Osteoarthritis and Cartilage Open 3 (2021) 100194

'Osteoarthritis
andCartilage
Oper.

Contents lists available at ScienceDirect

Osteoarthritis and Cartilage Open
ELSEVIER

journal homepage: www.elsevier.com/journals/osteoarthritis-and-cartilage-open/2665-9131

Review
Evaluation of osteoarthritic features in peripheral joints by ultrasound R
imaging: A systematic review ot

Prue Molyneux ab.* " Catherine Bowen ©Y, Richard Ellis *°, Keith Rome ?, Mike Frecklington b
Matthew Carroll "

@ School of Clinical Sciences, Auckland University of Technology, New Zealand

Y Active Living and Rehabilitation: Aotearoa New Zealand, Health and Rehabilitation Research Institute, School of Clinical Sciences, Auckland University of Technology,
New Zealand

€ School of Health Sciences, Faculty of Environmental and Life Sciences, University of Southampton, UK

4 Centre for Sport, Exercise and Osteoarthritis Versus Arthritis, University of Southampton, Southampton, UK

ARTICLE INFO ABSTRACT

Keywords: Objective: To determine how structural and inflammatory osteoarthritis (OA) features in peripheral joints are
OSteoarthm}S ) assessed, defined and graded by ultrasound (US) imaging.

Ultrasound imaging Design: MEDLINE, CINAHL, Cochrane and SPORTDiscus were systematically searched in March 2021. To be
Peripheral joints

eligible, studies needed to (1) include participants with peripheral joint OA, and (2) used grey scale USI or power
Doppler (PD) to assess one or more US features in peripheral joints of the hands and feet. Methodological quality
of all included studies was assessed using the Critical Appraisal Skills Program (CASP) tool.

Results: A total of 159 citations were identified for screening. Thirty-two articles were included for final analysis
and were of good methodological quality. Thirty articles evaluated US features of hand OA and two assessed US
OA features in the foot. There were inconsistencies between studies in terms of what US features were assessed,
how these features were defined and what grading system was applied to determine degree of osteoarthritic
change.

Conclusion: The review found inconsistencies in the definition of synovial pathology. Consequently, it is unclear
whether synovial pathology is best represented as separate entities or combined as a single domain, termed
“synovitis”. How OA US features were defined and graded has largely been extrapolated from recommendations
originally constructed for populations with rheumatoid arthritis (RA). Given the prognostic value of synovitis for
OA progression and the reduced degree of inflammation experienced in OA compared to RA, the validity of
applying definitions, grading systems and atlases originally developed for inflammatory arthritis needs
consideration.

1. Introduction

Osteoarthritis (OA) is a global health burden and leading cause of
chronic pain, joint stiffness, functional limitation, and disability among
older adults [1,2]. OA is a degenerative joint disease and affects multiple
structures; including the perichondral and subchondral bone and asso-
ciated joint capsular structures [3-6]. Our knowledge of foot and hand
OA substantially lags behind that of other joint sites, such as the knee and
hip [7-10], for which the research evidence is more advanced. However,
foot and hand OA are also important contributors to the burden of OA

and have a significant negative impact on physical mobility and
health-related quality of life [11-13].

Plain radiography represents the gold standard imaging modality for
the visualisation of bony change and the diagnosis of radiographic OA
[14,15]. Although radiographic imaging can detect joint space narrowing
and bony alterations [16], it has numerous shortcomings in diagnosing
OA. At the point where structural damage is evident radiographically,
joint structure and function may be significantly impaired. Once the joint
has reached this point, patient outcomes and management are limited.
Radiographic imaging cannot directly visualise articular cartilage or
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detail the soft tissue changes in and around joints [17]. Radiographic
findings are also poorly associated with clinical symptoms [18,19].

Significant advances have been made in the field of imaging, allowing
a more accurate evaluation of both bone and soft-tissue abnormalities
[20]. Ultrasound (US) imaging presents an alternative to plain radiog-
raphy in the diagnosis of OA due to its ability to detect features present
during disease progression, related both to inflammation and structural
damage [5,21-24]. US has proved to be a reliable and valid imaging
technique to assess OA features when compared with MRI [25,26]. US
can be readily used chairside, presents a lower cost, is widely available, is
not contraindicated for some patients, and does not require intravenous
contrast for assessment of active synovitis. US has been shown to have
high sensitivity to detect subclinical (absence of clinical symptoms) in-
flammatory joint pathology [3,27] and provides excellent resolution of
superficial tissues/structures [26,28,29]. Given the ability of US to depict
tissue-specific morphological changes before the onset of pain and before
the point of irreversible structural damage, US imaging may play a
fundamental role in the earlier detection and assessment of peripheral
joint OA [30]. Earlier detection would provide the capacity to alter the
progression of the disease and improve quality of life.

The application of US imaging has enhanced the understanding of the
complex, multi-tissue processes underpinning the OA phenotype [31].
However, the role of US for OA diagnosis in peripheral joints has not been
clearly defined. To further understand this role, the aims of this study
were to critically evaluate and summarise relevant studies that have used
US to evaluate OA features in peripheral joints of the hands and feet. The
primary questions investigated in the review were: What US features are
associated with OA in peripheral joints? How are US features in pe-
ripheral joints defined and graded? What is the reliability of grading the
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Table 1
Search strategy.

MEDLINE, CINAHL, Cochrane and SPORTDiscus

1 Subject Osteoarthritis
term
2 Keywords Foot or feet or hand
3 Subject Ultrasonography
term
4 Keywords Ultrasonograph* or Sonograph* or Ultrasound or US or MSUS or
Doppler or power Doppler or PDUS or Colour Doppler or
Elastograph*
5 Keywords Features or Characteristics or Osteophyte or Synovitis or
Cartilage or Effusion or synovial hypertrophy or Erosion or
Vascularisation or Neovascularisation
6 Keywords Atlas or Grad* or Scor*or severity or assess* or evaluat*
7 Combine 1and 2
8 Combine 3and 4
9 Combine 5and 6
10  Combine 7 and 8 and 9

US features?
2. Methods
2.1. Search strategy
This systematic review is reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)

guidelines [32] (Fig. 1). The identification of articles for the systematic
review was completed with a comprehensive search of titles and

Records identified through database
.5 searching in March 2021 (n = 159): Additional records identified
- -
i CINAHL (n = 64) through other sources
& MEDLINE (n = 68) (n=0)
g SPORTDiscus (n = 18)
el and Cochrane (n =9)
—
Records after duplicates removed
(n=117)
0o
£
c
o
e v
3
Records screened Records excluded
(n=117) (n=54)
—
Full-text articles excluded (n = 31)
Opinion articles (n = 4)
Z Y Non-English articles (n = 2)
E Full-text articles assessed No evaluation of USI features (n = 3)
2 for eligibility —| No grading/scoring system (n =5)
- (n=63) Wrong patient population (n = 10)
Wrong joint (n = 1)
) Intervention study (n = 6)
—
A 4
E Studies included in
3 qualitative synthesis
g (n=32)

Fig. 1. PRISMA guidelines.
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abstracts from key electronic databases and additional records (Table 1).
The search was conducted between July 2020 and March 2021. The
electronic databases MEDLINE, CINAHL, Cochrane and SPORTDiscus
were systematically searched from their earliest record (1997) to 2021.
Broad-ranging search terms were agreed on by the authors (PM and MC).
A secondary search was performed to address publication bias by
searching the Open Grey literature (to search for unpublished literature
and ongoing trials) and Google Scholar [33]. All titles and abstracts
identified from the search were downloaded into EndNote version x9
(Thomson Reuters, Philadelphia, PA USA).

2.2. Inclusion and exclusion criteria

The studies were cross-referenced with duplicates removed. The
retrieved articles were imported into Covidence systematic review soft-
ware, Veritas Health Innovation, Melbourne, Australia [34]. In the first
stage of selection the titles and abstracts were independently screened by
PM and MC. Subsequently, the full texts of the selected articles were
retrieved and judged against the inclusion and exclusion criteria
(Table 2). The selected studies were discussed between authors until
consensus for inclusion was achieved. In cases of non-consensus, a third
author's opinion was planned for consultation; however, this was not
required. The eligibility criteria were initially applied to all titles and
abstracts, and later to full-text articles if more detail was required. All
studies that met the inclusion, had their reference lists hand searched for
further included articles. When the included studies referred to a previ-
ous paper for methodology or reliability, that paper was accessed, and
appraised for inclusion against the selection criteria. This systematic
review was registered with the international database of prospectively
registered systematic reviews in health and social care (PROSPERO),
registration number CRD42021199396.

2.3. Methodological quality assessment

The methodological quality of included articles was appraised inde-
pendently by two reviewers (PM, MF) using the Critical Appraisal Skills
Program (CASP) case control and cohort checklists [35]. The CASP tools
are succinct and effectively cover the areas needed for critical appraisal
of evidence [36]. The cohort and case control checklists comprise a series
of 12 and 11 questions, respectively. Completion of the checklists pro-
vides a systematic and comprehensive way of appraising studies to
determine whether their findings are valid, accurate and meaningful at a
local level. Each criterion was weighted by applying a three-point scale;
No = criterion not met (0 points); Yes = criterion totally met (1 point);
Can't tell = criterion partially met (C/T). A total score was generated out
of 14 points for cohort studies and a total of 12 points for case control
studies. A consensus meeting was held to resolve any disagreement be-
tween the reviewers. Following methodological assessment, articles were

Table 2
Eligibility criteria.

Inclusion criteria:

e participants were over 18 years old

e participants (cases) with osteoarthritis, defined by either radiographically
confirmed osteoarthritis, patient reported osteoarthritis, or clinical diagnosis

o they used grey scale ultrasound imaging or power Doppler to assess one or more
ultrasound imaging features in peripheral joints of the hand and feet

Exclusion criteria:

e were unpublished; non-peer-reviewed; do not involve humans; are in vitro studies;
opinion articles; letters to the editor; non-English articles and abstracts

e included participants with inflammatory arthritis or a neurological, endocrine or
metabolic disorder.

o only evaluated ultrasound imaging features evaluated in other joints, aside from
those of the hands and feet

o studies that utilised ultrasonography only for guiding injections and did not report
any USI feature data or findings of the ultrasonography examination
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grouped and discussed according to US feature, definition, and applied
grading system.

2.4. Data extraction

The following information was extracted from all included studies:
study characteristics; author's name, year of publication, study design
and aim(s), and outcome measure(s) reported. Participant characteristics
including sample size, gender, mean age (years), mean BMI (kg.m2),
and symptom duration were also extracted (Supplementary data 1).
Additionally, the following US measurement techniques were extracted:
what OA features were imaged, how the US features were graded
(dichotomous or on a semiquantitative scale), if an US atlas was used, the
sonographer(s) involved in the assessment, and all reliability data that
were recorded (Supplementary data 2).

3. Results
3.1. Selection and characteristics of studies

A total of 159 citations were identified for screening with 32 articles
included for final analysis. Thirty articles evaluated US features of hand
OA [24,25,37-64] and two assessed US OA features in the foot [65,66].
Twenty-seven hand OA studies assessed the proximal and distal inter-
phalangeal joints [24,25,37,38,41-57,59-64], 22 studies assessed the
metacarpophalangeal and carpometacarpal joints [24,25,38-43,45,
48-50,52,53,56-63], and four studies assessed the first interphalangeal
joint [43,48-50]. With regards to the two-foot studies, both assessed US
imaging OA features in the first metatarsophalangeal joint (MTPJ) and
the midfoot [65,66]. One study evaluated and graded the midfoot joints
as a single joint complex [65] and one evaluated and graded each joint at
the midfoot and forefoot level [66].

A total of 3069 participants were reported (654 male, 2330 female) of
which 2952 were diagnosed with peripheral joint OA. Sex was not re-
ported in two studies, involving eighty-five participants [43,60]. The
mean age of participants ranged from 51.1 to 74.5 years old. Mean BMI
was reported in 16 studies and ranged from 24.9 kg/m? to 28.4 kg/m2.
Eleven studies reported disease duration (range, 3.2-18.5 years).
Ethnicity of the study population was reported by one study [44]. Five
studies delineated separate OA sub-groups as erosive and non-erosive
hand OA [46,51,55,56,59]. All included studies were observational
studies published after 2008, 26 were cohort and six were case-control
studies. The aims, participant characteristics and how peripheral joint
OA was defined of all included studies are presented in Supplementary
data 1. Meta-analyses were not deemed appropriate based on the varia-
tion in features imaged, specific joints that were imaged and how US
features were defined and graded.

3.2. Quality assessment of studies

The quality scores for the included cohort studies ranged from 4 to
14/14 on the CASP quality checklist. The quality scores for the included
case control studies ranged from 5 to 8/12 on the CASP quality checklist.
The quality of all included studies was summarised in a table format
(Supplementary data 3). Due to the exclusion of intervention studies,
questions related to treatment effect were not applicable.

3.3. US features associated with OA

There was wide variation across all studies in relation to what US
imaging features were assessed. The following inflammatory US features
were investigated by the included studies: synovitis, synovial hypertro-
phy, joint effusion, tenosynovitis, and power Doppler (PD) signal. PD
signal was the most reported US feature across all studies (n = 24) [24,
37-41,44,46-51,53-55,57,59,60,62-66]. There were also in-
consistencies between the different entities of synovial pathology,
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making comparison between studies difficult. Of the 32 studies included
in the review, 16 assessed synovitis [24,37-39,41,42,46,49,54,56,57,59,
60,62-64], of which eight studies combined joint effusion and synovial
hypertrophy as a single domain, termed “synovitis” [24,39,49,52,54,59,
62,63], whereas five studies assessed synovitis and joint effusion as
separate entities [41,49,56,57,64]. Furthermore, several studies clearly
differentiated between synovial hypertrophy and joint effusion; with 14
studies having assessed joint effusion [40,41,47-51,53,55-57,65,66] and
12 studies assessed synovial hypertrophy [40,41,44,47-51,53,55,64-66]
as separate entities (US features). Tenosynovitis was reported by two
studies [56,57]. OA features indicative of structural damage included
osteophytes, which were reported in 18 studies [25,38,39,41,43,45,50,
52,54-57,60-63,65,66] joint erosions, reported in seven studies [38,39,
41,51,54,56,571, cartilage breakdown, reported in five studies [45,54,
58,59,65], and joint space narrowing reported in three studies [54,61,
62].

3.4. Defining US features associated with OA

Definitions of US features for all included studies are presented in
Table 3. There was no consistent use of US definitions used to define each
US feature associated with OA. Common inconsistencies were evident
between individual studies interpretation of the different entities of sy-
novial pathology. How individual studies differentiated synovitis, joint
effusion and synovial hypertrophy as either a single or combined entity
determined how that feature was defined. Definitions of the imaging
appearance of the US features were provided in 23 studies [25,38,41,45,
46,49,51-62,64-68]. Only 16 of those studies included a definition for
each US feature evaluated, of which four studies referred to a previous
study for definition of pathology [38,41,49,51] (Supplementary data 2).
Eight studies did not define any of the US features evaluated [37,40,
42-44,47,48,50].

Table 3
Defining and of grading of OA features using USL.

Osteoarthritis and Cartilage Open 3 (2021) 100194

3.5. Grading US features associated with OA

A summary of how each US feature was graded in the 32 reviewed
studies is presented in Table 3. There was also no consistent way in which
each US feature was graded to classify the degree of pathological change
in joint tissue. The variation between studies made comparison difficult
and leaves grading of US features open to interpretation. The grading
systems applied were either dichotomous, semiquantitative, or contin-
uous. The majority of studies applied a previously developed grading
system to evaluate each US OA feature (Table 4). Table 4 outlines studies
that cited a previously developed grading system.

3.6. Use of an US atlas

Of the 32 studies included, six reported using an US atlas to assist with
grading of US features [25,39,42,45,46,68]. Across the six studies, six
different US features were assessed. An US atlas was only used as a
reference to evaluate synovitis, PD activity, cartilage damage and
osteophytes. Three studies [24,42,46], applied the same US atlas that was
originally developed to assess synovitis in rheumatoid arthritis (RA)
[69]. One study developed an original US atlas to grade osteophytes in
finger joints [25], which was later used by two studies to grade severity
of finger joint osteophytes [39,45]. The later study also developed a new
US atlas to grade cartilage [45]. Hammer et al. [45] was the only
included study that used multiple US atlases to assist grading of all fea-
tures evaluated. Neither foot study used an US atlas to assist grading.

3.7. Reliability of grading US features

Twenty studies evaluated reliability of grading US features [25,37,39,
44,45,48-52,55-62,65,68]. The reliability of grading PD signal and
osteophytes were the most commonly evaluated features. Seventeen

Sonographic Definition Grading system
feature - . K -
Semiquantitative Dichotomous Continuous
(present or absent) (mm)

Osteophytes Cortical protrusion >1 mm at the end of the normal bone contour or at the margin of [38,42,44,49,54,55,60,63, [37,40,51,53,56,57, NR
the joint 65] 60,62]
[38,44,51,53,55-57,60-62,66]

Erosions Irregularity of the hyperechoic cortical bone, evident in two perpendicular planes NR [37,40,56,57] NR
[38,40,50,571

Articular cartilage Loss of the normal sharpness of cartilage interfaces, irregularities/thinning of the [44] [53,58,65] [59]

damage margins and/or increased echogenicity of the cartilage

[53,58,65]

Synovitis
compressible material
[45,53]

A composite of effusion and synovial thickening
[24,38,48,59-61]
Synovial
hypertrophy
increased vascularity
[38,48,52]

Joint effusion
compressible but does not exhibit power Doppler signal
[38,48,50,54,56,57,64,66]

Power Doppler

activity presence of vascularisation

[24,38,40,45,48,50,52,53,61,62,64]

Joint space Decrease in the space between the cortical margins

narrowing [53,61,62]
Tenosynovitis A hypoechoic rim around tendon with or without PD signal
[56,57].

Distension of the joint capsule >1.5 mm in its anteroposterior diameter with

Abnormal hypoechoic intraarticular tissue or thickening of the synovial membrane

that is non-displaceable and poorly compressible and is often associated with

Abnormal hypoechoic or anechoic intra-articular material that is displaceable and

A pulsating colour spot found within the synovial structure, which represented

[24,36-38,40,45,48,60,61,
63]

[41,53,56,57,59,60]  NR

[39,43,46-49,52,54] [40,50,65,66] NR

[24,39,47-49,52,54,64] [40,50,56,57,65,66] NR

[24,36,37,39,40,43-45, [36,38,50,53,57,59, NR

47-49,52,54,61-65] 66]
NR [53,61,62] NR
NR [56,57] NR

NR, Not reported.
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Table 4
Origin of grading system applied to evaluate USI OA features.

Osteoarthritis and Cartilage Open 3 (2021) 100194

Sonographic feature

Origin of grading system (number of studies which applied a grading system)

Semiquantitative Dichotomous (present or absent) Continuous
Grading system referenced  Studies that referenced system Grading system Studies that referenced (mm)
referenced system
Osteophytes 4x Mathiessen [27] [38,42,44,65] 1x Keen [60] [62] NR
2x Keen [60] [27,63]
1x Kortekaas [48] [49]
1x Hammer [69] [27]
Erosions NR NR 1x Wakefield [80] [40] NR
Articular cartilage NR NR 1x Iagnocco [58] [65] NR
damage
Synovitis 5x Keen [60] [36,38,48,61,63] 1x Hammer [69] [41] [59] [60] NR
2x Hammer [69] [45,68] 1x Keen [60]
1x Terslev®® [371 1x Wakefield [80]
1x Mand1®® [40]
1x Mathiessen [27] [75]
Synovial hypertrophy 5x Kortekaas [48] [39,46,47,49,52] [43,54] [38,48] [65] 1x Terslev®® [65] NR
2x Szkudlarek®® [40]
2x Keen (2008) [60]
1x D'Agostino®!
1x MandI® 1x Wakefield [80] [50]
Joint effusion 5x Kortekaas [48] [39,46,47,49,52] 1x Terslev®® [65] NR
2x Szkudlarek®® [54,64]
1x MandI® [401
1x Keen [60] [48] 1x Wakefield [80] [50]
Power Doppler activity 5x Kortekaas [48] [39,46,47,49,52] 2x Wakefield [80] [38,50] NR
4x Keen [60] [36,48,61,63]
2x Hammer [69]1x [42,45]
Terslev®® [37]
1x MandI® [40]
1x Szkudlarek® [43]
1x D‘Agostinogl [65] 1x Keen [60] [62]
Joint space narrowing NR NR NR NR NR
Tenosynovitis NR NR NR NR NR

NR, Not reported.

studies assessed intra-rater reliability of grading US features [25,39,44,
45,48-51,55,57-62,65,68] and nine assessed inter-rater reliability of
grading US features [25,37,44,45,52,58,60,65,68]. Data was predomi-
nantly assessed by Kappa statistics and four studies assessed data by
intra-class correlation coefficients (ICC) [48-50,55]. One study assessed
agreement between US and magnetic resonance imaging (MRI) [56].
Supplementary data 4 outlines which studies assessed reliability for each
US feature, which grading system was applied to each feature, what type
of reliability was evaluated, and the sonographer(s) involved in the
assessment.

4. Discussion

This review investigated what US features were associated with OA in
peripheral joints, how these features were defined and graded, and the
reliability of assessing US features. There were inconsistencies between
studies in terms of what US features were assessed (synovitis, synovial
hypertrophy, joint effusion, tenosynovitis, PD signal, osteophytes, joint
erosions, cartilage breakdown, and joint space narrowing), how these
features were defined and what type of grading system (dichotomous,
semiquantitative, or continuous) was applied to determine degree of
osteoarthritic change. The methodological quality of the included studies
as assed by the CASP tool, demonstrated that only three of the 32 studies
met all the checklist criteria, with eight studies scored at 50% or less of
the criteria.

OA is characterised by both structural damage and inflammatory
abnormalities [4,66]. US enables evaluation of articular cartilage, bone,
and soft tissue [20,70-73]. The traditional view of OA as a cartilage-only
disease is obsolete and attention has now turned to the prognostic value
and role of synovitis [74]. Several studies have demonstrated an asso-
ciation between active synovitis and structural OA progression [24,47,

48,51]. This association indicates that US could identify those patients,
or those joints at greatest risk for progression and provide capacity for
earlier detection and assessment of OA-related change in peripheral
joints. Mathiessen et al. [75] highlighted the importance of US to obtain
an early diagnosis showing that US could detect inflammatory changes
five years earlier than what could be seen radiographically. Kortekaas
et al. [48] presented similar findings in hand OA, where osteophytes and
joint space narrowing progression were often preceded by PD activity
and synovitis. The synovial inflammation exhibited in early OA suggests
a window of opportunity may exist for interventions targeting the in-
flammatory processes [76], thus providing the ability to intervene before
irreversible structural damage occurs [77-79]. However, the use of US to
categorise OA-based change is limited by inconsistencies and the lack of
consensus as to which US features should specifically be evaluated to
diagnose and grade peripheral joint OA.

Defining US features also remains inconsistent as there are no uni-
versally accepted definitions for US features in OA. The OMERACT ul-
trasound working group have recommended provisional definitions of
US features considered to represent inflammatory arthritis [80]. Despite
the fact that OA is considered a non-inflammatory disorder, as the
leukocyte count is below the threshold that defines inflammatory dis-
orders [81], OMERACT ultrasound definitions were applied to OA in
some studies [25,39,41,51,55,59,60,64,66], but not consistently. In
terms of defining OA US features the key inconsistency identified in the
review was between the different entities of synovial pathology indica-
tive of inflammation. There were discrepancies across studies in terms of
how synovitis, synovial hypertrophy and joint effusion were defined and
categorised as US features. Consequently, it is unclear whether synovial
pathology is best represented as separate entities (joint effusion and sy-
novial hypertrophy) or combined as a single domain, termed “synovitis”.
The OMERACT ultrasound group recently proposed a new definition of
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synovitis detected by US, which encompasses the whole concept of sy-
novitis, “presence of a hypoechoic synovial hypertrophy regardless of the
presence of effusion or any grade of Doppler signal” [82]. Due to the
recent publication of this study, none of the studies included in this re-
view applied the revised OMERACT definition.

No study reported following an international consensus-based stan-
dard for grading OA features. There was no clear consensus as to which
type of grading system (dichotomous or semiquantitative) should be
applied for specific US features of peripheral joint OA. While dichoto-
mous scoring may be viewed as a simpler method to distinguish between
the absence or presence of a feature, it presents no mechanism to
determine the progression of peripheral joint OA. Alternatively, semi-
quantitative systems do enable quantification of disease progression and
provide further insight into the degree of osteoarthritic change. How-
ever, semiquantitative grading systems applied to OA were adopted from
those originally designed and validated to quantify inflammatory change
in RA. This assumes that inflammatory pathology is only quantitatively
but not qualitatively different between RA and OA [67,83]. Issues related
to the subjectivity of semiquantitative systems have also been high-
lighted, with studies reporting challenges in interpretation and differ-
entiation between grades [37]. In particular, the low frequency of
inflammatory pathology that is graded as severe on a semiquantitative
system, may be reflective of the reduced degree of inflammation expe-
rienced in OA compared to RA [37,48]. This reinforces the need for
OA-specific grading systems that truly depict the disease progression of
peripheral joint OA.

An US atlas permits the sonographer to have a direct comparison
between the detected US features and examples of defined graded images
in the atlas, reducing the degree of subjectivity related to grading [45].
Previously published studies have emphasised the need for the devel-
opment of an US atlas to accompany protocols [84], due to variability in
image interpretation [67,85]. This review demonstrated that the use of a
US atlas to aid grading of US features in peripheral joints was limited.
Significantly, an US atlas which depicts and quantifies the degree of
structural and inflammatory change for multiple peripheral joint OA
features has not been developed. The review also found that atlas use is
limited by two factors. First, despite most studies assessing multiple US
features, no study included an atlas that graded more than one US
feature. Second, US atlases used to grade OA have been extrapolated
from atlases originally developed to grade US features in RA.

The variation in intra-rater and inter-rater reliability from poor to
excellent across all studies is attributable to several factors including
what US features were evaluated, variation in how each US feature was
defined, variation in the type of grading system applied, whether an US
atlas was utilised, the use of multiple sonographers involved in the
assessment, and the academic background and/or experience of the
sonographers. There is a general opinion that US is heavily operator
dependent for image acquisition and interpretation [86]. However, US
has previously demonstrated a strong correlation with MRI in principal
OA features [67]. US has been shown to be as reliable as other imaging
modalities when a standardised US acquisition protocol and grading
systems is used [86].

This systematic review is not without limitations. Potential sources of
heterogeneity include differences in diagnostic criteria, populations, and
case definitions, this variation limited the ability to perform meta-
analysis. All relevant studies were included in this systematic review,
regardless of methodological quality. We restricted the search to studies
published in English. Inclusion of data from non-English language studies
may alter the outcomes. We excluded studies that included participants
with inflammatory arthritis even as a comparator group. Inclusion of
participants with RA as a comparator group may have provided more
insight or enabled a stronger comparison between grades of inflamma-
tion and allowed the direct comparison between definitions and grading
systems applied.

Future US imaging studies of peripheral joints will be improved by
including more ethnic and age diverse populations, and assessment of
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changes in asymptomatic healthy controls as well as those who are
symptomatic or have radiographic change. The prevalence and burden of
OA is not uniform across demographic groups. However, there is a dearth
of research examining ethnic differences in peripheral joint OA. Minority
populations, especially African American, Hispanic, Maori and Pasifika
experience poorer health outcomes (such as pain and disability). Future
research should proactively recruit an ethnic diverse population to
ensure there is adequate data to undertake an ethnic specific analysis and
examine what factors are contributing to these disparities. Future studies
should include 3D US to provide further diagnostic information and
allow quantification of osteoarthritic change. 3D US provides numerous
advantages including visualisation of the coronal plane, image recon-
struction, reduced scanning time and limits the influence the sonogra-
phers experience has on image acquisition. This would be of particular
interest for the determination of the extent of peripheral joint synovitis.
Standardisation is also required regarding imaging acquisition protocols,
definitions, grading systems, and US atlases. These items align with the
recently developed EULAR US recommendation checklist to ensure
transparent and comprehensive reporting of US research in rheumatic
and musculoskeletal diseases [87]. Addressing these inconsistencies in
US research will considerably improve the interpretability, reproduc-
ibility and generalisability of the study results [87]. US holds significant
promise as a diagnostic tool in OA, providing prognostic information as
well as advancing clinical decision making to reduce the burden of pe-
ripheral joint OA. As indicated by the review there is a dearth of US
research related to foot OA, consequently more foot specific US research
is required to understand the progression of foot OA.

5. Conclusion

US presents an alternative to plain radiography for the imaging-based
diagnosis of peripheral joint OA. However, no standardised US grading
system exists to classify and grade the disease process. This review has
demonstrated the large degree of variation in what OA features were
assessed, how features were defined, and what graded system was
applied. The key inconsistency identified was between the different en-
tities of synovial pathology indicative of inflammation. Consequently, it
is unclear whether synovial pathology is best represented as separate
entities or combined as a single domain, termed “synovitis”. How OA
features were defined and graded has largely been extrapolated from
recommendations originally constructed for populations with RA. Given
the prognostic value of synovitis for OA progression and the reduced
degree of inflammation experienced in OA compared to RA, the validity
of applying definitions, grading systems and atlases originally developed
for inflammatory arthritis needs consideration. This review strengthens
the case for further refinement and validation of OA definitions, grading
systems and US atlases specific to peripheral joints.

Contributions

All authors (PM, CB, RF, MF, KR and MC) were responsible for the
conception and design of the research. PM and MC were responsible for
reviewing articles, analysing data, interpreting the results. PM and MF
participated in the Quality Scoring process. All authors were responsible
for the preparation and review of the manuscript prior to submission for
publication. All authors read and approved the final manuscript.

Role of the funding source

The project is funded by the Health Research Council of New Zealand.
This organisation had no role in the study design, collection, analysis, or
interpretation of the data or in the decision to submit the article for
publication.



P. Molyneux et al.

Declaration of competing interest

All authors declare they have no competing interests.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https

://doi.org/10.1016/j.0ocarto.2021.100194.

References

[1]

[2]

[3]

[4]

(5]
(61
71
[81

[9

—

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]
[22]
[23]

[24]

[25]

[26]

A. Tagnocco, C. Rizzo, A. Gattamelata, C. Vavala, F. Ceccarelli, E. Cravotto, et al.,
Osteoarthritis of the foot: a review of the current state of knowledge, Med.
ultrasonogr. 15 (2013) 35-40.

D.J. Hunter, D. Schofield, E. Callander, The individual and socioeconomic impact of
osteoarthritis, Nat. Rev. Rheumatol. 10 (2014) 437.

A. Delle Sedie, L. Riente, E. Filippucci, C. Scire, A. Iagnocco, G. Meenagh, et al.,
Ultrasound imaging for the rheumatologist XXXII. Sonographic assessment of the
foot in patients with psoriatic arthritis, Clin. Exp. Rheumatol. 29 (2011) 217-222.
M.D. Crema, F.W. Roemer, M.D. Marra, A. Guermazi, MR imaging of intra-and
periarticular soft tissues and subchondral bone in knee osteoarthritis, Radiol. Clin.
47 (2009) 687-701.

A. Tagnocco, Imaging the joint in osteoarthritis: a place for ultrasound? Best practice
& research, Clin. Rheumatol. 24 (2010) 27-38.

G. Meenagh, E. Filippucci, A. Iagnocco, A. Delle Sedie, L. Riente, S. Bombardieri, et
al., Ultrasound imaging for the rheumatologist-VIII. Ultrasound imaging in
osteoarthritis, Clin. Exp. Rheumatol. 25 (2007) 172-175.

D.J. Hunter, S. Bierma-Zeinstra, Osteoarthritis, Lancet 393 (2019) 1745-1759.
K.D. Allen, Y.M. Golightly, State of the evidence, Curr. Opin. Rheumatol. 27 (2015)
276-283.

E.R. Vina, C.K. Kwoh, Epidemiology of osteoarthritis: literature update, Curr. Opin.
Rheumatol. 30 (2018) 160-167.

Y.M. Golightly, L.S. Gates, Foot Osteoarthritis: Addressing an Overlooked Global
Public Health Problem, Wiley Online Library, 2020.

E. Roddy, M.J. Thomas, M. Marshall, T. Rathod, H. Myers, H.B. Menz, et al., The
population prevalence of symptomatic radiographic foot osteoarthritis in
community-dwelling older adults: cross-sectional findings from the clinical
assessment study of the foot, Ann. Rheum. Dis. 74 (2015) 156-163.

M.J. Thomas, G. Peat, T. Rathod, M. Marshall, A. Moore, H.B. Menz, et al., The
epidemiology of symptomatic midfoot osteoarthritis in community-dwelling older
adults: cross-sectional findings from the Clinical Assessment Study of the Foot,
Arthritis Res. Ther. 17 (2015) 178.

S.M. Bergin, S.E. Munteanu, G.V. Zammit, N. Nikolopoulos, H.B. Menz, Impact of
first metatarsophalangeal joint osteoarthritis on health-related quality of life,
Arthritis Care Res. 64 (2012) 1691-1698.

H.B. Menz, S.E. Munteanu, K.B. Landorf, G.V. Zammit, F.M. Cicuttini, Radiographic
classification of osteoarthritis in commonly affected joints of the foot, Osteoarthritis
Cartilage 15 (2007) 1333-1338.

J. Kellgren, J. Lawrence, Radiological assessment of osteo-arthrosis, Ann. Rheum.
Dis. 16 (1957) 494.

D.J. Hart, T.D. Spector, The classification and assessment of osteoarthritis, Bailliere.
Clin. Rheumatol. 9 (1995) 407-432.

R.J. Wakefield, W.W. Gibbon, P.G. Conaghan, P. O'Connor, D. McGonagle, C. Pease,
et al., The value of sonography in the detection of bone erosions in patients with
rheumatoid arthritis: a comparison with conventional radiography, Arthritis
Rheumatol. 43 (2000) 2762-2770.

S. Dahaghin, S.M. Bierma-Zeinstra, A. Ginai, H. Pols, J. Hazes, B. Koes, Prevalence
and pattern of radiographic hand osteoarthritis and association with pain and
disability (the Rotterdam study), Ann. Rheum. Dis. 64 (2005) 682-687.

S.B. Abramson, M. Attur, Developments in the scientific understanding of
osteoarthritis, Arthritis Res. Ther. 11 (2009) 227.

G. Sakellariou, P.G. Conaghan, W. Zhang, J.W. Bijlsma, P. Boyesen, M.A. D'agostino,
et al., EULAR recommendations for the use of imaging in the clinical management
of peripheral joint osteoarthritis, Ann. Rheum. Dis. 76 (2017) 1484-1494.

H.IL Keen, R. Wakefield, P. Conaghan, A systematic review of ultrasonography in
osteoarthritis, Ann. Rheum. Dis. 68 (2009) 611-619.

Ultrasound in the study and monitoring of osteoarthritis, Osteoarthritis Cartilage 16
(Suppl 3) (2008) S4-S7.

H.L Keen, P.G. Conaghan, Ultrasonography in osteoarthritis, Radiol. Clin. 47 (2009)
581-594.

A. Mathiessen, B. Slatkowsky-Christensen, T.K. Kvien, H.B. Hammer, I.K. Haugen,
Ultrasound-detected inflammation predicts radiographic progression in hand
osteoarthritis after 5 years, Ann. Rheum. Dis. 75 (2016) 825-830.

A. Mathiessen, I.K. Haugen, B. Slatkowsky-Christensen, P. Boyesen, T.K. Kvien,
H.B. Hammer, Ultrasonographic assessment of osteophytes in 127 patients with
hand osteoarthritis: exploring reliability and associations with MRI, radiographs
and clinical joint findings, Ann. Rheum. Dis. 72 (2013) 51-56.

R. Wittoek, L. Jans, V. Lambrecht, P. Carron, K. Verstraete, G. Verbruggen,
Reliability and construct validity of ultrasonography of soft tissue and destructive
changes in erosive osteoarthritis of the interphalangeal finger joints: a comparison
with MRI, Ann. Rheum. Dis. 70 (2011) 278-283.

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]
[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

Osteoarthritis and Cartilage Open 3 (2021) 100194

R. Wakefield, M. Green, H. Marzo-Ortega, P. Conaghan, W. Gibbon, D. McGonagle,
et al., Should oligoarthritis be reclassified? Ultrasound reveals a high prevalence of
subclinical disease, Ann. Rheum. Dis. 63 (2004) 382-385.

M. Backhaus, G. Burmester, T. Gerber, W. Grassi, K. Machold, W. Swen, et al.,
Guidelines for musculoskeletal ultrasound in rheumatology, Ann. Rheum. Dis. 60
(2001) 641-649.

A. Mathiessen, I.K. Haugen, B. Slatkowsky-Christensen, P. Bgyesen, T.K. Kvien,
H.B. Hammer, Ultrasonographic assessment of osteophytes in 127 patients with
hand osteoarthritis: exploring reliability and associations with MRI, radiographs
and clinical joint findings, Ann. Rheum. Dis. 72 (2013) 51-56.

J. Podlipskd, A. Guermazi, P. Lehenkari, J. Niinimé&ki, F.W. Roemer, J.P. Arokoski,
et al., Comparison of diagnostic performance of semi-quantitative knee ultrasound
and knee radiography with MRI: oulu knee osteoarthritis study, Sci. Rep. 6 (2016)
22365.

X. Baraliakos, P.G. Conaghan, M.-A. D'Agostino, W. Maksymowych, E. Naredo,

M. Ostergaard, et al., Imaging in rheumatoid arthritis, psoriatic arthritis, axial
spondyloarthritis, and osteoarthritis: an international viewpoint on the current
knowledge and future research priorities, Eur. J. Rrheumatol. 6 (2019) 38.

A. Liberati, D.G. Altman, J. Tetzlaff, C. Mulrow, P.C. Ggtzsche, J.P. loannidis, et al.,
The PRISMA statement for reporting systematic reviews and meta-analyses of
studies that evaluate health care interventions: explanation and elaboration, J. Clin.
Epidemiol. 62 (2009) el-e34.

K. Godin, J. Stapleton, S.I. Kirkpatrick, R.M. Hanning, S.T. Leatherdale, Applying
systematic review search methods to the grey literature: a case study examining
guidelines for school-based breakfast programs in Canada, Syst. Rev. 4 (2015) 1-10.
V. Innovation, Covidence Systematic Review Software, 2017. Melbourne, Australia.
Programme CAS. Critical Appraisal Skills Programme Vol. CASP Cohort Study
Checklist2019.

S. Nadelson, L.S. Nadelson, Evidence-based practice article reviews using CASP
tools: a method for teaching EBP, Worldviews Evidence-Based Nurs. 11 (2014)
344-346.

P. Steen Pettersen, T. Neogi, K. Magnusson, H.B. Hammer, T. Uhlig, T.K. Kvien, et
al., Associations between radiographic and ultrasound-detected features in hand
osteoarthritis and local pressure pain thresholds, Arthritis Rheumatol. 72 (2020)
966-971.

N.J. Besselink, J.W.G. Jacobs, A.A.A. Westgeest, P. van der Meijde, P.M.J. Welsing,
A.C.A. Marijnissen, et al., Can optical spectral transmission assess ultrasound-
detected synovitis in hand osteoarthritis? PloS One 14 (2019), e0209761.

W.M. Oo, L.A. Deveza, V. Duong, K. Fu, J.M. Linklater, E.A. Riordan, et al.,
Musculoskeletal ultrasound in symptomatic thumb-base osteoarthritis: clinical,
functional, radiological and muscle strength associations, BMC Muscoskel. Disord.
20 (2019) 220.

F.P.B. Kroon, S. van Beest, S. Ermurat, M.C. Kortekaas, J.L. Bloem, M. Reijnierse, et
al., In thumb base osteoarthritis structural damage is more strongly associated with
pain than synovitis, Osteoarthritis Cartilage 26 (2018) 1196-1202.

P. Sivakumaran, S. Hussain, C. Ciurtin, Comparison between several ultrasound
hand joint scores and conventional radiography in diagnosing hand osteoarthritis,
Ultrasound Med. Biol. 44 (2018) 544-550.

K. Magnusson, A. Mathiessen, H.B. Hammer, T.K. Kvien, B. Slatkowsky-Christensen,
B. Natvig, et al., Smoking and alcohol use are associated with structural and
inflammatory hand osteoarthritis features, Scand. J. Rheumatol. 46 (2017)
388-395.

A. Mathiessen, B. Slatkowsky-Christensen, T.K. Kvien, L.K. Haugen, H. Berner
Hammer, Ultrasound-detected osteophytes predict the development of radiographic
and clinical features of hand osteoarthritis in the same finger joints 5 years later,
RMD open 3 (2017), e000505.

NdO. Spolidoro Paschoal, J. Natour, F.S. Machado, H. Alcantara Veiga de Oliveira,
R.N. Vilar Furtado, Interphalangeal joint sonography of symptomatic hand
osteoarthritis: clinical and functional correlation, J. Ultrasound Med. : official
journal of the American Inst. Ultra. Med. 36 (2017) 311-319.

H.B. Hammer, A. Tagnocco, A. Mathiessen, E. Filippucci, F. Gandjbakhch,

M.C. Kortekaas, et al., Global ultrasound assessment of structural lesions in
osteoarthritis: a reliability study by the OMERACT ultrasonography group on
scoring cartilage and osteophytes in finger joints, Ann. Rheum. Dis. 75 (2016)
402-407.

LK. Haugen, A. Mathiessen, B. Slatkowsky-Christensen, K. Magnusson, P. Bgyesen,
S. Sesseng, et al., Synovitis and radiographic progression in non-erosive and erosive
hand osteoarthritis: is erosive hand osteoarthritis a separate inflammatory
phenotype? Osteoarthritis Cartilage 24 (2016) 647-654.

M.C. Kortekaas, W.Y. Kwok, M. Reijnierse, T. Stijnen, M. Kloppenburg, Brief report:
association of inflammation with development of erosions in patients with hand
osteoarthritis: a prospective ultrasonography study, Arthritis Care Res. 68 (2016)
392-397.

M.C. Kortekaas, W.Y. Kwok, M. Reijnierse, M. Kloppenburg, Inflammatory
ultrasound features show independent associations with progression of structural
damage after over 2 years of follow-up in patients with hand osteoarthritis, Ann.
Rheum. Dis. 74 (2015) 1720-1724.

M.C. Kortekaas, W.Y. Kwok, M. Reijnierse, I. Watt, T.W. Huizinga, M. Kloppenburg,
et al., Pain in hand osteoarthritis is associated with inflammation: the value of
ultrasound, Ann. Rheum. Dis. 69 (2010) 1367-1369.

M.C. Kortekaas, W.Y. Kwok, M. Reijnierse, T.W. Huizinga, M. Kloppenburg,

M.C. Kortekaas, et al., Osteophytes and joint space narrowing are independently
associated with pain in finger joints in hand osteoarthritis, Ann. Rheum. Dis. 70
(2011) 1835-1837.

L. Mancarella, O. Addimanda, P. Pelotti, E. Pignotti, L. Pulsatelli, R. Meliconi,
Ultrasound detected inflammation is associated with the development of new bone


https://doi.org/10.1016/j.ocarto.2021.100194
https://doi.org/10.1016/j.ocarto.2021.100194
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref1
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref1
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref1
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref1
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref2
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref2
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref3
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref3
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref3
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref3
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref4
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref4
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref4
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref4
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref5
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref5
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref5
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref6
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref6
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref6
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref6
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref7
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref7
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref8
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref8
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref8
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref9
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref9
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref9
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref10
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref10
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref11
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref11
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref11
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref11
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref11
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref12
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref12
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref12
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref12
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref13
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref13
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref13
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref13
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref14
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref14
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref14
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref14
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref15
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref15
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref16
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref16
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref16
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref17
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref17
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref17
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref17
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref17
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref18
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref18
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref18
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref18
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref19
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref19
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref20
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref20
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref20
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref20
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref21
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref21
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref21
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref22
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref22
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref22
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref23
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref23
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref23
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref24
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref24
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref24
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref24
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref25
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref25
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref25
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref25
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref25
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref26
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref26
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref26
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref26
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref26
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref27
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref27
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref27
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref27
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref28
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref28
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref28
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref28
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref29
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref29
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref29
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref29
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref29
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref30
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref30
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref30
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref30
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref30
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref30
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref31
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref31
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref31
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref31
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref32
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref32
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref32
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref32
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref32
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref33
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref33
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref33
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref33
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref34
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref36
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref36
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref36
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref36
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref37
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref37
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref37
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref37
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref37
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref38
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref38
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref38
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref39
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref39
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref39
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref39
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref40
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref40
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref40
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref40
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref41
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref41
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref41
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref41
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref42
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref42
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref42
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref42
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref42
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref43
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref43
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref43
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref43
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref44
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref44
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref44
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref44
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref44
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref44
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref45
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref45
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref45
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref45
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref45
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref45
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref46
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref46
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref46
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref46
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref46
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref47
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref47
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref47
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref47
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref47
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref48
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref48
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref48
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref48
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref48
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref49
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref49
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref49
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref49
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref50
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref50
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref50
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref50
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref50
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref51
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref51

P. Molyneux et al.

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

erosions in hand osteoarthritis: a longitudinal study over 3.9 years, Osteoarthritis
Cartilage 23 (2015) 1925-1932.

AM. Abraham, M.S. Pearce, K.D. Mann, R.M. Francis, F. Birrell, Population
prevalence of ultrasound features of osteoarthritis in the hand, knee and hip at age
63 years: the Newcastle thousand families birth cohort, BMC Muscoskel. Disord. 15
(2014) 162.

M.C. Kortekaas, W.Y. Kwok, M. Reijnierse, T.W. Huizinga, M. Kloppenburg, Follow-
up study of inflammatory ultrasound features in hand osteoarthritis over a period of
3 months: variable as well as constant, Osteoarthritis Cartilage 22 (2014) 40-43.
J. Uson, C. Fernandez-Espartero, V. Villaverde, E. Condes, J. Godo, M.J. Martinez-
Blasco, et al., Symptomatic and asymptomatic interphalageal osteoarthritis: an
ultrasonographic study, Reumatol. Clinica 10 (2014) 278-282.

M.C. Kortekaas, W.Y. Kwok, M. Reijnierse, T.W. Huizinga, M. Kloppenburg, In
erosive hand osteoarthritis more inflammatory signs on ultrasound are found than
in the rest of hand osteoarthritis, Ann. Rheum. Dis. 72 (2013) 930-934.

M. Vlychou, A. Koutroumpas, I. Alexiou, I. Fezoulidis, L.I. Sakkas, High-resolution
ultrasonography and 3.0 T magnetic resonance imaging in erosive and nodal hand
osteoarthritis: high frequency of erosions in nodal osteoarthritis, Clin. Rheumatol.
32 (2013) 755-762.

M. Vlychou, A. Koutroumpas, K. Malizos, L.I. Sakkas, M. Vlychou, A. Koutroumpas,
et al., Ultrasonographic evidence of inflammation is frequent in hands of patients
with erosive osteoarthritis, Osteoarthritis Cartilage 17 (2009) 1283-1287.

A. Tagnocco, P. Conaghan, P. Aegerter, 1. Moller, G. Bruyn, I. Chary-Valckenaere, et
al., The reliability of musculoskeletal ultrasound in the detection of cartilage
abnormalities at the metacarpo-phalangeal joints, Osteoarthritis Cartilage 20
(2012) 1142-1146.

L. Mancarella, M. Magnani, O. Addimanda, E. Pignotti, S. Galletti, R. Meliconi, et
al., Ultrasound-detected synovitis with power Doppler signal is associated with
severe radiographic damage and reduced cartilage thickness in hand osteoarthritis,
Osteoarthritis Cartilage 18 (2010) 1263-1268.

H.L Keen, F. Lavie, R.J. Wakefield, M.A. D'Agostino, H.B. Hammer, E. Hensor, et al.,
The development of a preliminary ultrasonographic scoring system for features of
hand osteoarthritis, Ann. Rheum. Dis. 67 (2008) 651-655.

H.IL Keen, R.J. Wakefield, A.J. Grainger, E.M. Hensor, P. Emery, P.G. Conaghan, An
ultrasonographic study of osteoarthritis of the hand: synovitis and its relationship to
structural pathology and symptoms, Arthritis Care Res. 59 (2008) 1756-1763.
H.I Keen, R.J. Wakefield, A.J. Grainger, E.M. Hensor, P. Emery, P.G. Conaghan, Can
ultrasonography improve on radiographic assessment in osteoarthritis of the hands?
A comparison between radiographic and ultrasonographic detected pathology, Ann.
Rheum. Dis. 67 (2008) 1116-1120.

C.M. Fjellstad, A. Mathiessen, B. Slatkowsky-Christensen, T.K. Kvien, H.B. Hammer,
LK. Haugen, Associations between ultrasound-detected synovitis, pain, and function
in interphalangeal and thumb base osteoarthritis: data from the nor-hand cohort,
Arthritis Care Res. 72 (2020) 1530-1535.

S. Arrestier, C. Rosenberg, F. Etchepare, S. Rozenberg, V. Foltz, B. Fautrel, 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 78 (2011) 65-69.

A. Zabotti, G. Filippou, M. Canzoni, A. Adinolfi, V. Picerno, G. Carrara, et al.,
OMERACT agreement and reliability study of ultrasonographic elementary lesions
in osteoarthritis of the foot, RMD open 5 (2019), e000795.

A. Tagnocco, E. Filippucci, L. Riente, G. Meenagh, A. Delle Sedie, G. Sakellariou, et
al., Ultrasound imaging for the rheumatologist XXXV. Sonographic assessment of
the foot in patients with osteoarthritis, Clin. Exp. Rheumatol. 29 (2011) 757-762.
W.M. Oo, J.M. Linklater, M. Daniel, S. Saarakkala, J. Samuels, P.G. Conaghan, et al.,
Clinimetrics of ultrasound pathologies in osteoarthritis: systematic literature review
and meta-analysis, Osteoarthritis Cartilage 26 (2018) 601-611.

[68]

[69]

[70]

[71]

[72]
[73]
[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

Osteoarthritis and Cartilage Open 3 (2021) 100194

A. Mathiessen, M.A. Cimmino, H.B. Hammer, L.K. Haugen, A. Iagnocco,

P.G. Conaghan, Imaging of osteoarthritis (OA): what is new? Best practice &
research, Clin. Rheumatol. 30 (2016) 653-669.

H.B. Hammer, P. Bolton-King, V. Bakkeheim, T.H. Berg, E. Sundt, A.K. Kongtorp, et
al., Examination of intra and interrater reliability with a new ultrasonographic
reference atlas for scoring of synovitis in patients with rheumatoid arthritis, Ann.
Rheum. Dis. 70 (2011) 1995-1998.

W. Grassi, G. Lamanna, A. Farina, C. Cervini, Sonographic imaging of normal and
osteoarthritic cartilage, Semin. Arthritis Rheum. 28 (1999) 398-403.

A. Tagnocco, E. Filippucci, A. Ossandon, A. Ciapetti, F. Salaffi, S. Basili, et al., High
resolution ultrasonography in detection of bone erosions in patients with hand
osteoarthritis, J. Rheumatol. 32 (2005) 2381-2383.

W. Grassi, E. Filippucci, A. Farina, C. Cervini, Sonographic imaging of the distal
phalanx, Semin. Arthritis Rheum. 29 (2000) 379-384.

D. Hayashi, F.W. Roemer, A. Guermazi, Imaging of osteoarthritis-recent research
developments and future perspective, Br. J. Radiol. 91 (2018) 20170349.

J. Sellam, F. Berenbaum, The role of synovitis in pathophysiology and clinical
symptoms of osteoarthritis, Nat. Rev. Rheumatol. 6 (2010) 625-635.

A. Mathiessen, B. Slatkowsky-Christensen, T.K. Kvien, H.B. Hammer, I.K. Haugen,
Ultrasound-detected inflammation predicts radiographic progression in hand
osteoarthritis after Syears, Ann. Rheum. Dis. 75 (2016) 825-830.

J. Sokolove, C.M. Lepus, Role of inflammation in the pathogenesis of osteoarthritis:
latest findings and interpretations, Therapeut. Adv. Musculoskel. Dis. 5 (2013)
77-94.

J.-P. Pelletier, J.-P. Raynauld, F. Abram, B. Haraoui, D. Choquette, J. Martel-
Pelletier, A new non-invasive method to assess synovitis severity in relation to
symptoms and cartilage volume loss in knee osteoarthritis patients using MRI,
Osteoarthritis Cartilage 16 (2008) S8-S13.

F.W. Roemer, A. Guermazi, D.T. Felson, J. Niu, M.C. Nevitt, M.D. Crema, 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. 70 (2011) 1804-1809.

X. Ayral, E. Pickering, T. Woodworth, N. Mackillop, M. Dougados, Synovitis: a
potential predictive factor of structural progression of medial tibiofemoral knee
osteoarthritis-results of a 1 year longitudinal arthroscopic study in 422 patients,
Osteoarthritis Cartilage 13 (2005) 361-367.

R. Wakefield, P.V. Balint, M. Szkudlarek, E. Filippucci, M. Backhaus, M.-

A. D'Agostino, et al., Musculoskeletal ultrasound including definitions for
ultrasonographic pathology, J. Rheumatol. 32 (2005) 2485-2487.

M. Dougados, Synovial fluid cell analysis, Bailliere. Clin. Rheumatol. 10 (1996)
519-534.

G.A. Bruyn, A. Iagnocco, E. Naredo, P.V. Balint, M. Gutierrez, H.B. Hammer, et al.,
OMERACT definitions for ultrasonographic pathologies and elementary lesions of
rheumatic disorders 15 years on, J. Rheumatol. 46 (2019) 1388-1393.

A. Kuryliszyn-Moskal, Comparison of blood and synovial fluid lymphocyte subsets
in rheumatoid arthritis and osteoarthritis, Clin. Rheumatol. 14 (1995) 43-50.
G.A. Bruyn, E. Naredo, N. Damjanov, A. Bachta, P. Baudoin, H.B. Hammer, et al., An
OMERACT reliability exercise of inflammatory and structural abnormalities in
patients with knee osteoarthritis using ultrasound assessment, Ann. Rheum. Dis. 75
(2016) 842-846.

AK. Scheel, W.A. Schmidt, K.A. Hermann, G.A. Bruyn, M.-A. D'Agostino, W. Grassi,
et al., Interobserver reliability of rheumatologists performing musculoskeletal
ultrasonography: results from a EULAR “Train the trainers” course, Ann. Rheum.
Dis. 64 (2005) 1043-1049.

A.E. Nelson, Turning the page in osteoarthritis assessment with the use of
ultrasound, Curr. Rheumatol. Rep. 22 (2020) 1-8.

F. Costantino, L. Carmona, M. Boers, M. Backhaus, P.V. Balint, G.A. Bruyn, et al.,
EULAR recommendations for the reporting of ultrasound studies in rheumatic and
musculoskeletal diseases (RMDs), Ann. Rheum. Dis. (2021).


http://refhub.elsevier.com/S2665-9131(21)00057-1/sref51
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref51
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref51
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref52
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref52
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref52
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref52
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref53
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref53
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref53
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref53
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref54
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref54
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref54
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref54
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref55
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref55
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref55
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref55
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref56
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref56
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref56
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref56
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref56
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref57
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref57
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref57
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref57
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref58
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref58
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref58
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref58
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref58
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref58
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref59
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref59
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref59
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref59
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref59
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref60
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref60
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref60
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref60
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref61
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref61
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref61
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref61
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref62
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref62
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref62
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref62
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref62
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref63
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref63
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref63
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref63
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref63
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref64
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref64
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref64
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref64
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref64
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref65
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref65
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref65
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref66
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref66
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref66
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref66
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref67
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref67
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref67
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref67
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref68
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref68
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref68
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref68
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref69
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref69
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref69
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref69
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref69
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref70
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref70
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref70
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref71
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref71
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref71
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref71
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref72
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref72
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref72
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref73
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref73
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref74
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref74
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref74
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref75
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref75
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref75
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref75
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref76
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref76
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref76
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref76
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref77
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref77
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref77
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref77
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref77
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref78
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref78
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref78
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref78
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref78
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref79
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref79
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref79
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref79
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref79
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref79
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref80
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref80
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref80
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref80
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref81
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref81
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref81
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref82
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref82
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref82
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref82
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref83
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref83
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref83
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref84
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref84
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref84
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref84
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref84
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref85
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref85
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref85
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref85
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref85
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref86
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref86
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref86
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref87
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref87
http://refhub.elsevier.com/S2665-9131(21)00057-1/sref87

	Evaluation of osteoarthritic features in peripheral joints by ultrasound imaging: A systematic review
	1. Introduction
	2. Methods
	2.1. Search strategy
	2.2. Inclusion and exclusion criteria
	2.3. Methodological quality assessment
	2.4. Data extraction

	3. Results
	3.1. Selection and characteristics of studies
	3.2. Quality assessment of studies
	3.3. US features associated with OA
	3.4. Defining US features associated with OA
	3.5. Grading US features associated with OA
	3.6. Use of an US atlas
	3.7. Reliability of grading US features

	4. Discussion
	5. Conclusion
	Contributions
	Role of the funding source

	Declaration of competing interest
	Appendix A. Supplementary data
	References


