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Abstract: Rheumatoid Arthritis (RA) is an autoimmune rheumatic disease characterized by
chronic erosive arthritis and systemic inflammatory changes in internal organs, leading to early
disability and a reduced quality of life for patients. Modern imaging techniques have marked a
new milestone not only in the diagnosis of diseases but also in the evaluation of their progression
and outcome prediction. Joint ultrasound examination in RA is currently regarded as one of the
most accessible and widely used instrumental diagnostic methods.

This review of international literature provides a detailed analysis of publications dedicated to
ultrasound examination of joints in RA. The findings are contradictory and often question the
informativeness of this method. The abundance of original publications reflects the significant
interest of rheumatologists in this technique. The current perspectives on the pathogenetic
rationale, diagnostic value, and prognostic potential of ultrasound use in RA patients are
presented. Issues of diagnostic procedure methodology, the necessity of using power Doppler
imaging, and modern semi-quantitative scales for assessing the severity of inflammation are
discussed. Existing international guidelines for the use of ultrasound in RA are outlined,
emphasizing the importance of this imaging modality.
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In the past decade, there has been significant progress in the development of ultrasound (US)
diagnostic methods. New technologies used in modern medical devices allow for the assessment
not only of structural features but also of dynamic imaging of objects, enabling the acquisition of
additional information that can be crucial for detecting diseases at early and preclinical stages.
The primary aim of this study is to summarize the results of numerous studies on ultrasound
diagnostics in rheumatoid arthritis (RA) and to define the role of this instrumental method in
disease monitoring.

Any medium, including body tissues, resists the propagation of ultrasound waves, i.e., it has
varying acoustic impedance, which depends on its density and the velocity of sound waves
passing through it. The higher these parameters, the greater the acoustic impedance. The
ultrasound method allows for the measurement of the distance to the boundary between two
materials with different densities based on the time it takes for the wave to reflect back from the
interface. Modern medical ultrasound equipment is designed with capabilities that enable
visualization of organs and tissues at a microscopic level. This has become possible through the
use of high-frequency ultrasound probes, which provide higher image quality but reduce the
depth of penetration. These probes are optimal for examining small joints of the hands and feet.

The two-dimensional grayscale mode (GS) provides information on the anatomy and
morphological changes in the examined area. The power Doppler method (PD), on the other
hand, visualizes blood flow within the studied structures. Unlike color Doppler imaging (CDI),
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which conveys blood flow velocity and direction using a color spectrum, PD uses the amplitude
of the Doppler signal to detect moving substances, such as red blood cells, which allows for the
detection of minimal flow rates in the microvasculature of the synovium.

In 2005, OMERACT and the European League Against Rheumatism (EULAR) working group
published consensus-based definitions of ultrasound features of various inflammatory processes
in joints and periarticular tissues. Several approaches exist to assess the activity of inflammatory
changes in joints, which are generally divided into B-mode sonography (or GS) and PD. GS
reflects synovial proliferation—hypoechoic thickening of intra-articular tissues that are non-
compressible by the probe. PD, conversely, directly visualizes blood flow in the inflamed
synovial membrane, the thickening of which is identified through GS findings.

The pathogenesis of rheumatoid arthritis (RA) is based on a complex combination of genetically
determined and acquired defects in immunoregulatory mechanisms that limit the pathological
activation of the immune system in response to potentially pathogenic environmental factors. Of
particular interest are pro-inflammatory cytokines, such as tumor necrosis factor-alpha (TNF-a)
and interleukin-6 (IL-6), as well as IL-1, IL-12, IL-17, IL-23, and others, which are involved in
the development of chronic inflammation leading to joint destruction. Angiogenesis factors also
play an important role in this process.

Pro-inflammatory cytokines secreted by macrophages (TNF-a, IL-1, IL-6, IL-8, IL-18, and the
macrophage migration inhibitory factor) play a central role in angiogenesis in RA, both through
their direct effects on endothelial cells and indirectly by stimulating the production of pro-
angiogenic factors by various cell types in the synovial membrane.

The development of RA is accompanied by hypertrophy of the synovial membrane with active
vascularization. The increased blood flow in the synovial membrane, characteristic of chronic
inflammation, is driven by vasodilation and angiogenesis.

For example, S. Alivernini et al. demonstrated differences in the levels of pro-inflammatory
factors and angiogenesis factors in the synovial membrane of RA patients in remission, as well
as in those with low and high disease activity. Similar findings were reported by J. Ramirez et al,
who examined patients with RA in remission and in the active phase, using both morphological
and ultrasound (US) evaluations. They observed an increase in lymphoid infiltration, mast cell
count, fibroblasts, and pro-angiogenic factors, which was more pronounced in active RA and less
so in patients with remission who exhibited inflammatory signs on ultrasound (US).

The processes of neoangiogenesis are closely linked to inflammation in RA, and this connection
has been proven in many studies. Considering the pivotal role of these pathogenic mechanisms,
studies have investigated the relationship between pro-inflammatory cytokines and angiogenesis
markers, as well as US findings characterizing the state of the synovial membrane in RA .

A. Baillet et al. studied the relationship between IL-6 concentration prior to therapy, synovial
membrane inflammation as determined by ultrasound, and joint destruction progression based on
radiographic findings over a three-year observation period in RA patients. A positive correlation
was found between baseline IL-6 levels, the number of swollen joints (SJCs), and ultrasound
indicators of joint inflammation, including synovitis detected via power Doppler (PD) and
grayscale (GS) ultrasound, and the presence of erosions. Interestingly, the concentration of C-
reactive protein (CRP) correlated only with SJCs. These findings suggest that baseline IL-6
levels are a more sensitive biomarker of synovitis detected by ultrasound than CRP.

In the study by A. Fazaa et al., it was shown that the concentration of another pro-inflammatory
cytokine, IL-17, which is involved in the development of inflammation and bone tissue
destruction, in plasma can serve as a quantitative indicator of RA activity. In patients with
varying disease duration and activity levels, a correlation was found between CRP levels and
plasma IL-17 concentrations (r=0.374; p=0.025). The cumulative grayscale (GS) score and, to a
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greater extent, the power Doppler (PD) score also correlated with the concentration of soluble
IL-17 receptors with a high degree of reliability.

A connection was identified between ultrasound (US) indicators of inflammation and another
promising biomarker for RA—chemokine CXCL13, whose concentration correlates with
baseline clinical RA activity and the persistence of inflammation during therapy, regardless of
baseline synovitis activity on ultrasound, changes in clinical activity, acute phase protein levels,
or autoantibodies. Interestingly, PD and GS data also strongly correlate with the expression of
messenger RNA (mRNA) genes of a wide range of pro-inflammatory and angiogenic mediators,
including TNF-a, IL-1B, vascular endothelial growth factor (VEGF), IL-6, and angiopoietins 1
and 2 (ANG-1 and ANG-2), in the synovial tissue of RA patients, obtained via biopsy.

At the same time, S. Hernandez Diaz et al. did not find any correlation between the levels of
biomarkers, including IL-1pB, IL-10, IL-6, IL-5, IL-2, IL-4, IL-8, TNF-a, and IFN-y, with US
indicators of synovitis in 21 patients with RA in clinical remission.

In the study by J. Ramires et al., involving 55 patients with long-standing RA in clinical
remission, a correlation was observed between the activity of subclinical synovitis detected via
PD, DAS28-CRP, DAS28-ESR, SDAI, and levels of pro-angiogenic biomarkers such as MMP-
2, TGF-B1, and ANG. However, no correlation was found between US indicators of synovitis
and the concentrations of pro-inflammatory cytokines (TNF-a, IL-6, IL-8, IL-17A, IL-17F, IL-
18, IL-20, 1L-23, and IL-33).

The inconsistency of results can be attributed to the fact that most cytokines may exert either
stimulatory or inhibitory effects on the production of other cytokines at different times.
Depending on the predominance of certain functional groups of cytokines at a given moment, the
activity of inflammation and the severity of clinical manifestations may vary. This suggests that
evaluating the overall cytokine profile might provide more informative insights compared to
assessing specific biomarkers alone.

Conflicting data have also been obtained regarding the relationship between ultrasound (US)
findings and more accessible markers of inflammatory activity, such as erythrocyte
sedimentation rate (ESR) and C-reactive protein (CRP), as well as with composite indices of
clinical activity.

Ultrasound is used as a tool to monitor disease activity in RA. Synovial hypertrophy with a
grayscale (GS) score >2 and vascularization with a power Doppler (PD) score >1 can indicate
inflammatory activity. Recent studies have detected vascularization corresponding to a PD score
of 1 in normal joints, which suggests that a PD score >2 might be considered indicative of
inflammation, though there is still no consensus on this issue.

Before 2005, comparisons of clinical and ultrasound markers of inflammation were conducted on
mixed patient groups and were limited to a single large joint (often the knee) or several joints.
The Doppler method for assessing blood flow, including spectral Doppler, was initially studied
in small patient groups. Among the earliest and most significant large-scale studies are those by
A. Scheel et al. , E. Naredo et al., and E. Filippucci et al., which initiated an ongoing discussion
on the relationship between clinical and ultrasound indices.

The primary goal of A. Scheel et al.'s study was to compare quantitative and semi-quantitative
ultrasound methods for assessing inflammation using GS mode, incorporating varying numbers
of assessed regions into the indices. Among 46 RA patients with varying disease activity and
duration, the authors found discrepancies between clinical and ultrasound joint assessments. The
researchers highlighted the hand joints, particularly the proximal interphalangeal joints, where
discrepancies reached 56.1%. They also noted a lack of correlation between the GS indices and
ESR or CRP levels.

The study by E. Filippucci et al. was one of the first to use PD to evaluate the efficacy of
biologic disease-modifying antirheumatic drugs (bDMARDSs). The authors found only a trend
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towards a correlation between PD results and DAS28 at the second week of follow-up, with no
significant correlations at other time points.

E. Naredo et al. identified the strongest correlation between US and clinical findings. In 94
patients with long-standing active RA, they observed a correlation between the swollen joint
count (SJC) and US indices of effusion, synovitis (GS), and PD. However, no correlation was
found between US results and tender joint count (TJC). The most pronounced correlation was
between the total swelling index of the examined joints and US indices (r=0.65; p<0.01), while
moderate correlations were found between ESR, CRP, and US indices. The authors noted that
this strong correlation was due to the large number of joints (60) included in the study, while
discussing the feasibility of using an index with 28 joints for routine practice, where the
correlation between clinical and US findings was the most significant.

The number of joints assessed remains one of the most debated parameters in evaluating RA
patients, as it is limited by the time required for examination. A wide variety of indices exist,
ranging from assessments of 5 to 78 joints, using both GS and PD.

V. Vlad et al. identified a strong correlation between ultrasound (US) indicators of inflammatory
activity (PD) and clinical disease activity indices (CDAI and SDAI) in active, long-term RA
patients, with the strongest correlation observed for CDAI. Y. Geng et al. also reported an
association between PD data and swollen joint count (SJC), tender joint count (TJC), ESR, CRP,
and disease activity indices, but only in patients in the active phase of the disease.

In another study, E. Naredo et al. examined 67 RA patients in clinical remission or with low
disease activity and found correlations between PD and GS scores with DAS28 and SDAI
(correlation coefficients ranging from 0.46 to 1.0). It was concluded that the more joints included
in the index, the stronger the association with composite indices (DAS28 and SDAI). Their
correlation with US-detected inflammation was weaker for large joints than for small ones. The
strongest correlations for DAS28 and SDAI were with US indices involving
metacarpophalangeal joints, wrist joints, ankle joints, and metatarsophalangeal joints. This index
also demonstrated the highest sensitivity for detecting subclinical synovitis in both GS and PD
modes in patients in remission by DAS28 and SDAI.

K. Ikeda et al. did not find a dependency between clinical and US parameters on RA activity: the
correlation between PD and GS scores with DAS28-CRP and CDAI persisted throughout the
treatment period with methotrexate (MTX) and biologic agents (adalimumab and tocilizumab).

Moderate correlations between DAS28-CRP and DAS28-ESR with GS and PD indices were
reported by P. Zufferey et al. in a study of 563 RA patients. No significant changes in correlation
coefficients were noted during therapy or with decreasing disease activity.

Original data from C. Dejaco et al. revealed a relationship between patient age and US and
clinical parameters. The DAS28 index correlated with GS and PD findings; however, correlation
coefficients were lower in patients with a later disease onset (0.39) than in those with an earlier
onset (0.65).

The inconsistency in research findings may be due to differences between US and clinical
assessments of joints, which are particularly evident at disease onset or in cases of low activity.
As previously mentioned, inflammation of the synovial membrane in clinically intact joints,
including in patients in remission by RA activity indices, can be detected using PD. This has
increased interest in identifying US markers of inflammation in the absence

In recent algorithms and recommendations, ultrasound (US) methods are proposed for
identifying "subclinical” synovitis, not only as a diagnostic marker but also as an argument for
escalating therapy.

Detecting US markers of inflammation at the early stages of the disease allows for diagnosing
polyarthritis at a "preclinical” stage and identifying predictors of potential relapse during initial
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therapy. One of the key topics of discussion is the prognostic role of the initial severity of
inflammation. E. Naredo et al. demonstrated that PD findings could predict clinical disease
activity observed during subsequent follow-up visits. This relationship was confirmed by J.
Freeston et al., who observed RA patients where the presence of "active" inflammation on PD
served as a predictor of increased clinical disease activity during further follow-up. Similarly, V.
Foltz et al. found that in RA patients in clinical remission or with low disease activity, the
baseline severity of inflammation identified using PD had a prognostic role. Patients with more
pronounced initial synovitis on PD experienced more frequent disease exacerbations. B. Saleem
et al. categorized patients based on the presence of active inflammation identified by PD at week
48 of follow-up. However, their study did not confirm the prognostic value of disease activity
indices over the entire observation period.

Structural joint damage is another potential factor for relapse. A recent study by S. Kawashiri et
al. showed that 47.5% of patients experienced a relapse within 12 months after discontinuing
therapy. It was found that bone erosions identified via US at the time of therapy discontinuation
were the only predictor of disease relapse. Among RA patients with and without relapse, clinical
characteristics, serological biomarkers, and US findings of synovitis did not differ significantly.

Table 4 summarizes the most significant studies on the frequency of disease relapse in patients
who achieved clinical remission through biologic disease-modifying antirheumatic drugs
(b DMARDS). The results of these studies are highly inconsistent.

In the study by D. Marks et al. remission by DAS28 and PD was maintained in 96% of patients
at 3 months, 63% at 6 months, 37% at 9 months, and 34% at 18 months. In 88% of patients,
DAS28 remained <3.2, and PD was <1 after 6 months. Signs of synovitis on PD were identified
in 8 patients (25% of those with a relapse) who were in remission by DAS28. Factors
contributing to sustained remission included RF negativity and a lower DAS28 value at the start
of bDMARD therapy. Disease worsening was associated with persistent inflammation detected
by US. V. Foltz et al. found that in RA patients in remission or with low disease activity, those
with more pronounced active synovitis on PD experienced more frequent relapses.

Number )
Observation
of . Results
. Duration
Patients

SS+/ED-: At 3 months, dose reduction led to flare-ups in 13
42 6 months patients (30.9%). At 6 months after discontinuation of
biological therapy: flare-ups in 3 patients (10.3%).
ED+ and radiological progression: OR=1.4 (95% CI 1.1-1.9).
Low activity ED+ progression: OR=6.3 (95% CI 2.0-20.3).

85 12 months Flare-ups after 12 months in 26 patients (32.1%), 11 in
remission, 15 with low activity.
42 6 months SS+/ED+: AUC 0.76-0.73; p<0.001. Flare-ups in 16 patients
after 6 months.

Group ED+/SS+: Relapse in 47.1%. Groups ED-/SS- and ED-

48 12 months /SS+: Relapse in 20%.
ini iSSi i . = 0 —

106 24 months ED+ clinical remission casesllonscge)ased. OR=12.8 (95% CI 1.6
259 12 months No predictors identified. Ultrasound results had no impact.
40 12 months Erosions on US data increased flare risk: OR=8.35 (95% CI...).

Persistent subclinical inflammation leads not only to RA exacerbation but also to the progression
of joint destruction.

One of the earliest studies on the use of US to predict radiographic progression was conducted
by P.C. Taylor et al. In patients receiving conventional disease-modifying antirheumatic drugs
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(cDMARDs) or cDMARDs combined with bDMARDs, a weak inverse correlation was observed
between GS/PD findings and the Sharp score. In the placebo group, a significant direct
relationship was found between baseline synovial thickness and hypervascularization on the one
hand, and the overall radiographic progression score after 54 weeks on the other.

Several studies have demonstrated the progression of radiographic changes in joints during
clinical remission, with ultrasound (US) indicators of inflammation (particularly power Doppler
[PD] findings) serving as predictors of these changes. According to N. Tokai et al., in a study of
44 RA patients in clinical remission, persistent synovitis was observed in 59% of cases during
US examinations, which was accompanied by worsening radiographic findings.

The progression of radiographic changes in patients with persistent synovitis detected via PD
after 4 months of biologic therapy (bDMARDs) was demonstrated in a study by M. Dougados et
al., involving 59 RA patients. Similarly, M. Hama et al. found a significant correlation between
PD scores and changes in the Sharp index in RA patients treated with tocilizumab (a monoclonal
antibody targeting the IL-6 receptor). This issue has also been analyzed in several studies by E.
Naredo et al., which identified a relationship between radiographic progression and US
inflammation parameters. One of these publications described strong correlations between PD
findings and radiographic progression in patients with early RA receiving conventional disease-
modifying antirheumatic drugs (cDMARDs) and bDMARDs. Another study demonstrated the
potential use of PD to predict radiographic progression following the discontinuation of
bDMARDs.

Number .
Observation
of . Results
. Duration
Patients

SS score and Sharp score: r=0.69; p=0.02 (relationship
24 12 months identified). ED score and Sharp score: r=0.78; p=0.005
(relationship identified).
ED score and Sharp score: r=0.59-0.66; p<0.001 (relationship
identified).
ED score and Sharp score: r=0.032; p<0.001 (relationship
identified, OR=12.21; p<0.001).
ED score and Sharp score dynamics: no relationship identified.
31 50 weeks Persistence of synovitis by ED data and Sharp score dynamics:
no relationship identified.
ED score and Sharp score: identified as a predictor of
radiological progression (OR=1.4; p<0.001).
ED score and Sharp score: r=0.357; p=0.006 (relationship
69 24 weeks identified in the general cohort). Under MT treatment: r=0.7;
p=0.004 (relationship identified).

ED score and SS score after 4 months of therapy identified as
59 2 years predictors of radiological progression over 2 years (OR=2.79;
95% CI 1.19-6.56; p=0.019).

ED score and Sharp erosion sum: predictive significance over 1
127 2 years year (OR=1.51; 95% CI 1.01-2.28), over 2 years (OR=1.22; 95%
Cl 1.04-1.42). Sensitivity: 80%, specificity: 60%.

Sharp score and ED at 12 months: r=0.354; p=0.003 (relationship
identified).

SS score and Sharp score: no relationship identified. ED score
and Sharp score: no relationship identified.

42 12 months

90 12 months

85 1 year

68 1 year

111 18 months

According to K. lkeda et al., radiographic progression was observed in 21 out of 57 patients
(36.8%) over a 24-week follow-up period. A significant correlation was noted between changes
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in the Sharp index and both DAS28-CRP and PD scores. Among patients receiving cDMARDs,
PD scores correlated with changes in the Sharp index but not with CRP or DAS28. In contrast,
during bDMARD therapy, no correlations between PD and activity indices were observed.

Other authors have also reported inconsistent findings regarding the relationship between
synovitis severity on PD and RA outcomes. For instance, J. Fukae et al. investigated the
association between active synovitis in hand joints and radiographic progression in patients with
low clinical activity during bDMARD therapy. No significant correlation between US findings
and the Sharp score was identified. However, a significant increase in destructive changes on
radiography was observed with longer persistence of synovitis.

Other studies have confirmed the association between persistent US-detected synovitis activity
and the progression of destructive joint changes. For example, H. Harman et al. identified a
correlation between the Sharp score and PD findings after 12 months of follow-up in 68 patients.

As previously mentioned, the persistence of US-detected active synovitis leading to radiographic
progression may be associated with elevated baseline levels of IL-6 and CRP, as observed in the
study by A. Baillet.

It is hypothesized that longer observation periods may help establish a link between baseline
indicators and subsequent progression. One such study was conducted by T. Funck-Brentano et
al., who examined 127 patients with early arthritis. Over a two-year follow-up, PD was shown to
predict radiographic progression. Moreover, the presence of erosions detected via US prior to
treatment was identified as a predictor of worsening destructive changes one year after the start
of therapy.

Key Insights in Ultrasound Diagnostics for Rheumatoid Arthritis

80|

60

40

Effectiveness (%)

20¢

One of the reasons for inconsistent evaluations and discrepancies is considered to be the limited
capabilities of each individual method (GS or PD). Currently, there are several scales or indices
for assessing ultrasound (US)-detected joint changes, most of which use separate semi-
quantitative evaluations of synovitis based on GS and PD findings. Recently, some authors have
adopted the combined GLOESS (Global OMERACT-EULAR Synovitis Score), which also uses
semi-quantitative evaluations of synovitis in both GS and PD modes.

The primary evaluation criterion is the degree of synovial vascularization as measured by PD.
However, despite this apparent objectivity, studies using the GLOESS scale still produce
inconsistent results. In the multicenter APPRAISE study, no association was found between US-
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detected changes and disease activity indices, although a low correlation was observed with
swollen joint count (SJC) and tender joint count (TJC).

Another reason for skepticism regarding US-detected changes, particularly those interpreted as
subclinical synovitis, is the presence of similar findings in healthy volunteers. 1. Padovano et al.
examined 6,621 joints in 182 individuals and identified US-detected inflammation on GS in 406
joints (2.8%) and on PD in only 42 joints (0.7%). The majority of "false-positive" results were
based on borderline (1-point) values in the semi-quantitative assessment of inflammation.
Similar findings have been reported by other authors.

Another limiting factor is the lack of a universal evaluation scale, as the indices currently in use
are not always comparable or equivalent. A further independent limiting factor is the resolution
capacity of ultrasound probes, along with settings for signal processing and transformation,
which is especially relevant when using PD. Despite these contradictions and the absence of
large-scale multicenter studies, recommendations for US diagnostics in rheumatology were
developed and proposed in 2013 based on numerous published works discussed in this review.
However, these recommendations require further clarification in today's context.

At present, despite divergent opinions regarding the role of joint ultrasound in RA, ranging from
support to outright dismissal, this method is actively used for diagnosis, dynamic disease
monitoring, evaluation of treatment effectiveness, and outcome prediction. Further research in
this area, especially large-scale multicenter studies involving extensive patient cohorts and the
development of standardized examination protocols and equipment, could help identify new
factors and more accurately define the role of ultrasound in the daily practice of rheumatologists.
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