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juvenile idiopathic arthritis were excluded.

ment in patients with RA.

Background This study aimed to provide an overview of ultrasonographic cartilage evaluation in patients with rheu-
matoid arthritis (RA) and identify research gaps in the utilization of cartilage evaluation.

Methods The study was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Extension for Scoping Reviews guidelines. A systematic literature search of the PubMed, Embase, and
Cochrane Library databases was conducted for articles published up to July 2022 using the search term variations

of “cartilage,“ultrasonography,”and “rheumatoid arthritis” Studies that included patients with RA who underwent
cartilage evaluation by ultrasonography were selected. Articles published in languages other than English and about

Results Twenty-nine articles were identified. Most were cross-sectional studies (86%), mainly involving the meta-
carpophalangeal (55%) and knee (34%) joints. Assessments were performed using quantitative, binary, and semi-
guantitative methods in 15, 10, and 15 studies, respectively. Reliability assessments were conducted in 10 studies,
which showed feasible reliability but were limited to the finger joints. The validity assessment was validated in one
study each that compared cartilage thickness measurements with cadaveric specimens and histological and semi-
quantitative methods with surgical specimens, respectively. Comparisons with conventional radiography were also
performed in six studies, which showed significant correlations. However, there was heterogeneity in the examination
and assessment methods, and no adequate longitudinal evaluation was conducted.

Conclusion This review highlights the need for further research and validation of ultrasonographic cartilage assess-

Keywords Cartilage, Ultrasonography, Rheumatoid arthritis, Scoping review

Background

Rheumatoid arthritis (RA) is a systemic autoimmune dis-
ease that predominantly involves the peripheral joints. It
is characterized by the inflammatory proliferation of the
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synovium of the joints. Persistent synovitis causes bone
and cartilage damage, leading to joint destruction and
deformity.

To date, joint destruction has mainly been evaluated
using conventional radiography (CR), which is simple,
inexpensive, and widely used worldwide [1]. With CR,
bone destruction can be evaluated through bone erosion
and cartilage destruction based on joint space narrow-
ing (JSN); however, early onset and minute changes are
difficult to detect. Therefore, early diagnosis and moni-
toring of therapeutic targets using modern therapeutic
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strategies, such as biological disease-modifying antirheu-
matic drugs, may not be sufficient. In contrast, high-
sensitivity imaging examinations such as magnetic
resonance imaging (MRI) and ultrasonography (US)
have been shown to detect joint damage earlier and with
higher sensitivity [2]. Cartilage damage can particu-
larly be evaluated indirectly by CR but can be evaluated
directly using MRI and US [3, 4].

Compared with MRI, US is easier, less expensive, and
has a higher resolution; therefore, it is considered useful
for cartilage evaluation, including small joints. To date,
cartilage evaluation using US has mainly been performed
by quantitative evaluation based on thickness measure-
ment and by binary evaluation based on the presence or
absence of cartilage damage or graded semi-quantitative
evaluation. However, in previous studies [5], the evalua-
tion methods varied, and it is unclear which method is
valid and valuable. Data are also lacking on their distin-
guishing abilities from other cartilage-damaging diseases,
such as osteoarthritis (OA) and their usefulness as a
monitoring tool in patients with RA. Therefore, the use-
fulness of cartilage evaluation by US in RA has not been
fully clarified, which is one of the reasons why it is not
used in daily clinical practice. This scoping review aimed
to provide a current overview of cartilage evaluation by
US in RA and identify research gaps in the utilization of
cartilage evaluation.

Methods

The study methodology was conducted in line with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Extension for Scoping Reviews guidelines
[6, 7]. The preregistered protocol was not submitted prior
to this review.

Search strategy

The following bibliographic databases were screened:
PubMed (from inception to July 2022), Embase (from
inception to July 2022), and Cochrane Library (from
inception to July 2022). The search terms included were
variations of “cartilage,” “ultrasonography,” and “rheuma-
toid arthritis” The final search formulae are presented in
the supplementary data. All citations were imported into
the web-based bibliographic manager, RefWorks 2.0 (Ref-
Works-COS, Bethesda, MD, USA), and duplicate cita-
tions were removed manually for the subsequent title and
abstract relevance screening and data characterization of
full articles.

Study selection and data extraction

First, two authors independently reviewed the titles and
abstracts of the identified studies. Second, the full text
of each study that was deemed relevant was retrieved
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and independently reviewed by the two authors. Each
author compiled a list of studies that met the inclusion
and exclusion criteria. The lists were compared, and disa-
greements were resolved through discussion and consen-
sus. Peer-reviewed articles that included patients with
RA whose hyaline cartilage was examined ex vivo using
US were selected. Studies involving juvenile idiopathic
arthritis were excluded because the cartilage of adults
and children are largely different [8, 9]. Case reports,
review articles, letters to the editor, and conference
abstracts were excluded from the analysis. In addition,
articles published in languages other than English were
excluded because of the limited resources for translation.

The data were extracted by one researcher and subse-
quently validated by a second researcher. Disagreements
were resolved through discussions. For each selected
study, the following data were extracted: study design,
patient characteristics, joints assessed, evaluation meth-
ods, reliability, validity, and US techniques.

Results

Figure 1 shows the flow diagram of the article selection
process. A total of 687 citation records were screened
from PubMed (#=207), Embase (n=468), and the
Cochrane Library (n=12). No citations were obtained
by cross-referencing or related article searches. After
removing duplicates, articles were screened based on the
inclusion and exclusion criteria by reviewing the titles
and abstracts. Forty-nine full-text articles were reviewed,
of which 29 were included in the final analysis.

Study characteristics

Table 1 shows the characteristics of the 29 included stud-
ies. One interventional study (3%) assessed changes over
52 weeks [10], whereas others were observational stud-
ies. Most of these were cross-sectional studies (25/29,
86%); one was a longitudinal study (assessed changes
over 12 months) [11], and two (7%) [12, 13] were descrip-
tive studies that did not compare or contrast. Six stud-
ies (21%) [3, 10, 14—17] were multicenter studies with
more than one study participant or US assessor, and the
remaining 23 (79%) were single-center studies. Four-
teen studies (48%) performed non-cartilage assessments,
such as synovial proliferation, intra-articular blood flow
assessment, and bone erosion [10, 11, 14, 15, 18-27].

The metacarpophalangeal (MCP) joint was the most
commonly assessed joint, with 16 (55%) studies assessing
it [3, 10, 11, 16-18, 20, 24-27, 29, 30, 34—36]. Five studies
assessed the proximal interphalangeal (PIP) joint [3, 17,
26, 29, 34]. Two studies also assessed the wrist but only
described observations from the dorsal aspect; moreover,
it was unclear which wrist cartilage was assessed [20, 26].
Only one study has evaluated the metatarsophalangeal
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Fig. 1 Flow diagram of the article selection

(MTP) joint [31]. Regarding large joints, ten studies
(34%) assessed the knee joint [12-14, 19, 21, 23, 28, 32,
33, 37]. Other studies included one each for the shoulder
[22], foot [37], and hip joints [15], respectively.

There were 1974 study participants, of whom 1323
had RA, 374 were healthy (including five cadavers), 145
had OA, and 132 had other diseases. The median (range)
number of participants in each study was 60 (6-178),
while the number of patients with RA was 48 (2-103).
The participating patients with RA had a mean or median
age of 40—60 years. The mean or median duration of dis-
ease was less than 1 year to a maximum of 18.5 years.
There was also a high proportion of women in all studies.

US techniques

Table 2 lists the US scanning techniques used in the
studies. One study used an undetailed probe [12],
another used a sector probe [18], and all the others used
linear probes. In studies involving fingers, one study
in the 1990s used 5 or 7.5 MHz [20], whereas others
used 13-22 MHz as the probe frequency. Studies
involving large joints, such as the knee, shoulder, and
hip joints, used probes at 5-14 MHz (one study was not
mentioned [33]).

In two of 16 studies on finger joints, there was no
description of the observation position or scanning
method [10, 26]. The other 14 studies assessed the
cartilage from the dorsal aspect. One of these stud-
ies included additional observations from the palmar
aspect [30]. The joint was positioned at maximal flex-
ion in most studies, and the cartilage of the metacar-
pal head in the MCP joint and proximal phalanx head
in the PIP joint were observed. The MTP joint was
observed in the longitudinal section of the plantar
foot [31]. All studies involving the knee assessed the
femoral condylar cartilage using transverse or both
transverse and longitudinal probes over the patella in
maximum flexion.

Three studies described the examination times for
cartilage assessment:<5 min for four bilateral second
and third finger MCP joints [30],<5 min for 16 bilat-
eral second to fifth finger MCP and PIP joints [29], and
7 min+1 min for eight bilateral second to fifth finger
MCP joints [35]. Another study reported an examina-
tion time of approximately 5 min per joint for the entire
MCP joint, including the cartilage [18]. One study also
described the assessment times and found that the
quantitative method took significantly longer than the
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Table 2 Ultrasonography techniques
Author US probe US probe Examination time Joint position Probe position Orthogonal
frequency (place/direction) insonation
(MHz) angle
Aisen et al. [12] 7.5 — — Maximal flexion Suprapatellar®/LS, TS~ —
lagnocco et al. [28] 5 Linear — Maximal flexion (@bout 120°)  Suprapatellar*/LS, TS —
Grassietal. [18] 13 Sector — Flexed 2 45° Dosalt/L —
Ostergaard et al. [19] 7.5 Linear — Maximal flexion Suprapatellar*/TS Yes
Lund et al. [20] 5/75 Linear — Flexed 10-20° Dosalt/LS —
Batalov et al. [13] 7.5 Linear — Maximal flexion Suprapatellar*/LS, TS —
Moller et al. [29] 10-15/6-18 Linear Within 5 min Maximal flexion (90°) Dosalt/LS —
Darweesh et al. [21] 13 Linear — Maximal flexion Suprapatellar*/TS —
Sanja et al. [22] 75 Linear — — —F —
Filippucci et al. [30] 6-18 Linear Less than 5 min Maximal flexion >45° Dorsal, volart/LS, TS —
Riente et al. [14] 10-14 Linear — Maximal flexion —* —
Yicesoy et al. [23] 7-12/6-11 Linear — Maximal flexion —*/TS —
Di Geso et al. [15] 6-8 Linear — Neutral position anterior§/LS —
Pereira et al. [24] 6-18 Linear — — Dosalt/TS —
Bisi et al. [25] 18 Linear — — Dosalt/LS, TS —
Mandl et al. [3] 9-15 Linear — Maximal flexion (90°) Dosalt/LS Yes
Onodera et al. [31] 5-13 Linear — — plantar]||/LS —
Luzetal. [11] 6-18 Linear — — Dosalt/— —
Mesci et al. [32] 5-10 Linear — Maximal flexion Suprapatellar*/TS —
Sakthiswary et al. [33]  NA Linear — Maximal flexion Suprapatellar*/TS —
Sarzi-Puttinietal. [10]  6-18 Linear — — —t —
Hurnakova et al. [16] 22 Linear — Maximal flexion Dosal/L, TS —
Yang et al. [26] 6-15 Linear — — —t —
Mandl et al. [17] 8-18/10-22 Linear — Maximal flexion Dosalt/LS, TS Yes
Abda et al. [27] 10-19 Linear — — Dosalt/— —
Ogura et al. [34] 7-14 Linear — Maximal flexion (90°) Dosalt/LS Yes
Cipolletta et al. [35] 10-22 Linear 7+ 1 min Maximal flexion >60° Dosalt/LS, TS Yes
Cipolletta et al. [36] 10-22 Linear — Maximal flexion >60° Dosalt/LS, TS Yes
Yildirim et al. [37] 7-12 Linear — Maximal flexion Suprapatellar®/TS —

Observed joints: *knee joint, tfinger joint, #shoulder joint, §hip joint, ||metatarsophalangeal joint. —, data not available. LS, longitudinal scan; TS, transverse scan

semi-quantitative method for the bilateral second to fifth
finger MCP joints (6 vs. 8 min) [36].

Evaluation methods
Table 3 lists the US evaluation methods used in the stud-
ies. US evaluation of the cartilage included 15 studies that
measured cartilage thickness [3, 12, 13, 18, 19, 21, 23, 28,
29, 32-37], 10 that assessed it binarily [11, 12, 14, 15, 18,
22, 23, 26, 27, 36], and 15 that assessed it semi-quantita-
tively [10-13, 16, 17, 20, 24, 25, 27, 30, 31, 34—36]. Ten
studies assessed two cartilage evaluation methods [11—
13, 18, 23, 27, 28, 34—36], and three examined the rela-
tionship between them [34—36].

Nine studies assessed knee thickness [12, 13, 19, 21, 23,
28, 32, 33, 37], and six assessed the fingers (two for the
MCP joints [35, 36], three for the MCP and PIP joints

[3, 29, 34], and one for MCP-only assessment in healthy
participants [18]). Four studies included cartilage meas-
urements from the bone surface to the white band of the
chondrosynovial interface for thickness measurements
[3, 34—36], one study excluded the white band and meas-
ured only the low-echo portion [37], and the other ten
studies had no clear description of the thickness. Sound
velocity correction was performed in only two cases [3,
19]. Two of the nine studies that measured knee cartilage
thickness measured at two locations (medial and lateral)
[21, 23], whereas the others are measured at the medial,
central, and lateral sites [12, 13, 19, 28, 32, 33, 37].

Three studies used a 3-point scale of 0-2 in the semi-
quantitative method [17, 34, 36]. The scale was developed
by Taskforce of the Outcome Measures in Rheumatology
Ultrasound Working Group (OMERACT US WG@G) [17].
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Table 3 Evaluation methods
Author Evaluation methods Measurement methods Scoring methods

Measurement Binary Semi- Include the Sound

(quantitative) quantitative chondrosynovial  velocity

interface correction

Aisenetal. [12] Yes — Yes — — Grades 0-6 Original
lagnocco et al. [28] Yes Yes — — — Surface irregularity
Grassi et al. [18] Yes (MCP 3in  Yes — — — Loss of definition

healthy)
@stergaard etal. [19]  Yes — — — Yes —
Lund et al. [20] — — Yes — — Grades 0-3 Original
Batalov et al. [13] Yes — Yes — — Grades 0-6 Original
Moller et al. [29] Yes — — — — —
Darweesh etal. [21]  Yes — — — — —
Sanja et al. [22] — Yes — — — Cartilage reduction
Filippucci et al. [30] — — Yes — — Grades 0-4 [38]
Riente et al. [14] — Yes — — — Cartilage changes
Ylcesoy et al. [23] Yes Yes — — — Irregularity, loss of clarity Original
Di Geso et al. [15] — Yes — — — Presence or absence
Pereira et al. [24] — — Yes — — Scores 0-4 [38]
Bisi et al. [25] — — Yes — — Grades 0-4 [38]
Mandl et al. [3] Yes — — Yes Yes —
Onodera et al. [31] — — Yes — — Grades 1-6 [39]
Luzetal.[11] — Yes Yes — — Grades 0-4/presence or absence  [38]
Mesci et al. [32] Yes — — — No —
Sakthiswary et al. [33] Yes — — — No —
Sarzi-Puttiniet al. [10] — — Yes — — Grades 0-4 (38]
Hurnakovaetal. [16] — — Yes — — Grades 0-4 [38]
Yang et al. [26] — Yes — — — Presence or absence
Mandl et al. [17] — — Yes — — Grades 0-2 [17]
Abda et al. [27] — Yes Yes — — Grades 0-3/presence or absence
Ogura et al. [34] Yes — Yes Yes No Grades 0-2 7]
Cipolletta et al. [35] Yes — Yes Yes No Grades 0-4 [38]
Cipolletta et al. [36] Yes Yes (quan-  Yes Yes No Grades 0-2 [17]

titative
score)

Yildirim et al. [37] Yes — — No No —

—, data not available

Seven studies [10, 11, 16, 24, 25, 30, 35] used a 5-point
scale of 0—4, which was developed by Disler et al. [38].
One study [31] used a 6-point grading scale of 1-6, based
on the grading for OA by Lee et al. [39], and three studies
used the original grading.

Reliability

Table 4 summarizes the inter- and intra-observer reli-
abilities. Eight studies assessed reliability, all of which
involved the finger joint [3, 11, 17, 25, 29, 30, 34, 35]. Four
studies focused on the assessment of reliability as the
main objective [17, 25, 29, 30]. Reliability can be assessed

in two ways: use of recorded static images and actual
patient examinations.

In the static images, the interobserver reliability of the
three evaluators in the 0-4 semi-quantitative method
assessment was prevalence-adjusted bias-adjusted
kappa=0.58, 0.63 (MCP 2 and 3, respectively) [25],
while the interobserver reliability of the two evaluators
was kappa=0.82 (MCP 2 and 3) [11]. In the three-grade
semi-quantitative evaluation of 0—2 which was proposed
by OMERACT US WG with 17 evaluators, interobserver
reliability was light’s kappa=0.64, and intraobserver reli-
ability was weighted kappa=0.87 [17]. In another study
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Table 4 Reliability and validity
Author Reliability Validity

Interobserver  Intraobserver  Association with Association Association with Association between

other methods with patient other participants evaluation methods
data

Aisen et al. [12] — — — — No No
lagnocco et al. [28] — — — — Yes No
Grassi et al. [18] — — — — Yes No
@stergaard et al. [19] — — MRI — — —
Lund et al. [20] — — — — Yes —
Batalov et al. [13] — — — — No No
Moller et al. [29] Yes Yes CR (JSN, JSW) Yes Yes —
Darweesh et al. [21] — — — Yes No —
Sanja et al. [22] — — — — Yes —
Filippucci et al. [30] Yes — CR (JSN) — — —
Riente et al. [14] — — — — — —
Ylcesoy et al. [23] — — MRI — — No
Di Geso et al. [15] — — — Yes — —
Pereira et al. [24] — — — Yes — —
Bisi etal. [25] Yes — — — — —
Mandl et al. [3] Yes Yes CR (JSN, JSW) Yes — —
Onodera et al. [31] — — Invivo US, histologic ~ — — —
Luzetal. [11] Yes — — Yes — —
Mesci et al. [32] — — — Yes Yes —
Sakthiswary etal. [33] — — — Yes Yes —
Sarzi-Puttinietal. [10] — — — — — —
Hurnakova et al. [16] — — CR (JSN) Yes — —
Yang et al. [26] — — — Yes No —
Mandl et al. [17] Yes Yes — — — —
Abda et al. [27] — — — Yes — No
Ogura et al. [34] Yes Yes CR (JSN) Yes Yes Yes
Cipolletta et al. [35] Yes Yes — — — Yes
Cipolletta et al. [36] — — CR (JSN) Yes Yes Yes
Yildirim et al. [37] — — — Yes Yes —

Yes, compared in the article; no, not compared in the article; —, data not available. CR, conventional radiography; JSN, joint space narrowing; JSW, joint space width;

MRI, magnetic resonance imaging; US, ultrasonography

using this method, the interobserver reliability was
Krippendorft’s alpha=0.60 with three evaluators, and the
intraobserver reliability was=0.81 with one evaluator [34].

In a study of patient assessments, the interobserver
reliability for two examiners based on the 0-4 semi-
quantitative assessments was weighted as kappa=0.672
and 0.832 for MCP joints 2 and 3 on the palmar and
dorsal sides, respectively [30]. In another study, two
examiners had interobserver reliability of Cohen’s
kappa=0.66 and intraobserver reliability=0.73 at
MCP joints 2—5 [35]. In an OMERACT US WG three-
stage semi-quantitative evaluation by 12 examiners,
interobserver reliability for MCP joints 2—-5 was light’s

kappa=0.48, intra-observer reliability was weighted
kappa=0.83, while for PIP, the values were 0.17 and 0.66,
respectively [17].

On the other hand, two studies showed inter- and intra-
observer reliability values of intraclass correlation coeffi-
cients (ICC)=0.80-0.93 and 0.78-0.93, respectively, in
the quantitative evaluation of MCP by two examiners [3,
35]. In one of these studies, the smallest detectable differ-
ence (SDD) was 0.09 mm (22-MHz probe) for inter- and
intra-observer reliability [35]. For a total of 16 MCP and
PIP joint scores, inter- and intra-observer reliability were
ICC=0.844 and 0.928, respectively, and inter-observer
SDD=0.09 mm [29].
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Validity

Table 4 shows the association between the US and
other findings. Nine studies compared US with other
methods of cartilage assessment, one compared US
semi-quantitative methods to histological grade [31],
six compared US to CR [3, 16, 29, 30, 34, 35], and two
compared US to MRI [19, 23]. One study compared
US and anatomical thickness in healthy participants
[3]. The ultrasonographic and anatomical thicknesses
of five healthy cadaveric MCP joint specimens were
compared. Significant differences were not observed in
measuring cartilage thickness on cadaveric specimens
between the anatomical and US methods (0.67 mm vs.
0.69 mm), and the ICC between the two measurements
showed moderate agreement (0.61; 95% CI, 0.23-0.83).

Another study assessing semi-quantitative meth-
ods and histological grading was performed on the
MTP joint; six grades of US findings were compared
with four histological grades, and a significant corre-
lation was found (Spearman’s correlation coefficient,
rho=0.67).

In comparison with CR, all six studies examined the
fingers. Three of these studied the MCP and PIP joints
[3, 29, 34], whereas the remaining three studied the MCP
joint alone [16, 30, 35]. There were comparisons between
cartilage thickness measured using US and JSN [3, 29,
34, 36], cartilage thickness measurement and joint space
width (JSW) [3, 29], and semi-quantitative methods
measured using US and JSN [16, 30, 34] in four, two, and
three studies, respectively. All studies showed a signifi-
cant correlation between the US and CR assessments.

Two studies that compared MRI and US evaluated the
knees. In one study, both methods yielded high correla-
tions in the measurement of cartilage thickness, with no
systematic error in the difference between them [19].
However, in another study, US measurements were sig-
nificantly thicker than the MRI measurements. However,
there was significant agreement between the two mor-
phological assessments [23].

Correlation with clinical data
Fourteen studies examined the associations between clin-
ical and demographic data [3, 11, 15, 16, 21, 24, 26, 27, 29,
32-34, 36, 37] (Table 5). The main factors examined were
age, sex, disease duration, and disease activity. The most
significant association was with disease duration, which
was found in four of the six studies [16, 29, 34, 36]. Dis-
ease activity [26, 37] and age [15, 16] were significantly
associated in two out of five studies.

Two studies compared cartilage oligomeric matrix pro-
tein (COMP) levels in serum or synovial fluid, both in the
knee cartilage; one study found a correlation with serum
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[33], and another study found a correlation with COMP
in synovial fluid, but not in the serum [21].

Temporal changes in the cartilage

Two studies assessed changes over time; one assessed the
changes in the cartilage over time in six MCP joints using
a semi-quantitative assessment (0—4) in a 52-week pro-
spective study examining the prediction of certolizumab
pegol treatment response [10]. The modified total Sharp
score over 52 weeks was almost constant, and cartilage
assessment showed no significant differences. A study
validating a comprehensive ultrasonographic scoring sys-
tem included the cartilage assessment of four MCP joints
over 12 months [11]. In a cohort of untreated patients
with RA, with approximately half eventually using bio-
logics, there was an increase in the mean semi-quantita-
tive (0—4) scores, but no significant change. In contrast,
the binary evaluation (0 or 1), which divided the semi-
quantitative scores into two groups, showed a significant
increase in mean scores.

Discussion

To date, systematic literature reviews of ultrasonographic
cartilage assessment in RA have included studies con-
ducted by the OMERACT US WG for the development
of a semiquantitative US scoring system [17] and assess-
ment of the evidence for the use of US in structural joint
damage in patients with RA [5].

This scoping review provides an overview of ultrasono-
graphic cartilage evaluation in RA, emphasizing ultra-
sonographic cartilage evaluation, updating the literature,
including studies using newly developed semiquantitative
evaluation methods, and identifying research gaps.

The extracted articles included those reported
between 1984 and 2022, each with a different histori-
cal background, including changes in the RA classifica-
tion criteria and technical differences due to advances
in US equipment. They also acknowledged the high
heterogeneity, including differences in the characteris-
tics of the participating patient populations and statis-
tical analysis methods. Regarding the knee and finger
joints, which were mainly assessed, the cartilage of the
bone on the proximal side of the joint was evaluated
with the joint in maximum flexion in almost all cases
where the limb position of observation was specified.
The knee was evaluated from the suprapatellar mar-
gin. However, the usefulness of observation from the
parapatella was also noted in OA [40], and which site
is more suitable for measurement in RA assessment is
yet to be determined. There are two main evaluation
methods: quantitative evaluation, which measures the
thickness of the cartilage, and binary or semiquantita-
tive evaluation, which visually evaluates the white band
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of the chondrosynovial interface, thickness, and other
parameters. Despite advances in ultrasound technol-
ogy, these two methods have been used for many years,
and no new evaluation methods have been presented.
However, these methods show heterogeneity.

A review of ultrasonographic cartilage measurements
in OA pointed out the following caveats for cartilage
thickness measurements: correction owing to the ultra-
sound propagation velocity of the cartilage, vertical ultra-
sound beam incidence angle, and inclusion of the white
band of the chondrosynovial interface [41].

US equipment measures the distance based on an
average propagation velocity of 1540 m/s in the tissue;
however, cartilage is known to have a high propaga-
tion velocity owing to its stiffness. Thus, it is necessary
to correct for sound velocity for more accurate carti-
lage thickness measurements. However, damaged car-
tilage is known to have a slower propagation velocity,
and whether sound velocity correction is necessary for
patients with RA or there is an appropriate correction
speed is unknown.

In addition, if the incident angle of the ultrasound is
oblique to the cartilage, the refraction of the ultrasound
leads to measurement errors, and the white band is
unclear. Particularly in the case of the knee, the cartilage
is mainly delineated in the transverse image, and cartilage
thickness is measured at two or three locations (medial/
lateral and midline). However, the ultrasound beam is not
incident at a right angle, especially for medial and lateral
measurements. Despite these issues, few studies have
described the US technique well, and there are insuffi-
cient details to compare the studies.

Reliability assessments of measurements included only
three studies on MCP joints, each examined by acquir-
ing images from patients by three examiners in a single-
center study [3, 29, 35]. These studies showed relatively
high inter- and intra-examiner reliabilities and are con-
sidered feasible; however, there are no data for the other
joints. Furthermore, assessment time is important for
quantitative methods when considering feasibility, but
only one study has examined the time required for quan-
titative and semiquantitative assessments [35]. Simplify-
ing the evaluation, including automatic measurements, is
an issue for future studies.

The most commonly used semiquantitative method is
the 5-point grading of 0—4 by Disler et al. [38]. The relia-
bility used in patients shows moderate-to-high inter- and
intra-examiner reliabilities, indicating feasible reliability.
The reliability of these studies was evaluated by up to
three examiners.

The OMERACT task force examined the reliability of
the semiquantitative method of cartilage assessment
in OA on a 4-point grading of 0-3 in 10 examiners and
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found insufficient agreement, particularly poor reliability
of the intermediate scores [42].

Therefore, OMERACT has recently advocated a 3-point
grading of 02 for cartilage assessment in RA [17].

This method is considered well validated in reliability
assessments, with 17 participants in assessments from
static image readings and 12 from patient examinations,
and reliable based on other studies from different regions
[34]. However, although this method has achieved feasi-
ble reliability for MCP joints, it is not sufficiently reliable
for PIP. In addition, most semi-quantitative evaluations
have examined finger joints, and many studies have only
been binary for the knee. The semi-quantitative evalu-
ation of the joints other than the MCP joints must be
explored in future studies.

Validity comparisons with the anatomical measure-
ments of the finger and knee joints’ cartilage have been
reported and validated [3, 43]. Semi-quantitative meth-
ods have also shown a correlation with pathology in MTP
joints, and in vitro studies have shown that damaged car-
tilage can be detected by US [31].

However, in vitro studies have evaluated artificially
damaged cartilage and may differ from cartilage changes
in actual patients with RA. In addition, contrasting US
findings with anatomical thickness and tissue findings is
limited to cadavers and surgical tissue collection, which
makes it difficult to contrast the state of the cartilage
early in the disease, which biases the research.

In this respect, there have recently been several
attempts to assess cartilage composition in MRI using
various imaging methods and capture qualitative changes
in the cartilage before morphological changes [44, 45].
However, only two comparisons between US and MRI
were performed, which only measured cartilage thick-
ness in the knee cartilage. A comparison with joints other
than the knee and cartilage composition assessments is a
subject for future investigation.

By contrast, cartilage damage in imaging examinations
is generally based on JSN by CR, albeit an indirect assess-
ment, and JSN scoring in patients with RA is still widely
used [46, 47]. Each ultrasound evaluation in the articles
extracted showed a significant correlation with the JSN
score based on CR. These results demonstrate the valid-
ity of US cartilage assessment and show that JSN assess-
ment using CR reflects cartilage damage. Therefore, the
added value of cartilage assessment by US over that by
CR needs to be investigated.

JSW remains generally unaccepted in CR, although it
has been suggested to be a more reliable assessment than
the semi-quantitative method of JSN scoring [48]. This
is because both JSN and JSW assess the joint gap width,
and semi-quantitative assessment is simpler than quan-
titative assessment and currently sufficiently sensitive
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and reliable. However, the semi-quantitative method in
US may have a different meaning than the quantitative
method because of factors other than cartilage thickness,
such as opacification of the outer edge of the cartilage
and localized changes.

In fact, the report suggests that the OMERACT grad-
ing of RA in older age groups shows more changes than
the quantitative assessment, and the semi-quantitative
assessment may be more likely to show changes in age
and OA. However, the report also stated that more joints
in the younger age group had findings on the quantita-
tive assessment than in the older age group, although
the semi-quantitative assessment showed no problems.
Therefore, the quantitative assessment might be more
likely to detect cartilage changes in RA on US examina-
tion [36]. However, whether the pathology and assess-
ment methods make a difference requires further
investigation.

Furthermore, advances in treatment have reduced the
number of structural damage changes, and clinical tri-
als are increasingly incorporating MRI, which can rap-
idly detect changes in conjunction with ethical factors
[49, 50]. Similarly, US, which can directly assess carti-
lage, has the potential to detect earlier and more subtle
changes than CR assessment; however, these data are
lacking. Compared with healthy participants and patients
with other diseases in terms of discriminant validity,
significant cartilage thickness thinning and increased
semi-quantitative scores were found in patients with
RA compared with healthy participants. There are also
reports of a significant correlation between cartilage
damage and disease duration, suggesting that cartilage
damage can be assessed using US as the disease pro-
gresses. However, a comparison of cartilage thickness
in patients with early onset RA and healthy participants
reported no significant differences in MCP joints but sig-
nificantly thinner cartilage in the knee joints. Each study
showed differences, and further research is warranted.
Moreover, there have been no comparisons between
cartilage damage with OA or other inflammatory joint
diseases.

Finally, their reliability and validity must be verified
through a longitudinal assessment. However, data on the
longitudinal evaluation of the cartilage using US are min-
imal, which is the most important issue when consider-
ing the usefulness of US.

As described above, US recognizes many issues in car-
tilage evaluation. Although it is currently considered a
valuable method for directly assessing cartilage, the lack
of data regarding the significance of cartilage assessment
by US is particularly a major hindrance for its effective
use in daily clinical practice. However, direct evaluation
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of cartilage damage is important under the current treat-
ment strategy, and US, which can be easily performed, is
expected to become an important evaluation method.

Nevertheless, our study has some limitations. This
study only included searches for peer-reviewed arti-
cles published in English, which may not have included
some studies or the most recent results. Additionally, we
did not check the quality of the literature to map a wide
range. Furthermore, the results for each item were not
integrated, indicating that the results should be evaluated
with caution.

Conclusions

Many aspects of the ultrasonographic cartilage assess-
ments in patients with RA were heterogenous. Most
current studies are limited to the fingers and knees, and
although quantitative and semi-quantitative assessments
are mainly performed, the methods and assessments
used were heterogeneous. The reliability and validity of
each method suggest the usefulness of US for cartilage
assessment; however, it is limited to localized areas and
requires further evaluation. Moreover, data on which
method is more useful and needs to be included in longi-
tudinal assessments are lacking.

Furthermore, the validity of the commonly used JSN
with CR has been recognized; however, additional value-
added data by US are lacking. The usefulness of this
method for detecting early and subtle changes that are
difficult to detect with JSN and assessing cartilage quality
requires further examination.
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PIP Proximal interphalangeal

RA Rheumatoid arthritis

SDD Smallest detectable difference

us Ultrasonography

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/541232-023-00286-2.

[ Additional file 1. Supplementary Data. Search formulae. }



https://doi.org/10.1186/s41232-023-00286-2
https://doi.org/10.1186/s41232-023-00286-2

Ogura et al. Inflammation and Regeneration (2023) 43:34

Acknowledgements
We would like to thank Editage (www.editage.com) for English language
editing.

Authors’ contributions

TO designed the study and drafted the manuscript. TO and TK reviewed the
literature. TO, TK, and KH contributed to the analysis and interpretation of the
results. KH revised the manuscript. All the authors have read and approved the
final version of the manuscript.

Funding
This study was supported by the Japan Society for the Promotion of Science
(JSPS KAKENHI).

Availability of data and materials
The data are available in the article, and further inquiries can be directed to
the corresponding authors.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 27 March 2023 Accepted: 20 June 2023
Published online: 04 July 2023

References

1. van der Heijde DM. Radiographic imaging: the ‘gold standard'for assess-
ment of disease progression in rheumatoid arthritis. Rheumatology
(Oxford). 2000;39:9-16.

2. Colebatch AN, Edwards CJ, @stergaard M, van der Heijde D, Balint PV,
D'Agostino MA, et al. EULAR recommendations for the use of imaging of
the joints in the clinical management of rheumatoid arthritis. Ann Rheum
Dis. 2013;72:804-14.

3. Mandl P, Supp G, Baksa G, Radner H, Studenic P, Gyebnar J, et al. Relation-
ship between radiographic joint space narrowing, sonographic cartilage
thickness and anatomy in rheumatoid arthritis and control joints. Ann
Rheum Dis. 2015;74:2022-7.

4. Peterfy CG, van Dijke CF, Lu'Y, Nguyen A, Connick TJ, Kneeland JB, et al.
Quantification of the volume of articular cartilage in the metacar-
pophalangeal joints of the hand: accuracy and precision of three-dimen-
sional MR imaging. AJR Am J Roentgenol. 1995;165:371-5.

5. Gessll, Balint PV, Filippucci E, Keen HI, Pineda C, Terslev L, et al. Structural
damage in rheumatoid arthritis assessed by musculoskeletal ultrasound:
a systematic literature review by the Structural Joint Damage Task Force
of the OMERACT Ultrasound Working Group. Semin Arthritis Rheum.
2021;51:627-39.

6. Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al.
PRISMA Extension for Scoping Reviews (PRISMA-ScR): checklist and
explanation. Ann Intern Med. 2018;169:467-73.

7. Munn Z, Peters MDJ, Stern C, Tufanaru C, McArthur A, Aromataris E.
Systematic review or scoping review? Guidance for authors when choos-
ing between a systematic or scoping review approach. BMC Med Res
Methodol. 2018;18:143.

8. Spannow AH, Pfeiffer-Jensen M, Andersen NT, Herlin T, Stenbag E.
Ultrasonographic measurements of joint cartilage thickness in healthy
children: age- and sex-related standard reference values. J Rheumatol.
2010;37:2595-601.

9. Jousse-Joulin S, Cangemi C, Alavi Z, Gerard S, Nonent M, Bressollette L,
et al. Normal sonoanatomy of small joints in healthy children: changes

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

Page 14 of 15

in cartilage and vascularisation according to age and gender. Clin Exp
Rheumatol. 2018;36:1103-9.

. Sarzi-Puttini P, Filippucci E, Adami S, Meroni PL, Batticciotto A, Idolazzi L,

et al. Clinical, ultrasound, and predictability outcomes following certoli-
zumab pegol treatment (with methotrexate) in patients with moderate-
to-severe rheumatoid arthritis: 52-week results from the CZP-SPEED
study. Adv Ther. 2018;35:1153-68.

. Luz KR, Pinheiro MM, Petterle GS, Dos Santos MF, Fernandes AR, Natour

J, etal. A new musculoskeletal ultrasound scoring system (US10) of
the hands and wrist joints for evaluation of early rheumatoid arthritis
patients. Rev Bras Reumatol Engl Ed. 2016;56:421-31.

. Aisen AM, McCune WJ, MacGuire A, Carson PL, Silver TM, Jafri SZ,

et al. Sonographic evaluation of the cartilage of the knee. Radiology.
1984;153:781-4.

. Batalov AZ, Kuzmanova S|, Penev DP. Ultrasonographic evaluation of

knee joint cartilage in rheumatoid arthritis patients. Folia Med (Plovdiv).
2000;42:23-6.

. Riente L, DelleSedie A, Filippucci E, Sciré CA, lagnocco A, Gutierrez M,

et al. Ultrasound imaging for the rheumatologist XXVII. Sonographic
assessment of the knee in patients with rheumatoid arthritis. Clin Exp
Rheumatol. 2010;28:300-3.

. DiGeso L, Filippucci E, Riente L, Sakellariou G, DelleSedie A, Meenagh G,

et al. Ultrasound imaging for the rheumatologist XL. Sonographic assess-
ment of the hip in rheumatoid arthritis patients. Clin Exp Rheumatol.
2012;30:464-8.

. Hurnakova J, Filippucci E, Cipolletta E, Di Matteo A, Salaffi F, Carotti M,

et al. Prevalence and distribution of cartilage damage at the metacarpal
head level in rheumatoid arthritis and osteoarthritis: an ultrasound study.
Rheumatology (Oxford). 2019;58:1206-13.

. Mandl P, Studenic P, Filippucci E, Bachta A, Backhaus M, Bong D, et al.

Development of semiquantitative ultrasound scoring system to assess
cartilage in rheumatoid arthritis. Rheumatology (Oxford). 2019;58:1802-11.

. Grassi W, Tittarelli E, Pirani O, Avaltroni D, Cervini C. Ultrasound examina-

tion of metacarpophalangeal joints in rheumatoid arthritis. Scand J
Rheumatol. 1993;22:243-7.

. @stergaard M, Court-Payen M, Gideon P, Wieslander S, Cortsen M, Loren-

zen |, et al. Ultrasonography in arthritis of the knee. A comparison with
MR imaging. Acta Radiol. 1995,;36:19-26.

Lund PJ, Heikal A, Maricic MJ, Krupinski EA, Williams CS. Ultrasonographic
imaging of the hand and wrist in rheumatoid arthritis. Skeletal Radiol.
1995;24:591-6.

Darweesh H, Abbass D, Kadah R, Rashad A, El Basel M, Nasr AS. Serum
and synovial cartilage oligomeric matrix protein (COMP) in patients with
rheumatoid arthritis and osteoarthritis. Indian J Rheumatol. 2010;5:112-7.
Sanja MR, Mirjana ZS. Ultrasonographic study of the painful shoulder in
patients with rheumatoid arthritis and patients with degenerative shoul-
der disease. Acta Reumatol Port. 2010;35:50-8.

Yucesoy C, Genc G, Bal A, Keyik B, Ozturk E, Tuzun M, et al. Ultrasono-
graphic assessment of knee in patients with rheumatoid arthritis: is it

an effective imaging method for initial evaluation? Turk J Rheumatol.
2011;26:120-6.

Pereira DF, Natour J, Buosi AL, Ferreira FB, Fernandes Ada R, Furtado RN.
Is painless synovitis different from painful synovitis? A controlled, ultra-
sound, radiographic, clinical trial. Clinics (Sao Paulo). 2014;69:93-100.

Bisi MC, do Prado AD, Rabelo C, Brollo F, da Silveira IG, de Mendonga JA,
et al. Articular ultrasonography: interobserver reliability in rheumatoid
arthritis. Rev Bras Reumatol. 2014;54:250-4.

Yang J, Shao Q, Wu J. Correlation between high-frequency ultrasonog-
raphy of patients with early rheumatoid arthritis and anti-CCP antibody.
Medicine (Baltimore). 2019;98:214083.

Abda EA, Hassanien MM, Abdelrazek E, Mahran SA. What can hand
sonography and nerve conduction velocity disclose regarding

hand dysfunction in rheumatoid arthritis patients? Z Rheumatol.
2021;80:995-1003.

lagnocco A, Coari G, Zoppini A. Sonographic evaluation of femoral
condylar cartilage in osteoarthritis and rheumatoid arthritis. Scand J
Rheumatol. 1992;21:201-3.

Méller B, Bonel H, Rotzetter M, Villiger PM, Ziswiler HR. Measuring finger
joint cartilage by ultrasound as a promising alternative to conventional
radiograph imaging. Arthritis Rheum. 2009;61:435-41.


http://www.editage.com

Ogura et al. Inflammation and Regeneration (2023) 43:34

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Filippucci E, da Luz KR, Di Geso L, Salaffi F, Tardella M, Carotti M, et al.
Interobserver reliability of ultrasonography in the assessment of cartilage
damage in rheumatoid arthritis. Ann Rheum Dis. 2010;69:1845-8.
Onodera T, Kasahara Y, Kasemura T, Suzuki Y, Kondo E, Iwasaki N. A
comparative study with in vitro ultrasonographic and histologic grad-
ing of metatarsal head cartilage in rheumatoid arthritis. Foot Ankle Int.
2015;36:774-9.

Mesci E, Mesci N, Madenci E. Ultrasonographic evaluation of femoral
cartilage thickness in patients with rheumatoid arthritis. J Clin Anal Med.
2016;1:31-4.

Sakthiswary R, Rajalingam S, Hussein H, Sridharan R, Asrul AW. Cartilage
oligomeric matrix protein (COMP) in rheumatoid arthritis and its correla-
tion with sonographic knee cartilage thickness and disease activity. Clin
Rheumatol. 2017;36:2683-8.

OguraT, Hirata A, Hayashi N, Imaizumi C, Ito H, Takenaka S, et al. Finger
joint cartilage evaluated by semiquantitative ultrasound score in patients
with rheumatoid arthritis. Arthritis Care Res (Hoboken). 2021;73:173-9.
Cipolletta E, Filippucci E, Di Matteo A, Tesei G, Cosatti MA, Di Carlo M,

et al. The reliability of ultrasound in the assessment of hyaline cartilage

in rheumatoid arthritis and healthy metacarpal heads. Ultraschall Med.
2022;43:€65-72.

Cipolletta E, Mand! P, Di Matteo A, Mashadi Mirza R, Passarini G, Grassi

W, et al. Sonographic assessment of cartilage damage at the metacarpal
head in rheumatoid arthritis: qualitative versus quantitative methods.
Rheumatology (Oxford). 2022;61:1018-25.

Yildirim A, Onder ME, Ozkan D. Ultrasonographic evaluation of distal
femoral and talar cartilage thicknesses in patients with early rheumatoid
arthritis and their relationship with disease activity. Clin Rheumatol.
2022;41:2001-7.

Disler DG, Raymond E, May DA, Wayne JS, McCauley TR. Articular cartilage
defects: in vitro evaluation of accuracy and interobserver reliability for
detection and grading with US. Radiology. 2000;215:846-51.

Lee CL, Huang MH, Chai CY, Chen CH, Su JY, Tien YC. The validity of in vivo
ultrasonographic grading of osteoarthritic femoral condylar cartilage:

a comparison with in vitro ultrasonographic and histologic gradings.
Osteoarthritis Cartilage. 2008;16:352-8.

Okano T, Filippucci E, Di Carlo M, Draghessi A, Carotti M, Salaffi F, et al.
Ultrasonographic evaluation of joint damage in knee osteoarthritis:
feature-specific comparisons with conventional radiography. Rheumatol-
ogy (Oxford). 2016;55:2040-9.

Torp-Pedersen S, Bartels EM, Wilhjelm J, Bliddal H. Articular cartilage thick-
ness measured with US is not as easy as it appears: a systematic review
of measurement techniques and image interpretation. Ultraschall Med.
2011,32:54-61.

Hammer HB, lagnocco A, Mathiessen A, Filippucci E, Gandjbakhch F,
Kortekaas MC, 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.
2016;75:402-7.

Naredo E, Acebes C, Mdller |, Canillas F, de Agustin JJ, de Miguel E, et al.
Ultrasound validity in the measurement of knee cartilage thickness. Ann
Rheum Dis. 2009;68:1322-7.

Miese FR, Ostendorf B, Wittsack HJ, Reichelt DC, Mamisch TC, Zilkens

C, et al. Metacarpophalangeal joints in rheumatoid arthritis: delayed
gadolinium-enhanced MR imaging of cartilage—-a feasibility study. Radiol-
0gy. 2010;257:441-7.

MacKay JW, Low SBL, Smith TO, Toms AP, McCaskie AW, Gilbert FJ. System-
atic review and meta-analysis of the reliability and discriminative validity
of cartilage compositional MRI in knee osteoarthritis. Osteoarthritis
Cartilage. 2018;26:1140-52.

Sharp JT, van der Heijde D, Angwin J, Duryea J, Moens HJ, Jacobs JW, et al.
OMERACT 7 Special Interest Group. Measurement of joint space width
and erosion size. J Rheumatol. 2005;32:2456-61.

Park YJ, Gherghe AM, van der Heijde D. Radiographic progression in
clinical trials in rheumatoid arthritis: a systemic literature review of trials
performed by industry. RMD Open. 2020;6: e001277.

Sharp JT, Angwin J, Boers M, Duryea J, Finckh A, Hall JR, et al. Multiple
computer-based methods of measuring joint space width can discrimi-
nate between treatment arms in the COBRA trial — update of an ongoing
OMERACT project. J Rheumatol. 2009;36:1825-8.

Page 15 of 15

49. @stergaard M, Maller-Bisgaard S. Optimal use of MRI in clinical trials, clini-
cal care and clinical registries of patients with rheumatoid arthritis. Clin
Exp Rheumatol. 2014;32:517-22.

50. Peterfy CG, Olech E, DiCarlo JC, Merrill JT, Countryman PJ, Gaylis NB.
Monitoring cartilage loss in the hands and wrists in rheumatoid arthritis
with magnetic resonance imaging in a multi-center clinical trial: IMPRESS
(NCT00425932). Arthritis Res Ther. 2013;15:R44.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Cartilage evaluation by ultrasonography in patients with rheumatoid arthritis: a scoping review
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Search strategy
	Study selection and data extraction

	Results
	Study characteristics
	US techniques
	Evaluation methods
	Reliability
	Validity
	Correlation with clinical data
	Temporal changes in the cartilage

	Discussion
	Conclusions
	Anchor 21
	Acknowledgements
	References


