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Synovitis and bone marrow lesions associate with symptoms and
radiographic progression in hand osteoarthritis: a systematic review
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Aims: To systematically review observational studies for the association between features detected on
ultrasound (US) and magnetic resonance imaging (MRI) and, symptoms, signs and radiographic pro-
gression of hand osteoarthritis (OA).
Methods: Medline, Web of Science, EMBASE, CINAHL and AMED were searched from inception to 14th

January 2020 to identify relevant studies. Quality of studies was assessed using the NewcastleeOttawa
scales and data were extracted. Odds ratios (OR) and linear regression coefficients and 95% confidence
intervals (CI) were pooled using the random-effects model (METAN package, Stata v16.1). Heterogeneity
and publication bias were assessed.
Results: Thirty-two studies using US and MRI comprising 1,350 and 638 participants respectively were
included. While only grey-scale synovitis (GSS) associated with AUSCAN-pain (pooled Regression coef-
ficient (95% CI): 0.46 (0.13e0.79); 0e20 scale for AUSCAN-pain), US-detected osteophytes, GSS and po-
wer Doppler (PD) [pooled ORs (95% CI): 2.68(2.16e3.33), 2.38(1.74e3.26) and 2.04 (1.45e2.88)] as well as
MRI-detected bone marrow lesions (BMLs), synovitis, osteophytes, and central bone erosions (CBEs)
associated with joint tenderness [pooled ORs (95% CI): 2.59(2.12e3.18), 2.17(1.85e2.54), 2.15(1.55e2.99),
and 2.41 (1.45e4.02)] respectively. US-detected GSS and PD associated with radiographic progression of
CBEs [pooled ORs 5.37, 5.08], osteophytes [pooled ORs 5.17, 6.45], and joint space narrowing (pooled ORs
4.28, 4.36) whilst MRI-detected synovitis and BMLs associated with increasing KL grades with pooled
ORs 2.92, 2.54 respectively.
Conclusions: US and MRI-detected structural and inflammatory changes associate with tenderness,
whilst articular inflammation and subchondral bone damage associate with radiographic hand OA
progression. There was inconsistent relationship between these changes and pain.
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Introduction

Osteoarthritis (OA) is the commonest form of arthritis to affect
synovial joints1 including joints in the hands2,3. The prevalence of
symptomatic hand OA ranges between 13% and 41% in adults4e6,
and increases with age. People with hand OA often experience pain,
stiffness, functional impairment, and reduced quality of life7e9,
especially those with thumb-base OA or when there is severe
damage to the interphalangeal (IP) joints10,11. However, the rela-
tionship between structural and inflammatory changes in the
affected hand joints, and symptoms and disease progression is
poorly understood.
td. All rights reserved.
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A number of relatively small cross-sectional and cohort studies
have examined ultrasound (US) and magnetic resonance imaging
(MRI) features as biomarkers of hand symptoms12e15, and as de-
terminants of hand OA progression16,17. Varying findings have been
reported in these studies, and a systematic review examining the
association between these findings, and symptoms, signs, and
disease progression has not been performed. It is important to
systematically review the literature in order to provide a better
understanding of the contribution of structural (e.g., osteophyte,
joint space narrowing), subchondral bone (e.g., bonemarrow lesion
(BML)) and inflammatory (e.g., synovitis) changes to symptoms of
hand OA, and to identify patients at high risk of disease progression
so that they may be managed adequately with therapy input,
analgesia, or intra-articular corticosteroid injections. Improved
understanding of these factors will also facilitate their prioritisation
as stratification factors and/or inclusion criteria in hand OA clinical
trials.

Synovitis is implicated as a cause of pain in OA18 and asso-
ciates with disease progression19. At the knee, the most often
studied site in OA, both US and MRI detected synovial changes,
and MRI detected bone marrow lesions (BMLs) associate with
pain20,21, while MRI-detected synovitis associates with increased
risk of progression of OA22. On the contrary, other features such
as osteophytes and cartilage loss assessed using MRI have not
been associated with pain in knee OA23,24. Thus, we hypothe-
sized that some features of hand OA such as synovitis, and
subchondral bone marrow changes will associate with symp-
toms, and disease progression. The purpose of this study was to
systematically review observational studies investigating the
association between features of OA detected on US or MRI and,
symptoms, signs and radiographic progression in people with
hand OA.

Methods

A systematic review protocol was developed and registered in
PROSPERO (CRD42018095677).

Literature search

The systematic literature search was performed in Ovid Med-
line, Embase, CINAHL, AMED and Web of Science databases from
inception until April 2018 and updated on 14th January 2020. The
search aimed to retrieve all manuscripts utilising US or MRI studies
that investigated hand OA. The search included three domains: (a)
hand OA, (b) US and MRI features, and (c) symptoms and
signs. Keywords were “hand”, “osteoarthritis” “synovial effusion”,
“synovial hypertrophy”, “grey-scale synovitis” (GSS), “power
Doppler” (PD), “bone marrow lesions” (BMLs), “osteophytes” “joint
space narrowing” (JSN), “central bone erosions” (CBEs) and
“symptoms”, their synonyms and closely related words. See Sup-
plementary Table S1 for details of the search strategy. Reference
lists of relevant retrieved articles were checked manually to
identify any relevant publications not captured by the main search,
and retrieved titles and abstracts were managed in Endnote X8.0.1
(Bld. 10,444).

Inclusion and exclusion criteria

Studies were selected if they were observational studies, i.e.,
caseecontrol, cross-sectional, and prospective or retrospective
cohort studies, recruiting adults (age > 18 years) with hand OA,
and investigating association between features detected on US or
MRI and (1) symptoms/signs, or (2) radiographic progression of
hand OA. Data from caseecontrol and cross-sectional studies were
used to examine association between changes detected on US or
MRI and clinical features of hand OA, whereas data from cohort
studies were used to assess the association between changes
detected on US or MRI and radiographic progression. Studies
investigating other forms of arthritis, e.g., rheumatoid arthritis or
psoriatic arthritis, and non-human studies were excluded. Con-
ference abstracts were excluded as they contain insufficient data
for a systematic review. Randomised controlled trials (RCTs) were
also excluded as the natural history of the disease has been
changed by intervention and they are restricted by rigid inclusion
and exclusion criteria. No language restrictions were applied in the
search.

Data extraction and outcome measures

Data extraction was performed using a customised form spe-
cifically developed for this review. Information extracted included
publication year, country, source of funding, population charac-
teristics (mean age, % female, mean body mass index (BMI)),
diagnostic criteria used, study design, imaging modalities used,
joints assessed, and measures of effect such as odds ratio (OR), risk
ratios (RR), correlation coefficient (r), linear regression coefficient
(R) and 95% confidence intervals (CI) between features detectable
on US or MRI and clinical, and radiographic outcomes. US and
MRI features of interest included osteophytes, CBEs, JSN, effusion,
synovitis, power Doppler (PD) and BMLs. Clinical outcomes
examined were:

(a) symptoms: participant-reported hand pain, functional
impairment and stiffness measured using any relevant hand
OA outcome measure including but not limited to the
Australian/Canadian Osteoarthritis Hand Index (AUSCAN),
Visual-Analogue-Scale (VAS) and functional index for hand
OA (FIHOA), and

(b) investigator-assessed physical sign: joint tenderness (pain on
palpation).

Where a study utilised multiple hand OA outcome measures,
data from only AUSCAN, VAS and functional index for hand OA
(FIHOA) were included in the analysis. Radiographic outcomes
investigated were incidence (for unaffected joints at baseline) or
progression (for joints with less severe abnormality at baseline) of
osteophytes, JSN, CBEs, and worsening Kellgren Lawrence (KL)
grade at follow-up. Where multiple publications utilised data from
the same set of participants and reported the same outcome
measures, the publication with the largest sample size was
included in the review. However, if different outcomes were re-
ported from the same cohort in different manuscripts all such
publications were included in the review to maximise the available
data.

Quality assessment

The NewcastleeOttawa scale (NOS) for caseecontrol and cohort
studies25 and a modified NOS for cross-sectional studies26 were
used. These assessments take account of selection bias, compara-
bility based on analysis, and outcome reporting. The modified NOS
for cross-sectional studies additionally also includes justification of
sample size as part of quality assessment26. Assessing quality based
on sample size is reasonable since small studies tend to over-esti-
mate effect size that may be used as a surrogate of poor quality27.
The quality assessment uses the star system, ranging from 0 to 9
stars for caseecontrol and cohort studies, and 0e10 stars for
cross-sectional studies. A higher number of stars represents better
quality.
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Validation of review steps

The screening of titles, abstracts and full-texts, data extraction,
and risk of bias assessment were performed by one reviewer (AO).
Three second reviewers (JK, SS, and KY), already trained in sys-
tematic review methods, independently repeated each step on a
randomly selected sample for validation. JK screened titles and
abstracts of 100 randomly selected citations. SS screened full text
and assessed risk of bias on a randomly selected 10% (n ¼ 18) and
20% (n ¼ 6) of eligible articles respectively, while KY extracted data
of a randomly selected 10% (n¼ 6) of eligible articles. Discrepancies
were discussed and resolved with an experienced reviewer (AA).
Statistical analysis

Data analysis was performed using StataSE version 16.1, where
Rs (95% CI) for cross-sectional association between features
detected on US andMRI and symptomswere pooled using random-
effects model with restricted maximum-likelihood (REML) method
in the METAN package. ORs (95% CIs) for association between
Fig. 1

Literaturesearchandscreening
flow diagram. AMED- Allied
and Complementary Medicine
Database; CINAHL- Cumula-
tive Index to Nursing and Allied
Health Literature; MRI- Mag-
netic Resonance Imaging; OA-
Osteoarthritis; RCTs- Ran-
domized Controlled Trials; US-
Ultrasonography.
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features detected on US and MRI and, signs and radiographic pro-
gression were separately pooled using the METAN package (please
see APPENDIX A and Supplementary Methods in Supplementary
file for details). Heterogeneity was assessed using the I2 test. This
was interpreted according to the Cochrane reviews classification
(0e40% - might not be important; 30e60% - may represent mod-
erate heterogeneity; 50e90% - may represent substantial hetero-
geneity; 75e100% - considerable heterogeneity)28. Publication bias
was assessed using the Egger's test. The 95% CI and p-values were
used for statistical significance.

Results

Study selection

The database searches identified 6,095 citations. After dedupli-
cation and screening of titles and abstracts, 183 citations were
selected for full-text screening. Of these, 32 met the inclusion
criteria, including 19 using only US (13 association and seven pro-
gression), 11 using only MRI (7 association and four progression)
and two using both US andMRI (1 association and one progression)
(Fig. 1). Agreement between AO and JK, SS and KY for screening/
extraction procedures and risk of bias assessment were all excellent
at 96%, 100% and 94%, and 97%, respectively.

Study characteristics

The 32 studies were conducted in eight countries: the Nether-
lands13,17,29e38, Norway14,39e46, United Kingdom12,47,48, France49,50,
Italy16,51, Australia15,52, Greece53, and Brazil54. They included 13
cohort, 3 caseecontrol, and 16 cross-sectional studies, and the vast
majority of studies (30 of 32 studies) recruited participants from
specialist hospital clinics. Their combined sample size was 1,350
(72% women) and 638 (87% women) participants for US and
MRI studies, respectively. The mean age and BMI of participants
included in the US and MRI studies was 65.5 years and 27.2 kg/m2,
and 61.5 years and 26.3 kg/m2, respectively. All MRI studies
recruited from hospital clinics, whereas two studies that investi-
gated US in hand OA recruited from the community (n ¼ 612, 54%
women)15,52. The mean age and BMI of participants recruited from
community setting in these two US studies was higher than those
recruited in US studies from hospital clinics (71.3 years vs 60.7
years, and 28.2 kg/m2 vs 26.0 kg/m2). A description of the included
studies is reported in Supplementary Table S2.

Quality assessment

The median quality scores were 8 (0e9 scale) for cohort, 6 (0e9
scale) for caseecontrol and 7 (0e10 scale) for cross-sectional
studies (Supplementary Table S3(A)e(C)).

In addition to this, there was considerable heterogeneity in the
way data was categorised and analysed in the included studies
(Supplementary Table S2). For instance, US and MRI features were
described either dichotomously (present or absent) or as sum of
scores (summation of grades of each pathology from all joints
imaged), joint count (number of joints affected) or quantitatively in
terms of thickness or length of the abnormality detected. This
limited pooling of the data.

Association between features detected on US or MRI and clinical
outcomes

The association was investigated in 20 studies: 13 using
US12,13,15,29,33,45e49,52e54, seven using MRI14,34,36e38,50,51 and one
using both US and MRI35. Summated grades of grey-scale synovitis



Imaging features AUSCAN pain VAS pain AUSCAN function AUSCAN stiffness

No. of affected joints Pooled odds ratio (95% CI) [I2 in %]
Grey-scale synovitis 1.16 (0.81, 1.66) [0.0] 1.27 (0.91, 1.78) [0.0] 1.29 (0.97, 1.72) [0.0] 1.34 (0.99, 1.83) [0.0]
Power Doppler 1.27 (0.95, 1.69) [0.0] 0.73 (0.16, 3.23) [83.1] 1.35 (0.99, 1.84) [0.0] 1.40 (1.03, 1.91) [0.0]
Osteophytes 0.90 (0.41, 2.02) [57.7] 1.29 (0.95, 1.76) [0.0] 1.21 (0.89, 1.64) [0.0] 1.33 (0.98, 1.82) [0.0]
Summated grades Pooled linear regression coefficient (95% CI) [I2 in %]
Grey-scale synovitis 0.46 (0.13, 0.79)* [0.0] 0.35 (�1.41, 2.10)** [0.0] 0.31 (�0.28, 0.89)*** [0.0] e

Power Doppler 0.10 (�0.85, 1.05)* [34.39] 4.87 (�6.20, 15.95)** [81.4] 0.39 (�0.88, 1.67)*** [21.11] e

Osteophytes e �0.20 (�0.74, 0.35)** [0.0] e e

AUSCAN-Australian/Canadian Hand Osteoarthritis Index, VAS-Visual Analogue Scale, *-(0e20 scale), **-(0e100 mm scale), ***-(0e36 scale). Two studies (n ¼ 554) were
used to derive pooled odds ratio while three studies (n ¼ 438) were used to derive the pooled regression coefficient.

Table I Pooled effect sizes for the cross-sectional association between ultrasound features and symptoms Osteoarthritis
andCartilage
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(GSS) associated with AUSCAN-measured pain [pooled R (95% CI)
0.46 (0.13e0.79); 0e20 AUSCAN-pain scale]13,46 but not with VAS
pain [0.35 (�1.14, 2.10); 0e100 mm scale]13,15. Similarly, the num-
ber of joints with PD associated with AUSCAN stiffness (pooled
Odds ratios (OR) (95% CI) 1.40 (1.03e1.91)) but not with AUSCAN
pain [1.27 (0.95, 1.69)], VAS [0.73 (0.16, 3.23)] or AUSCAN physical
function [1.35 (0.99, 1.84)]12, 52. Further analysis using the number
of joints with osteophytes showed no association with symptoms
(Table I). Heterogeneity between studies involved in these analyses
was unimportant except for the meta-analyses between PD and
VAS pain, for which there was considerable heterogeneity, and
between osteophyte and AUSCAN pain, for which there was mod-
erate heterogeneity (Table I).

Six MRI studies investigated symptoms14,36e38,50,51. Of these,
three found no associations36,37,50. However, associations were
observed between FIHOA and synovitis, osteophytes, and JSN in one
study (n ¼ 85)14, and in other studies VAS-measured pain associ-
ated with synovitis, osteophytes38, and CBEs51. Data could not be
Number
of studies

Study size

Ultrasound features
Osteophytes 2 117
Effusion 3 197
Grey-scale synovitis 3 432
*Grey-scale synovitis 2 377
Power Doppler 4 487
*Power Doppler 2 377
MRI features in DIP and PIP joints
Osteophytes 2 141
Joint space narrowing 2 141
Central bone erosions 3 152
yBone marrow lesions 5 781
ySynovitis 5 781

* Analysis included pathologies present in thumb-base only.
y Analysis included pathologies present in both thumb-base and interphalangeal jo

langeal, PIP-proximal interphalangeal, MRI- Magnetic Resonance Imaging.

Table II Cross-sectional association between ultrasound/MR
tenderness
meta-analysed because estimates of association were not reported
and results were narratively described in the majority of studies
(Supplementary Table S4(A) and (B)).

Several US and MRI features associated with joint tenderness,
the pooled ORs (95% CI) derived from five US studies33,35,46,48,49

being 2.68 (2.16e3.33) for osteophytes, 2.38 (1.74e3.26) for GSS
and 2.04 (1.45e2.88) for PD. Similar results were observed for MRI
features from five studies14,34,36,37,51, with pooled ORs (95% CI) of
2.59 (2.12e3.18) for BMLs, 2.17 (1.85e2.54) for synovitis, 2.15
(1.55e2.99) for osteophytes, and 2.41 (1.45e4.02) for central bone
erosions (CBEs). However, no association was observed between
joint tenderness and US-detected effusion (1.76 (0.78, 3.99)) or
MRI-detected JSN (1.99 (0.69, 5.74)) (Table II). Heterogeneity be-
tween studies was substantially high for US effusion, GSS, and PD,
moderate for MRI JSN and CBEs and, unimportant for US osteo-
phytes and MRI BMLs, synovitis and osteophytes (Table II). The
funnel plots for visual assessment of publication bias were slightly
asymmetric particularly for US features (Supplementary Fig. S1).
Pooled odds
ratio (95% CI)

I2% (Pheter) Publication
bias

2.68 (2.16e3.33) 0.0 (0.906) e

1.76 (0.78e3.99) 81.1 (0.005) 0.374
2.38 (1.74e3.26) 71.1 (0.031) 0.088
2.03 (0.68e6.08) 84.5 (0.011) e

2.04 (1.45e2.88) 62.6 (0.045) 0.006
2.07 (0.70e6.16) 84.0 (0.012) e

2.15 (1.55e2.99) 0.0 (0.760) e

1.99 (0.69e5.74) 40.3 (0.196) e

2.41 (1.45e4.02) 46.6 (0.154) 0.058
2.59 (2.12e3.18) 0.0 (0.763) 0.222
2.17 (1.85e2.54) 0.0 (0.727) 0.376

ints, CI-confidence interval, (Pheter)-p value for heterogeneity, DIP-distal interpha-

I features of hand osteoarthritis and joint Osteoarthritis
andCartilage
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However, small study effect was only confirmed for PD (Table II).
See Supplementary Table S5(A) and (B) for findings from individual
studies for joint tenderness.

Excluding data for studies that did not report separate findings
for the first carpometacarpal (CMC) joints, we observed that GSS
and PD in the first CMCJ did not associate with joint tenderness
[pooled ORs 95% CI: 2.03 (0.68, 6.08) and 2.07 (0.70, 6.16),
respectively]35,46. It was not possible to perform this analysis for
other US features because most studies presented composite re-
sults for interphalangeal (IP), metacarpophalangeal (MCP), and
first CMC joints (n ¼ 7)12, 13, 29, 33, 48, 52, 53, while others assessed
only IPJs (n ¼ 3)45, 49, 54 and thumb-base (n ¼ 3)15, 35, 47. One
study assessed IP and first CMC joints and presented separate
results46.

US and MRI features and progression of radiographic changes

This was examined in 13 studies including eight using
US16,17,29e31,39,40,47, four using MRI32,42e44, and one using both im-
aging modalities41. One US study was excluded due to intra-artic-
ular injection offered to all participants between baseline and
Fig. 2

Forest plot of odds ratio between ultrasound features
changes in hand osteoarthritis. For radiographic bone er
progression were pooled together in this analysis. The u
pooled odds ratio and the corresponding confidence interv
narrowing, Pub. Year-publication year.
follow-up visits47. The pooled ORs (95% CI) for association between
GSS and progression of osteophytes, JSN, and CBE change was
[pooled OR (95% CI)]: 5.17 (3.24e8.25), 4.28 (3.29e5.57), and 5.37
(3.12e9.26) respectively (4 studies, n ¼ 159)16,17,31,39. Finally, PD
associated with progression of osteophytes, JSN, and CBEs with the
pooled ORs (95% CI) of 6.45 (3.20e12.97), 4.36 (2.94e6.48), and
5.08 (3.14e8.20), respectively (4 studies, n ¼ 159)16,17,30,39 (Fig. 2).
Similar results were observed between MRI features and progres-
sion of KL grade, the ORs (95% CI) pooled from two studies (n¼ 161)
being 2.92 (2.01e4.25) for synovitis and 2.54 (1.72e3.76) for
BMLs32,44 (Fig. 3). Heterogeneity between studies was not sub-
stantial for all analyses except for association between GSS/PD and
progression of osteophytes. There was no evidence for publication
bias (Supplementary Fig. S2).

Furthermore, baseline PD independently associated with the
development of new radiographic CBEs (pooled OR (95% CI): 4.25
(2.25e8.04), whereas no associationwas demonstrated for effusion
and GSS, the OR (95% CI)) pooled from two studies being 2.18
(0.64e7.40) and 3.14 (0.49, 20.17), respectively (n ¼ 81)16,30 (Fig. 4).
Further analyses were performed based on the severity of US and
MRI features at baseline. A dose-dependent relationship was
and incidence or progression of radiographic
osion change as outcome, both incidence and
nfilled diamond in the forest plot indicates the
als (CI) for each imaging feature. JSN-joint space
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Fig. 3
Forest plot of the association between magnetic resonance imaging features and progression of radio-
graphic changes in hand osteoarthritis. The unfilled diamond in the forest plot indicates the pooled odds
ratio and the corresponding confidence intervals (CI) for each imaging feature. Pub-publication.
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observed between presence of GSS, PD and MRI synovitis at base-
line, and progression of radiographic osteophytes, JSN, and KL grade
(Table III).

Two studies reported the association between US and MRI-
detected structural features and radiographic hand OA progression
in the same set of participants. One investigated US detected
osteophytes and found associations with incident radiographic
osteophytes, JSN and KL grade40 while the other investigated
MRI osteophytes, JSN and CBEs and found association with
incident radiographic CBEs44 (See details Supplementary
Table S6(A) and (B)).

Discussion

This is the first systematic review to examine the association
between US and MRI-detected changes and (a) clinical features,
and (b) radiographic progression in people with hand OA. The key
Fig. 4 Association between ultrasound features and incident bon
findings are: [1] inconsistent evidence for association between
features of joint inflammation (detected on either US or MRI) and
symptoms of hand OA; [2] consistent evidence that joints with US
or MRI-detected inflammatory or structural features are 2e3 times
more likely to be tender than unaffected joints in hand OA; and [3]
consistent evidence that joints with US or MRI-detected inflam-
matory features and MRI BMLs, are 2e6 times more likely to
either develop a new radiographic abnormality or to show wors-
ening of pre-existing radiographic change, with a dose response
relationship.

US-detected osteophyte, GSS and PD signal as well as MRI-
detected osteophyte, CBE, BMLs and synovitis were consistently
associated with joint tenderness in hand OA. Although, the asso-
ciations with symptoms appeared to be inconsistent, our pooled
results suggest that inflammatory features such as GSS and PD
associate with symptoms of hand OA. For instance, we observed
that a unit increase in the sum score of GSS (minimum value 0,
e erosion. Osteoarthritis
andCartilage
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Baseline Imaging features Follow-up outcomes Pooled Odds Ratio (95% CI) [I2 in %]

Grey-scale Synovitis grades* 0 1 2 3
Osteophytes progression 1 3.89 (1.69e8.96) [83.8] 7.33 (5.32e10.09)y [0.0] e

JSN progression 1 3.78 (2.74e5.23) [0.0] 3.91 (2.61e5.86) [0.0] 11.51 (5.71e23.18) [0.0]
Power Doppler grades* 0 1 2 3

Osteophytes progression 1 4.35 (1.87e10.16) [69.7] 15.09 (8.24e27.63)y [0.0] e

JSN progression 1 3.27 (2.02e5.31) [0.0] 8.05 (4.29e15.13)y [0.0] e

MRI Synovitis grades$ 0 1 2 3
KLG progression 1 2.00 (1.32e3.03) [0.0] 5.01 (1.81e13.88)y [72.2] e

* [2 studies, n ¼ 134, I2 ¼ ]; $[2 studies, n ¼ 130, I2 ¼ ].
y [cut-off � grade 2 ]; CI-confidence interval.

Table III Doseeresponse analysis for association between features detected on US and MRI and progression of
radiographic changes
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maximum value 30e90 depending on the number of joints exam-
ined) is accompanied by an increase of 0.5 in the 20-point AUSCAN
pain score. Thus a modest 4-point increase in summated GSS score
will result in clinically significant change in AUSCAN pain score55.
Similarly, the number of joints with PD associated with AUSCAN
stiffness, while there was inconsistent evidence for its association
with hand pain and function assessed using AUSCAN. Exploring
relationships across individual studies, we observed that presence
of PD signal associated with hand pain assessed using VAS in
community-based studies15,52, but not in hospital-based
studies12,13,53. Statistical pooling was not possible across these
studies due to different ways in which the data were categorised
and analysed. It is likely that hospital-based studies recruit patients
with advanced hand OA where the additional presence of inflam-
mation has a smaller impact on symptoms than in community-
based studies that will typically include patients with milder dis-
ease. Thus, further community-based studies are needed in the
field.

We did not observe an association between osteophytes and
hand OA clinical outcomes. The discordance between symptoms
and structural changes in OA is well recognised56. This may be due
to the fact that the long-term outcome of IP joint OA is often good.
Such discordance and overall good patient-centred outcome may
be explained by the perspective of OA as the inherent repair process
of synovial joints, which often can compensate for adverse insults
but which leaves the joint anatomically altered, possibly resulting
in tenderness, but not contributing to long-term pain or disability57.
In addition, the perception of symptoms such as pain is confounded
by several central and peripheral factors other than structural
change58.

We observed that hand joints with inflammation detected on
US or MRI were at higher risk of developing a new radiographic
feature or worsening of a pre-existing feature in a dose-dependent
manner. The incidence and progression of structural OA changes
may have different pathophysiology and risk factors32,59. We were
unable to separate these two outcomes because researchers have
used “either incidence or progression of radiographic change” as a
composite outcome. However, this differentiation was possible for
incident radiographic CBEs. PD associated with incident radio-
graphic erosions, and although the 95% CI around the pooled ORs
for association with effusion and GSS suggest considerable un-
certainty, the point estimates remain clinically important (Fig. 4).
This difference may be due to the fact PD depicts active inflam-
mation60 whereas effusion may result from reduced lymphatic
capacity in OA61, and effusion and GSS may represent either
inactive or low-grade inflammation, respectively, and further
studies in this area are needed. This suggests that inflammation
may precede radiographically-detectable structural changes in
hand OA and plays a key role not only in the progression but also
in the initiation of structural changes in hand OA. This may explain
the high burden of inflammation in erosive compared to non-
erosive hand OA41,62e64.

Our observation also raises the question as to whether treat-
ment of inflammation could reduce structural progression in hand
OA. In one RCT, where people with hand OA were randomised to
either 40 mg of subcutaneous adalimumab or placebo, no differ-
ence in radiographic progression was observed between the two
groups65. However, this study recruited only people with erosive
hand OA, an aggressive hand OA phenotype, and the follow-up time
(12 months) may have been too short to detect significant differ-
ences in radiographic progression. A recent meta-analysis of RCTs
examined the effectiveness of treating inflammation in knee or
hand OA and reported no significant difference between disease-
modifying anti-rheumatic drugs commonly used to treat autoim-
mune rheumatic diseases and placebo66. However, the drugs
included in this reviewmay not reduce inflammation in OA, and the
outcome of interest was analgesia, andmultiple central factors (e.g.,
catastrophizing)58 as well as peripheral factors (e.g., joint damage)
influence pain experience.

Aside from inflammatory features, MRI detected BMLs also
associated with progression of structural change, which suggests
that subchondral bone plays a key role in hand OA progression. This
is consistent with findings at the knee67. We also observed that US
detected osteophytes associate with incident radiographic JSN,
osteophytes, and worsening KL grade40, while MRI detected
osteophytes, CBEs and JSN associate with incident radiographic
CBEs44. This supports the viewpoint that OA is a whole joint con-
dition and that all articular tissues are involved in its pathogen-
esis18. Although these changes may occur together in different
tissues of the joint from the onset, structural changes may take
longer to become apparent on imaging, however, once they become
apparent, further radiographic progression is likely. Furthermore,
the concordance between US/MRI detected structural changes and
incident radiographic changes after a few years may also result
from the high sensitivity of US and MRI in detecting structural
changes that are not yet visible on plain radiographs68,69. Therefore,
further studies are required to examine structural changes of hand
OA using US or MRI and to follow-up on the changes over time
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using the same imaging modality. Although our findings may
suggest that both synovial inflammation and subchondral bone
changes are important in the course of structural changes in hand
OA, further studies are required to better understand the mecha-
nism by which inflammation and increased subchondral bone
turnover occurs and contributes to progression of hand OA. This
will allow the development of strategies to minimise joint damage
in hand OA.

There are many limitations to this review. Firstly, there were
substantial differences in joints assessed, outcome measures used,
and the way in which data were categorised for analysis across the
included studies. As a result, only data for 2e5 studies could be
included in the meta-analyses. Secondly, there was significant
heterogeneity in the association between US detected PD and VAS
pain, and between US detected inflammatory features and joint
tenderness and progression of osteophytes. This is not unexpected
since US is a highly operator-dependent imaging modality. How-
ever, there was very low or no heterogeneity in MRI studies. As the
findings from MRI studies were consistent with those from US
studies they provide confidence in our findings. Additionally,
publication bias was observed in the analyses between PD and joint
tenderness. This could result from the fact that PD is present in
relatively few joints in hand OA and it is possible for authors to not
report exposures and outcomes for which there are no associations.
Moreover, we were not able to provide separate estimates for IP
joint and thumb-base OA with the notable exception of association
between GSS/PD and tenderness, of which no association was
found for thumb-base tenderness. Thumb-base OA is a separate
hand OA phenotype from IP joint OA and we tried to explore any
differences in association for all outcomes in this review. However,
due to summation of imaging findings across different joint groups,
and only a few (n¼ 4) studies provided separate results for 1st CMCJ
OA, wewere unable to performmost subgroup analysis for hand OA
subtypes. Finally, most included studies recruited consecutive pa-
tients attending hospital clinics, and only two studies recruited
community dwelling adults. This limits the generalisability of our
finding as the majority of the participants in the included studies
could have more severe or atypical OA, requiring referral to sec-
ondary care.

In conclusion, US and MRI-detected inflammatory and struc-
tural changes associate with joint tenderness whilst the associa-
tion with symptoms appears to be inconsistent. Articular
inflammation and subchondral bone changes associate with
development and progression of structural OA changes. This sug-
gests that both changes may precede structural changes and may
be used to identify a subset of hand OA patients at risk of adverse
outcome. Finally, given the substantial methodological differences
in the included studies, there is a need for hand OA researchers to
agree on the joints to be included, the minimum set of outcome
measures to be used, the optimal strategy for combining imaging
findings (i.e., sum scores, number of joints affected), and reporting
standards for use in all future imaging studies. This will greatly
improve comparability across studies and facilitate future evi-
dence synthesis endeavours.
Contributors
Study concept and design: AA, WZ, MD, and AO. The first reviewer
(AO) did the literature search, screened titles/abstracts and full-
text, extracted data, assessed study quality, and performed the
analysis. JK performed validation on titles/abstracts screening, SS
validated full-text screening and quality assessment, KY validated
data extraction. Discrepancies were resolved with AA. AOwrote the
first draft, which was reviewed by AA, WZ, and MD. The final
version for publication was approved by all the authors.
Role of funding source
None.

Conflict of interest

None to declare.

Acknowledgements

The authors would like to thank the University of Nottingham
for the financial support offered to two of the authors (AO and SS)
towards their Ph.D. study, under the Vice Chancellor Scholarship for
Research Excellence 2017. We also acknowledge the University of
Nottingham, UK for serving as the host of the study.

Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.joca.2021.03.018.

References

1. Jones A, Doherty M. ABC of rheumatology: osteoarthritis. BMJ
1995;310:457e60.

2. Schiphof D, van den Driest JJ, Runhaar J. Osteoarthritis Year in
Review 2017: Rehabilitation and Outcomes. Osteoarthritis and
cartilage; 2018.

3. Litwic A, Edwards MH, Dennison EM, Cooper C. Epidemiology
and burden of osteoarthritis. Br Med Bull 2013;105:185e99.

4. Zhang Y, Niu J, Kelly-Hayes M, Chaisson CE, Aliabadi P,
Felson DT. Prevalence of symptomatic hand osteoarthritis and
its impact on functional status among the elderly: the Fra-
mingham Study. Am J Epidemiol 2002;156:1021e7.

5. Mannoni A, Briganti M, Di Bari M, Ferrucci L, Serni U,
Masotti G, et al. Prevalence of symptomatic hand osteoarthritis
in community-dwelling older persons: the ICARe Dicomano
study. Osteoarthritis Cartilage 2000;8:S11e3.

6. Wilder F, Barrett J, Farina E. Joint-specific prevalence of oste-
oarthritis of the hand. Osteoarthritis Cartilage 2006;14:953e7.

7. Dziedzic K, Thomas E, Hill S, Wilkie R, Peat G, Croft PR. The
impact of musculoskeletal hand problems in older adults:
findings from the North Staffordshire Osteoarthritis Project
(NorStOP). Rheumatology 2007;46:963e7.

8. Hirsch R, Guralnik J, Ling S, Fried LP, Hochberg M. The patterns
and prevalence of hand osteoarthritis in a population of
disabled older women: the Women's Health and Aging Study.
Osteoarthritis Cartilage 2000;8:S16e21.

9. Kodama R, Muraki S, Oka H, Iidaka T, Teraguchi M, Kagotani R,
et al. Prevalence of hand osteoarthritis and its relationship to
hand pain and grip strength in Japan: the third survey of the
ROAD study. Mod Rheumatol 2016;26:767e73.

10. Bijsterbosch J, Visser W, Kroon HM, Stamm T, Meulenbelt I,
Huizinga TW, et al. Thumb base involvement in symptomatic
hand osteoarthritis is associated with more pain and func-
tional disability. Ann Rheum Dis 2010;69:585e7.

11. Wittoek R, Cruyssen BV, Verbruggen G. Predictors of functional
impairment and pain in erosive osteoarthritis of the inter-
phalangeal joints: comparison with controlled inflammatory
arthritis. Arthritis Rheum 2012;64:1430e6.

12. Keen HI, Wakefield RJ, Grainger AJ, Hensor EM, Emery P,
Conaghan PG. An ultrasonographic study of osteoarthritis of
the hand: synovitis and its relationship to structural pathology
and symptoms. Arthritis Rheum 2008;59:1756e63.

13. Kortekaas MC, Kwok WY, Reijnierse M, Watt I, Huizinga TW,
Kloppenburg M. Pain in hand osteoarthritis is associated with

https://doi.org/10.1016/j.joca.2021.03.018
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref1
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref1
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref1
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref2
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref2
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref2
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref3
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref3
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref3
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref4
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref4
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref4
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref4
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref4
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref5
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref5
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref5
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref5
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref5
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref6
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref6
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref6
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref7
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref7
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref7
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref7
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref7
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref8
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref8
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref8
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref8
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref8
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref9
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref9
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref9
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref9
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref9
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref10
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref10
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref10
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref10
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref10
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref11
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref11
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref11
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref11
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref11
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref12
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref12
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref12
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref12
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref12
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref13
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref13


A.D. Obotiba et al. / Osteoarthritis and Cartilage 29 (2021) 946e955954
inflammation: the value of ultrasound. Ann Rheum Dis
2010;69:1367e9.

14. Haugen IK, Boyesen P, Slatkowsky-Christensen B, Sesseng S,
van der Heijde D, Kvien TK. Associations between MRI-defined
synovitis, bone marrow lesions and structural features and
measures of pain and physical function in hand osteoarthritis.
Ann Rheum Dis 2012;71:899e904.

15. Oo WM, Deveza LA, Duong V, Fu K, Linklater JM, Riordan EA,
et al. Musculoskeletal ultrasound in symptomatic thumb-base
osteoarthritis: clinical, functional, radiological and muscle
strength associations. BMC Muscoskel Disord 2019;20:220.

16. Mancarella L, Addimanda O, Pelotti P, Pignotti E, Pulsatelli L,
Meliconi R. Ultrasound detected inflammation is associated
with the development of new bone erosions in hand osteo-
arthritis: a longitudinal study over 3.9 years. Osteoarthritis
Cartilage 2015;23:1925e32.

17. Kortekaas MC, Kwok WY, Reijnierse M, Kloppenburg M. In-
flammatory ultrasound features show independent associa-
tions with progression of structural damage after over 2 years
of follow-up in patients with hand osteoarthritis. Ann Rheum
Dis 2015;74:1720e4.

18. Poole AR. Osteoarthritis as a whole joint disease. HSS J 2012;8:
4e6.

19. Wenham CY, Conaghan PG. The role of synovitis in osteoar-
thritis. Therapeutic advances in musculoskeletal disease
2010;2:349e59.

20. Sarmanova A, Hall M, Fernandes GS, Bhattacharya A,
Valdes AM, Walsh DA, et al. Association between ultrasound-
detected synovitis and knee pain: a population-based
caseecontrol study with both cross-sectional and follow-up
data. Arthritis Res Ther 2017;19:281.

21. Hill CL, Hunter DJ, Niu J, Clancy M, Guermazi A, Genant H, et al.
Synovitis detected on magnetic resonance imaging and its
relation to pain and cartilage loss in knee osteoarthritis. Ann
Rheum Dis 2007;66:1599e603.

22. Roemer FW, Guermazi A, Felson DT, Niu J, Nevitt MC,
Crema MD, et al. Presence of MRI-detected joint effusion and
synovitis increases the risk of cartilage loss in knees without
osteoarthritis at 30-month follow-up: the MOST study. Ann
Rheum Dis 2011;70:1804e9.

23. Sengupta M, Zhang Y, Niu J, Guermazi A, Grigorian M, Gale D,
et al. High signal in knee osteophytes is not associated with
knee pain. Osteoarthritis Cartilage 2006;14:413e7.

24. Kornaat PR, Bloem JL, Ceulemans RY, Riyazi N, Rosendaal FR,
Nelissen RG, et al. Osteoarthritis of the knee: association be-
tween clinical features and MR imaging findings. Radiology
2006;239:811e7.

25. Wells G, Shea B, O’connell D, Petersen J, Welch V, Losos M, et al.
The Newcastle-Ottawa Scale (NOS) for Assessing the Quality of
Nonrandomized Studies in Meta-Analyses. Canada: Depart-
ment of Epidemiology and Community Medicine, University of
Ottawa, Canada. University of Ottawa, 2012. Available at: http://
www.ohri.ca/programs/clinical_epidemiology/oxford.asp.

26. Herzog R, �Alvarez-Pasquin MJ, Díaz C, Del Barrio JL, Estrada JM,
Gil �A. Are healthcare workers' intentions to vaccinate related
to their knowledge, beliefs and attitudes? A systematic review.
BMC Publ Health 2013;13:154.

27. Zhang Z, Xu X, Ni H. Small studies may overestimate the effect
sizes in critical care meta-analyses: a meta-epidemiological
study. Crit Care 2013;17:R2.

28. Higgins JP, Thomas J, Chandler J, Cumpston M, Li T, Page MJ,
et al. Cochrane Handbook for Systematic Reviews of In-
terventions. John Wiley & Sons; 2019.

29. Kortekaas MC, Kwok WY, Reijnierse M, Huizinga TW,
Kloppenburg M. Follow-up study of inflammatory ultrasound
features in hand osteoarthritis over a period of 3 months:
variable as well as constant. Osteoarthritis Cartilage 2014;22:
40e3.

30. KortekaasMC,KwokWY,ReijnierseM,StijnenT,KloppenburgM.
Brief report: association of inflammation with development of
erosions in patients with hand osteoarthritis: a prospective ul-
trasonography study. Arthritis& Rheumatology 2016;68:392e7.

31. Damman W, Kortekaas MC, Stoel BC, van 't Klooster R,
Wolterbeek R, Rosendaal FR, et al. Sensitivity-to-change and
validity of semi-automatic joint space width measurements in
hand osteoarthritis: a follow-up study. Osteoarthritis Cartilage
2016;24:1172e9.

32. Damman W, Liu R, Bloem JL, Rosendaal FR, Reijnierse M,
Kloppenburg M, et al. Bone marrow lesions and synovitis on
MRI associate with radiographic progression after 2 years in
hand osteoarthritis. Ann Rheum Dis 2017;76:214e7.

33. Kortekaas MC, Kwok WY, Reijnierse M, Huizinga TW,
Kloppenburg M. Osteophytes and joint space narrowing are
independently associated with pain in finger joints in hand
osteoarthritis. Ann Rheum Dis 2011;70:1835e7.

34. Kortekaas MC, Kwok WY, Reijnierse M, Wolterbeek R,
Boyesen P, van der Heijde D, et al. Magnetic resonance imaging
in hand osteoarthritis: intraobserver reliability and criterion
validity for clinical and structural characteristics. J Rheumatol
2015;42:1224e30.

35. Kroon FP, van Beest S, Ermurat S, Kortekaas MC, Bloem JL,
Reijnierse M, et al. In thumb base osteoarthritis structural
damage is more strongly associated with pain than synovitis.
Osteoarthritis Cartilage 2018 Sep;26:1196e202.

36. Liu R, Damman W, Reijnierse M, Bloem JL, Rosendaal FR,
Kloppenburg M. Bone marrow lesions on magnetic resonance
imaging in hand osteoarthritis are associated with pain and
interactwith synovitis. Osteoarthritis Cartilage2017;25:1093e9.

37. Kroon FP, Damman W, van der Plas JL, van Beest S,
Rosendaal FR, van der Heijde D, et al. Self-reported painful
joint count and assessor-reported tender joint count as in-
struments to assess pain in hand osteoarthritis. Rheumatology
2020;59:1094e8.

38. van Beest S, Damman W, Liu R, Reijnierse M, Rosendaal FR,
Kloppenburg M. In finger osteoarthritis, change in synovitis is
associated with change in pain on a joint-level; a longitudinal
magnetic resonance imaging study. Osteoarthritis Cartilage
2019;27:1048e56.

39. Mathiessen A, Slatkowsky-Christensen B, Kvien TK,
Hammer HB, Haugen IK. Ultrasound-detected inflammation
predicts radiographic progression in hand osteoarthritis after
5 years. Ann Rheum Dis 2016;75:825e30.

40. Mathiessen A, Slatkowsky-Christensen B, Kvien TK, Haugen IK,
Berner Hammer H. Ultrasound-detected osteophytes predict
the development of radiographic and clinical features of hand
osteoarthritis in the same finger joints 5 years later. RMD Open
2017;3(2) (no pagination).

41. Haugen IK, Mathiessen A, Slatkowsky-Christensen B,
Magnusson K, Boyesen P, Sesseng S, et al. Synovitis and radio-
graphic progression in non-erosive and erosive hand osteoar-
thritis: is erosive hand osteoarthritis a separate inflammatory
phenotype? Osteoarthritis Cartilage 2016;24:647e54.

42. Haugen IK, Slatkowsky Christensen B, Boyesen P, Sesseng S,
van der Heijde D, Kvien TK. Increasing synovitis and bone
marrow lesions are associated with incident joint tenderness
in hand osteoarthritis. Ann Rheum Dis 2016;75:702e8.

43. Haugen IK, Slatkowsky-Christensen B, Faraj K, van der
Heijde D, Kvien TK. The comparison of magnetic resonance
imaging and radiographs to assess structural progression over
5 years in hand osteoarthritis. Rheumatology 2017;56:371e7.

http://refhub.elsevier.com/S1063-4584(21)00699-3/sref13
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref13
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref13
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref14
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref14
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref14
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref14
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref14
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref14
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref15
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref15
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref15
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref15
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref16
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref16
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref16
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref16
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref16
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref16
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref17
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref17
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref17
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref17
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref17
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref17
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref18
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref18
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref18
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref19
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref19
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref19
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref19
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref20
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref20
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref20
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref20
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref20
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref20
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref21
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref21
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref21
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref21
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref21
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref22
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref22
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref22
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref22
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref22
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref22
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref23
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref23
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref23
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref23
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref24
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref24
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref24
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref24
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref24
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref26
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref26
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref26
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref26
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref26
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref26
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref27
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref27
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref27
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref28
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref28
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref28
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref28
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref29
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref29
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref29
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref29
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref29
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref29
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref30
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref30
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref30
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref30
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref30
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref30
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref31
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref31
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref31
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref31
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref31
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref31
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref32
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref32
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref32
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref32
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref32
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref33
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref33
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref33
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref33
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref33
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref34
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref34
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref34
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref34
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref34
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref34
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref35
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref35
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref35
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref35
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref35
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref36
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref36
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref36
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref36
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref36
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref37
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref37
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref37
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref37
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref37
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref37
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref38
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref38
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref38
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref38
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref38
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref38
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref39
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref39
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref39
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref39
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref39
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref40
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref40
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref40
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref40
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref40
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref41
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref41
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref41
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref41
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref41
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref41
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref42
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref42
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref42
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref42
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref42
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref43
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref43
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref43
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref43
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref43


A.D. Obotiba et al. / Osteoarthritis and Cartilage 29 (2021) 946e955 955
44. Haugen IK, Slatkowsky-Christensen B, Boyesen P, Sesseng S,
van der Heijde D, Kvien TK. MRI findings predict radiographic
progression and development of erosions in hand osteoar-
thritis. Ann Rheum Dis 2016;75:117e23.

45. Steen Pettersen P, Neogi T, Magnusson K, Hammer HB,
Uhlig T, Kvien TK, et al. Associations between radiographic
and ultrasound-detected features in hand osteoarthritis
and local pressure pain thresholds. Arthritis & Rheuma-
tology 2020;6:6.

46. Fjellstad CM, Mathiessen A, Slatkowsky-Christensen B,
Kvien TK, Hammer HB, Haugen IK. Associations between ul-
trasound-detected synovitis, pain and function in interpha-
langeal and thumb base osteoarthritis: data from the Nor-
Hand study. Arthritis Care Res 2019;17:17.

47. Mallinson PI, Tun JK, Farnell RD, Campbell DA, Robinson P.
Osteoarthritis of the thumb carpometacarpal joint: correlation
of ultrasound appearances to disability and treatment
response. Clin Radiol 2013;68:461e5.

48. Sivakumaran P, Hussain S, Ciurtin C. Comparison between
several ultrasound hand joint scores and conventional radi-
ography in diagnosing hand osteoarthritis. Ultrasound Med
Biol 2018;44:544e50.

49. Arrestier S, Rosenberg C, Etchepare F, Rozenberg S, Foltz V,
Fautrel B, et al. Ultrasound features of nonstructural lesions of
the proximal and distal interphalangeal joints of the hands in
patients with finger osteoarthritis. Joint Bone Spine: Rev Rhum
2011;78:65e9.

50. Roux CH, Foltz V, Maheu E, Baron G, Gandjbakhch F, Lukas C,
et al. MRI and serum biomarkers correlate with radiographic
features in painful hand osteoarthritis. Clin Exp Rheumatol
2016;34:991e8.

51. Ramonda R, Favero M, Vio S, Lacognata C, Frallonardo P,
Belluzzi E, et al. A recently developed MRI scoring system for
hand osteoarthritis: its application in a clinical setting. Clin
Rheumatol 2016;35:2079e86.

52. Mattap SM, Laslett LL, Squibb K, Wills K, Otahal P, Pan F, et al.
Hand examination, ultrasound and its association with hand
pain and function in community-based older adults. Arthritis
Care Res 2019;16:16.

53. Koutroumpas AC, Alexiou IS, Vlychou M, Sakkas LI. Compari-
son between clinical and ultrasonographic assessment in pa-
tients with erosive osteoarthritis of the hands. Clin Rheumatol
2010;29:511e6.

54. Paschoal NDS, Natour J, Machado FS, de Oliveira HAV,
Furtado RNV. Interphalangeal joint sonography of symptom-
atic hand osteoarthritis clinical and functional correlation.
J Ultrasound Med 2017;36:311e9.

55. BellamyN, Campbell J, Haraoui B, Gerecz-Simon E, Buchbinder R,
Hobby K, et al. Clinimetric properties of the AUSCAN Osteoar-
thritis Hand Index: an evaluation of reliability, validity and
responsiveness. Osteoarthritis Cartilage 2002;10:863e9.

56. Neogi T. The epidemiology and impact of pain in osteoarthritis.
Osteoarthritis Cartilage 2013;21:1145e53.
57. Doherty M. Synovial inflammation and osteoarthritis pro-
gression: effects of nonsteroidal antiinflammatory drugs.
Osteoarthritis Cartilage 1999;7:319e20.

58. Hunter DJ, Guermazi A, Roemer F, Zhang Y, Neogi T. Structural
correlates of pain in joints with osteoarthritis. Osteoarthritis
Cartilage 2013;21:1170e8.

59. Ding C, Zhang Y, Hunter D. Use of imaging techniques to
predict progression in osteoarthritis. Curr Opin Rheumatol
2013;25:127e35.

60. Koski JM, Saarakkala S, Helle M, Hakulinen U, Heikkinen JO,
Hermunen H. Power Doppler ultrasonography and synovitis:
correlating ultrasound imaging with histopathological findings
and evaluating the performance of ultrasound equipments.
Ann Rheum Dis 2006;65:1590e5.

61. Walsh D, Verghese P, Cook G, McWilliams D, Mapp P, Ashraf S,
et al. Lymphatic vessels in osteoarthritic human knees. Oste-
oarthritis Cartilage 2012;20:405e12.

62. Mancarella L, Magnani M, Addimanda O, Pignotti E, Galletti S,
Meliconi R. Ultrasound-detected synovitis with power Doppler
signal is associated with severe radiographic damage and
reduced cartilage thickness in hand osteoarthritis. Osteoar-
thritis Cartilage 2010;18:1263e8.

63. Kortekaas MC, Kwok WY, Reijnierse M, Huizinga TWJ,
Kloppenburg M. In erosive hand osteoarthritis more
inflammatory signs on ultrasound are found than in the rest of
hand osteoarthritis. Ann Rheum Dis 2013;72:930e4.

64. Wittoek R, Carron P, Verbruggen G. Structural and inflamma-
tory sonographic findings in erosive and non-erosive osteo-
arthritis of the interphalangeal finger joints. Ann Rheum Dis
2010;69:2173e6.

65. VerbruggenG,Wittoek R, Vander Cruyssen B, Elewaut D. Tumour
necrosis factorblockadefor thetreatmentoferosiveosteoarthritis
of the interphalangeal finger joints: a double blind, randomised
trial on structure modification. Ann Rheum Dis 2012;71:891e8.

66. Persson MS, Sarmanova A, Doherty M, Zhang W. Conventional
and biologic disease-modifying anti-rheumatic drugs for
osteoarthritis: a meta-analysis of randomized controlled trials.
Rheumatology 2018;57:1830e7.

67. de Lange-Brokaar B, Bijsterbosch J, Kornaat P, Yusuf E, Ioan-
Facsinay A, Zuurmond A-M, et al. Radiographic progression of
knee osteoarthritis is associated with MRI abnormalities in
both the patellofemoral and tibiofemoral joint. Osteoarthritis
Cartilage 2016;24:473e9.

68. Keen HI, Wakefield RJ, Grainger AJ, Hensor EM, Emery P,
Conaghan PG. Can ultrasonography improve on radiographic
assessment in osteoarthritis of the hands? A comparison be-
tween radiographic and ultrasonographic detected pathology.
Ann Rheum Dis 2008;67:1116e20.

69. Guermazi A, Niu J, Hayashi D, Roemer FW, Englund M, Neogi T,
et al. Prevalence of abnormalities in knees detected by MRI in
adults without knee osteoarthritis: population based obser-
vational study (Framingham Osteoarthritis Study). Br Med J
2012;345:e5339.

http://refhub.elsevier.com/S1063-4584(21)00699-3/sref44
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref44
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref44
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref44
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref44
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref45
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref45
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref45
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref45
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref45
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref45
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref46
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref46
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref46
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref46
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref46
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref47
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref47
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref47
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref47
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref47
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref48
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref48
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref48
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref48
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref48
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref49
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref49
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref49
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref49
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref49
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref49
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref50
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref50
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref50
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref50
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref50
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref51
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref51
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref51
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref51
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref51
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref52
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref52
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref52
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref52
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref53
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref53
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref53
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref53
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref53
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref54
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref54
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref54
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref54
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref54
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref55
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref55
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref55
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref55
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref55
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref56
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref56
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref56
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref57
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref57
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref57
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref57
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref58
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref58
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref58
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref58
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref59
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref59
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref59
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref59
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref60
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref60
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref60
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref60
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref60
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref60
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref61
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref61
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref61
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref61
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref62
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref62
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref62
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref62
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref62
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref62
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref63
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref63
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref63
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref63
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref63
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref64
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref64
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref64
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref64
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref64
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref65
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref65
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref65
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref65
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref65
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref66
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref66
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref66
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref66
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref66
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref67
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref67
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref67
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref67
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref67
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref67
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref68
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref68
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref68
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref68
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref68
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref68
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref69
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref69
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref69
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref69
http://refhub.elsevier.com/S1063-4584(21)00699-3/sref69

	Synovitis and bone marrow lesions associate with symptoms and radiographic progression in hand osteoarthritis: a systematic ...
	Introduction
	Methods
	Literature search
	Inclusion and exclusion criteria
	Data extraction and outcome measures
	Quality assessment
	Validation of review steps
	Statistical analysis

	Results
	Study selection
	Study characteristics
	Quality assessment
	Association between features detected on US or MRI and clinical outcomes
	US and MRI features and progression of radiographic changes

	Discussion
	Contributors
	Role of funding source
	Conflict of interest
	Acknowledgements
	Appendix A. Supplementary data
	References


