristics of patients in the study, means (SD) (unless otherwise stated)

Age (years)
Gender, % female
BMI (kg/m2)
Hip OA, %
Knee OA, %

Total population, N ¼ 620

Comparison 1: glucocorticosteroid
vs placebo, N ¼ 222

Comparison 2: glucocorticosteroid
vs hyaluronic acids, N ¼ 142

Comparison 3:
glucocorticosteroid
vs joint lavage, N ¼ 196

64.74
308
29.82
129
491

(10.47)
(49.7%)
(5.06)*
(20.8%)
(79.2%)

64.47
91
28.44
90
132

64.15
99
29.16
38
104

(10.24)
(69.7%)
(4.73)
(26.8%)
(73.2%)

66.28
82
30.80
e
196

(9.56)
(41.8%)
(5.09)

35
205
202
71
107

(5.6%)
(33.1%)
(32.6%)
(11.5%)
(17.3%)

10
41
66
25
80

(4.5%)
(18.5%)
(29.7%)
(11.3%)
(64.0%)k

20
41
55
25
1

(14.1%)
(28.9%)
(38.7%)
(17.6%)
(0.7%)

4
107
39
20
26

(2.0%)
(54.6%)
(19.9%)
(10.2%)
(13.3%)

86.19
88
61
58.63

(122.62)
(39.6%)¶
(27.5%)
(17.58)

40.64
28
60
64.50

KL grade, %
1
2
3
4
Missing
Duration of complaints (months)
Inﬂammation, %
Severe pain (70 points), %
Pain (0e100)
*
y
z
x
k
¶
#
**
yy

76.98
259
213
59.92

(102.57)y
(41.8%)z
(34.4%)
(20.34)

(11.23)
(41%)
(4.89)x
(40.5%)
(59.5%)

(36.02)**
(19.7%)#
(42.3%)
(21.21)

69.36
110
65
57.71

(100%)

(87.22)
(56.1%)
(33.2%)
(23.02)yy

N ¼ 485.
N ¼ 495.
N ¼ 458.
N ¼ 91 (not available for Lambert and Chao).
Not available for Chao.
N ¼ 165 (not available for Lambert).
N ¼ 38 (not available for de Campos).
N ¼ 36 (not available for de Campos).
N ¼ 187.

signiﬁcant interaction was found at mid-term follow-up (5.15; 95%
CI 11.79 to 22.10). No signiﬁcant interaction effects between severe pain and IA glucocorticoid injection compared to placebo were
found in hip OA patients at any follow-up point (data not shown).
Baseline inﬂammatory signs and treatment effect
No signiﬁcant interaction effects were found between inﬂammatory signs and IA glucocorticoid injections compared to placebo
and compared to tidal irrigation at all follow-up points (Table VI).
The interaction effect between inﬂammatory signs detected by
ultrasound and IA glucocorticoid injection compared to placebo at
short-term follow-up was not statistically signiﬁcant (9.04; 95% CI
0.71 to 18.80) (Table VII).
No signiﬁcant interaction effects were found between inﬂammatory signs and IA glucocorticoid injection and placebo in knee
OA patients on both short-term (3.83; 95% CI 18.98 to 11.31) and
mid-term (1.49; 95% CI 13.96 to 16.94) follow-up. No analyses
could be performed on hip OA patients only, since only one study
was available.
Table III
Risk of bias assessment
A1 B2 C3 C4 C5 D6 D7 E8 E9 E10 E11
Arden et al. (2008)40
Atchia et al. (2011)41
Boon et al. (2010)42
Chao et al. (2010)43
de Campos et al. (2013)44
Lambert et al. (2007)45
Ravaud et al. (1999)46

þ
þ
þ
þ
þ
þ
þ

?
?
?
?
?
þ
?



þ
þ
þ
þ
þ



?
?
?
þ
þ



þ
þ
þ
þ
þ

þ
þ


þ
þ
þ

?
þ
?
?
?
þ
þ




þ
þ

þ

þ
?
þ
?
?
þ
þ

þ
þ
þ
þ
þ
þ
þ

þ
þ
þ
þ
þ
þ
þ

A1. Method of randomization adequate; B2. Treatment allocation concealed; C3.
Patient blinded to the intervention; C4. Care provider blinded to the intervention;
C5. Outcome assessor blinded to the intervention; D6. Drop-out rate described and
acceptable; D7; Randomized participants analysed in the group to which they were
allocated; E8. Groups similar at baseline regarding the most important prognostic
indicators; E9. Co-interventions avoided or similar; E10. Compliance acceptable;
E11. Timing of the outcome assessment similar in all groups.

Discussion
The IPD meta-analyses on IA glucocorticoid injection showed
that there is an overall positive, and clinically relevant (>10 points
on 0e100 scale), effect of IA glucocorticoid injection compared to
placebo at short- and mid-term follow-up, with estimate reduction
in pain of 18.7 and 10.0 (on a 0e100 scale) respectively. Compared
to hyaluronic acid injection, an overall positive effect of IA glucocorticoid injection was found at short-term only. Patients with severe baseline pain had a signiﬁcantly larger reduction in short-term
pain (adjusted effect estimate 28.54; 95% CI 13.56e43.51) than
those with less severe pain at baseline (14.97; 95% CI 9.57e20.37)
when receiving IA glucocorticoid injection compared to placebo.
The difference was well presented with the interaction term between the treatment and the subgroup indicator in the multilevel
regression model (Table V). Similar result was observed in knee OA
with a slightly greater difference between severe vs less severe
knee pain at baseline (18.04; 95% CI 1.87e34.20). However, no ﬁrm
conclusions could be drawn on the subgroup effect of inﬂammation, though a positive non-signiﬁcant trend was noted for the
effectiveness of IA glucocorticoid injection in the subgroup of patients with inﬂammatory signs measured by ultrasound. No statistically signiﬁcant interaction effects were found in the subgroup
of hip OA patients.
IA glucocorticosteroid injections are commonly applied to relieve
symptoms of knee and hip OA; however, factors predicting the
response to treatment are poorly understood. Maricar et al. aimed to
determine factors associated with response to IA glucocorticosteroid
injection by summarizing the literature47. The authors of this review
concluded that no consistent predictors of response were identiﬁed
for IA glucocorticosteroid injection in knee OA. However, effusion,
absence of synovitis, delivering injections under US guidance,
structural severity of disease and pain were features that were reported by individual studies as enhancing the response of IA glucocorticosteroid injections12,13,40,43,48.
The current meta-analysis aimed to identify the possible subgroup effects of severe pain and inﬂammatory signs. In agreement
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Table IV
Overall effectiveness on primary outcome pain severity (0e100 scale)
N total

N intervention group

IA glucocorticosteriod versus placebo (N ¼ 222)
207
107
Short-term (four trials)41,43,45,46
Mid-term (four trials)41,43,45,46
181
98
Long-term (two trials)45,46
71
42

N control group

Effect estimate (95% CI)

Adjusted effect estimate* (95% CI)

I2

P-value

100
83
29

17.74 (11.65; 23.82)
7.99 (1.44; 14.53)
6.54 (6.94; 20.02)

18.72 (13.04; 24.41)
10.00 (3.88; 16.13)
6.25 (8.59; 21.10)

67%
67%
0%

<0.001
0.002
0.403

IA glucocorticosteriod versus hyaluronic acid (N ¼ 142)
Short-term (two trials)41,44
142
71
Mid-term (two trials)41,44
131
66
Long-term (one trial)44
93
47

71
65
46

9.06 (5.05; 13.08)
0.66 (3.46; 4.77)
0.38 (5.01; 4.25)

9.38 (5.69; 13.09)
0.97 (2.96; 4.90)
0.22 (4.30; 4.75)

0%
0%
n.a.

<0.001
0.627
0.921

IA glucocorticosteriod versus tidal irrigation (N ¼ 196)
Short-term (two trials)40,46
191
102
Mid-term (two trials)40,46
179
93
Long-term (two trials)40,46
172
90

89
86
82

0.83 (1.63; 3.30)
1.60 (4.36; 1.16)
4.85 (7.68;2.02)

1.08 (1.31; 3.47)
1.21 (3.83; 1.41)
4.57 (7.40; 1.74)

51%
51%
51%

0.374
0.363
0.02

*

Adjusted for baseline pain, age and gender; statistical signiﬁcant differences (P < 0.05) in bold; n.a. not applicable.

Table V
Interaction effects of severe pain (70 points) with IA glucocorticoid injection for primary outcome pain severity (0e100 scale)
Severe pain n/N
glucocorticosteroid group

Severe pain n/N
control group

Unadjusted interaction
effect estimate (95% CI)

Adjusted interaction
effect estimate* (95% CI)

Effect size

Adjusted P-value for
interaction term

IA glucocorticosteroid injection vs placebo (four trials)
Short-term pain41,43,45,46
28/107
30/100
Mid-term pain41,43,45,46
26/98
19/83
45,46
Long-term pain
15/42
11/29

14.93 (2.24; 27.63)
3.01 (10.66; 16.87)
4.23 (32.56; 24.09)

13.91 (1.50; 26.31)
1.84 (11.27; 14.94)
4.31 (33.73; 25.11)

0.56
0.07
0.17

0.028
0.782
0.771

IA glucocorticosteroid injection vs hyaluronic acid (two trials)
Short-term pain41,44
33/71
27/71
Mid-term pain41,44
31/47
25/65

0.85 (7.05; 8.76)
4.68 (12.82; 3.45)

3.11 (4.36; 10.59)
3.15 (11.14; 4.85)

0.10
0.10

0.412
0.438

1.28 (3.68; 6.24)
0.28 (5.77; 5.21)
3.42 (2.44; 9.29)

0.04
0.01
0.10

0.610
0.919
0.251

IA glucocorticosteroid injection vs tidal irrigation (two trials)
Short-term pain40,46
32/96
33/87
Mid-term pain40,46
29/88
28/83
Long-term pain40,46
28/85
27/79

1.85 (3.19; 6.90)
0.30 (5.44; 6.05)
4.12 (1.82; 10.06)

statistical signiﬁcant differences (p<0.05) in bold.
*
Adjusted for age and gender and baseline pain.

Table VI
Interaction effects of inﬂammation with IA glucocorticoid injection for primary outcome pain severity (0e100 scale)
Inﬂammation n/N
intervention group
IA glucocorticosteroid vs placebo (three trials)
Short-term pain41,43,46
39/77
Mid-term pain41,43,46
39/71

Inﬂammation n/N
control group

Unadjusted interaction
effect estimate (95% CI)

Adjusted interaction
effect estimate* (95% CI)

Effect size

Adjusted P-value
for interaction term

43/79
34/66

2.14 (11.36; 15.65)
3.76 (10.52; 18.04)

7.34 (4.97; 19.65)
11.08 (1.34; 23.50)

0.29
0.44

0.24
0.08

1.29 (3.68; 6.25)
1.68 (3.94; 7.30)
4.25 (1.50; 10.00)

0.73 (4.07; 5.53)
1.77 (3.47; 7.01)
5.24 (0.35; 10.84)

0.02
0.05
0.16

0.765
0.505
0.066

IA glucocorticosteroid vs tidal irrigation (two trials)
Short-term pain40,46
60/102
47/89
Mid-term pain40,46
58/93
46/86
40,46
Long-term pain
57/90
43/82
*

Adjusted for age and gender and baseline pain.

Table VII
Interaction effects of inﬂammation measured by ultrasound with IA glucocorticoid injection for primary outcome pain severity (0e100 scale)
Total N

Inﬂammation n/N
intervention group

IA glucocorticosteroid vs placebo (two trials)
Short-term pain41,43
103
29/52
Mid-term pain41,43
96
29/49
*
y
z

Inﬂammation n/N
control group

Unadjusted interaction
effect estimate (95% CI)

Adjusted interaction
effect estimate* (95% CI)

Effect size

Adjusted P-value
for interaction term

27/51
25/47

9.22 (5.21; 23.64)
6.53 (9.18; 22.24)

9.04 (0.71; 18.80)y
7.14 (4.27; 18.55)z

0.39
0.31

0.069
0.217

Adjusted for age and gender and baseline pain.
Baseline pain: 0.84 (0.69; 0.99), P < 0.001.
Baseline pain: 0.82 (0.65; 0.99), P < 0.001.

with Maricar et al.47 we found a signiﬁcant and clinically relevant
interaction effect (moderate effect with effect size 0.56) between
severe pain at baseline and IA glucocorticosteroid injection. Severe
pain was deﬁned as a pain score higher than 70 points on a 0e100
scale. Earlier studies have indicated that radiographic severity of

knee OA would be predictive to response on IA glucocorticosteroid
injection40,49 while self-perceived symptom severity was not found
predictive for the treatment response in two other studies12,50. The
fact that different outcomes are seen between these studies and our
meta-analyses could be due to the small sample size of the
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individual studies and the difference in studies included. Following
our protocol, we analysed the subgroup effect of patients with severe pain on an easy applicable measure for clinical practice. The
results of this meta-analysis indicate that both patients with and
without severe pain at baseline clinically beneﬁt from IA glucocorticosteroid injection compared to placebo at short-term followup. Although patients with severe pain achieved signiﬁcantly more
beneﬁt from IA glucocorticosteroid injection compared with patients with less severe pain, with a clinically relevant difference of
14 points on a 0e100 pain scale. This effect seems to be most
predominant in knee OA patients since no signiﬁcant interaction
effects were found in the small hip OA patient subgroup. However,
no statistical signiﬁcant subgroup effects were found on any of the
other follow-up points or between the other comparisons. This is
however consistent to the overall effect of IA glucocorticosteroid
injection, primarily showing signiﬁcant effects at short-term
follow-up, with the largest, and clinically relevant, effect found at
short-term follow-up, comparing IA glucocorticosteroid injection
to placebo.
OA is sometimes considered a non-inﬂammatory degenerative
disease, however it is now recognized that inﬂammation may
play a role in the pathogenesis in at least some patients. IA glucocorticosteroid injections have been used for the treatment of
OA for many years and it has been suggested that these injections
are most effective in patients with evidence of inﬂammation on
physical examination. The main indication for IA glucocorticoid
use is to provide pain relief in patients whose condition remains
unresponsive to or intolerant of oral systemic medication45.
However, conﬂicting effects have been found in the different
subgroups and most individual studies were underpowered to
examine subgroup effects in OA populations12,43. In our pooled
IPD meta-analysis a non-signiﬁcant positive interaction was
found for the short- and mid-term treatment response on IA
glucocorticosteroid injection compared to placebo for patients
with inﬂammatory signs, detected by ultrasound. However, by
removing baseline pain from the adjusted analyses, the positive
interaction between the ultrasound inﬂammation and the treatment was no longer seen. Therefore it seems that severe pain is
the best and most easy measure to predict the treatment
response of IA glucocorticosteroid injections of patients with
knee or hip OA.
Strengths and limitations
The key strength of this study is that we used IPD from seven
trials giving the study greater power than any of the individual
studies that have been conducted on potential predictors of
response for the treatment of IA glucocorticoid injection in patients
with knee or hip OA. There was some heterogeneity within the ﬁrst
comparison (see Table IV). Therefore we repeated the analyses for
both short- and mid-term subgroup effects of IA glucocorticoid
injections compared to placebo by excluding the study of Chao et al.
(reduction of I2 to 0%). This did however result in comparable effect
estimates. In addition, all analyses performed were predeﬁned and
described in our published protocol7. There are also several limitations. Based on the literature we approached the authors of 43
potential eligible publications, including 13 duplicate publications.
Of the 30 potentially available studies only seven authors agreed to
participate. As a consequence, only two studies could be included
for the analyses comparing IA glucocorticoid injection with hyaluronic acid and tidal irrigation and a possible selection bias might
have occurred. This proves the challenge of collecting data of performed RCTs. Authors of nine publications indicated that the data
were no longer available and data rights of an additional three RCTs
were sold. This strengthens the rationale for the recent initiative of

journals to require authors to make trial data accessible on
reasonable request.
We included the study of Boon et al. which was not included in
the subgroup analyses since this was the only study comparing IA
glucocorticoids with botulinum toxin. Since our intention was to
include all studies with non-surgical comparators, we decided to
include this study in the OA Trial Bank despite that this intervention
was not pre-speciﬁed in our protocol paper.
We planned to perform subgroup analyses on both severe pain
and signs of inﬂammation, however only four of the six studies
included in the analyses actually measured signs of inﬂammation.
As a consequence, the subgroup effect of inﬂammation could not be
calculated for the comparison between IA glucocorticoid injection
and hyaluronic acids and long-term analysis was only possible for
the comparison between IA glucocorticoid injection and tidal irrigation. In addition, the subgroup analyses for inﬂammation are
likely to be underpowered due to the low number of subjects
included. Since inﬂammation was measured and reported in many
different ways, it is therefore recommended that special interest
groups will reach consensus on these measures to allow metaanalyses in future.
Finally, we were forced to make some amendments on our
published protocol7. We intended to adjust for at least age, gender
and BMI. However, since not all studies collected data to calculate
the BMI, we were not able to adjust the analyses for BMI.
Clinical implications
This IPD meta-analysis shows that patients with severe pain at
baseline signiﬁcantly more beneﬁt from IA glucocorticoid injection
than those with less severe pain at short-term follow-up. However,
both patients with and without severe pain show clinical relevant
effects (>10 points on 0e100 pain scale) of IA glucocorticoids at
short-term follow-up. No ﬁrm conclusions can be drawn on the
additional beneﬁt of IA glucocorticoid in the subgroup of patients
with inﬂammatory signs due to the limited power of the study for
this subgroup. Since severe pain is easy to measure in patients in
daily practice, we suggest to use this measure to identify those
patients with knee or hip OA who would beneﬁt the most from IA
glucocorticoid injections.
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