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Abstract

:

The use of ultrasonography (US) has considerable potential for the diagnosis and monitoring of gout due to its capacity to detect monosodium urate deposits. In the last decade, a critical amount of scientific data has become available. Consensus-based definitions for ultrasonographic elementary lesions in gout have been developed, tested, and validated, as well as a semiquantitative scoring system for their quantification. Many scanning protocols have been proposed in different clinical scenarios. In this review, we formulate a set of practical suggestions for the use of the US in daily practice. We discuss the current knowledge to indicate which joints and structures are to be scanned and which elementary findings are to be evaluated according to the clinical scenario. While for some clinical settings, a quite definite scanning protocol can be indicated, others still need to be further investigated, and how to obtain the best out of the US is still entrusted to the individual experience.
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1. Introduction


Gout is a crystal arthropathy characterised by the deposition of monosodium urate (MSU) crystals in articular and periarticular tissues [1]. It is the most common inflammatory arthritis in Western countries [2], with an estimated prevalence in American adults of 3–4% [3].



Long-standing untreated gout can lead to tophaceous deposits, chronic joint damage, renal stones, chronic kidney disease, and a variety of cardio-metabolic comorbidities [4,5,6].



The identification of MSU crystals by microscopic analysis is the gold standard for the diagnosis of gout [7,8]. However, the identification of MSU crystals can be challenging because joint aspiration and synovial fluid analysis require skills and facilities that are not always available, especially in primary care, where most of the patients with gout are managed. Thus, imaging techniques play an important role in the diagnosis of gout, especially in patients with atypical clinical features and uncertain diagnoses [8].



Several imaging modalities have been used to detect MSU crystal deposits, estimate their extent, and monitor changes induced by urate-lowering therapy [9]. In particular, ultrasound (US) and dual-energy computed tomography (DECT) have been shown to be accurate and reliable in the identification of MSU crystal deposits. Indeed, the US and DECT have been included in the American College of Rheumatology (ACR)/European League Against Rheumatism (EULAR) 2015 classification criteria for gout. Their important role has been confirmed in the 2018 updated EULAR evidence-based recommendations for the diagnosis of gout [7,8]. The diagnostic value of the US has been reported in a large, international, multicentric study showing that US has a high specificity for diagnosing gout [10].



The main advantages of the US include the low running costs, the widespread availability, the absence of radiation exposure, the possibility to carry out a repeatable multi-site and multi-tissue evaluation, the capability of real-time assessment, and the ability to investigate not only MSU deposits but also structural damage and inflammatory changes [8,11,12,13]. Moreover, the US has shown moderate to excellent reliability in several studies [14,15,16,17,18].



The purpose of this narrative review is to describe the optimal scanning technique and the machine settings to obtain the most out of US scans in clinical practice, with the explicit objective of maximising the diagnostic potential of US in the clinical management of gout. The manuscript aims to serve as a comprehensive guide, equipping clinicians with the knowledge required to perform US in the nuanced landscape of gout diagnosis and management.




2. Machine Setting Optimisation for Crystal Visualisation


The spectrum of US findings indicating crystal deposits is broad and heterogeneous. This variability depends on the size, shape, echotexture, and distribution of crystal deposits.



Compared to calcium pyrophosphate (CPP) crystals, MSU deposits may have variable echogenicity (from hypoechoic to hyperechoic) and are frequently inhomogeneous [11,16,18,19]. They may generate posterior acoustic shadowing [16,18,20]. This aspect may contribute to differentiating MSU deposits from other hyperechoic structures and CPP crystal deposits.



When MSU deposits have a hyperechogenic appearance (similar to the bony surface), it is poorly influenced by changing the angle of insonation and reducing the gain level. In fact, hyperechoic MSU deposits remain identifiable, as well as the bone, even with a low level of gain, while other hyperechoic abnormalities such as proteinaceous debris, synovial proliferation, and other soft-tissue interfaces may become undistinguishable [11,21].



In addition, anisotropy artefacts may be a valuable resource when dealing with gout. MSU deposits are not affected by such artefacts, and they maintain their high reflectivity while the surrounding structure reduces their echogenicity. Thus, the identification of MSU deposits is easier when they are situated within tissues prone to anisotropy artefacts, such as tendons and ligaments [11,21]. On the other hand, incorrect machine settings (e.g., an excess of electronic steering of US beams or the use of the compound image) may lead to overestimation of normal hyperechoic structures such as the chondro-synovial interface.



When performing US examinations for the detection of MSU deposits, specific scanning manoeuvres and machine settings can significantly impact the quality and accuracy of the imaging. General considerations are summarised in Table 1.



Specific adjustments may be needed based on the US system, patient characteristics, and the anatomical region being examined.




3. US Definitions for Crystal Identification in Tissues


The Outcome Measures in Rheumatology (OMERACT) US Working Group Gout Subtask Force developed and tested the reliability of consensus-based definitions for the US findings in gout [16,18].



With an agreement of >80%, consensus-based definitions were obtained for four elementary lesions: double contour (DC), tophi, aggregates, and bone erosions.



The adoption of the OMERACT definition for US imaging is of paramount importance in ensuring methodological consistency and international standardisation. Embracing the OMERACT criteria establishes a common framework, fostering uniformity in US assessments across studies, researchers, and centres. This standardised approach not only enhances the reliability and validity of research outcomes but also facilitates comparisons between studies. By promoting a shared methodology, the OMERACT definitions have contributed to the robustness of evidence-based practices in US imaging, thereby reinforcing the clinical applicability of US findings within gout research.



3.1. Double Contour Sign


OMERACT definition: Abnormal hyperechoic band over the superficial margin of the articular hyaline cartilage, independent of the angle of insonation, which may be either irregular or regular, continuous or intermittent, and can be distinguished from the cartilage interface sign [16,18] (Figure 1 and Figure 2).



The DC sign has a high specificity for the diagnosis of gout (89.0%), but its sensitivity is moderate (65.1%) [22]. However, some studies have questioned its specificity for gout, as the DC sign has been described in patients with calcium pyrophosphate deposition (CPPD), with a prevalence of 7–20% [10,23,24].



The diagnostic accuracy of the DC sign depends on joint shape and size. The shape determines the width of the acoustic window to detect the DC sign, and the knee represents the joint with the larger extent of the cartilage surface explorable by the US. The size was investigated by Löffler et al., who reported the highest sensitivity (78.8%) in medium-size joints, such as the ankle and wrist, and the best specificity in large-size joints (85.1%), such as the knee and shoulder [25].



Particular attention should be given to avoid misinterpretations. The DC sign entails an enhancement of the chondro-synovial margin, which results in thicker than normal and is not dependent on perpendicular insonation to be visualised [16,18,26]. Another aspect to take into account is to avoid overestimation of the normal chondro-synovial interface in the presence of overlying fluid collections. For instance, the presence of even a small amount of synovial fluid can enhance the visualisation of the superficial margin of the articular cartilage. The dislocation of this fluid with the probe can help in the interpretation of this finding [21]. Finally, a dynamic assessment of the hyaline cartilage should always be performed during slow flexion and extension movements of the joint because the DC sign moves together with the subchondral bone while other hyperechoic interfaces (i.e., capsules and/or ligaments) and the pseudoDC sign of CPPD move in the opposite direction [19,27].




3.2. Tophi


OMERACT definition: A circumscribed, inhomogeneous, hyperechoic, and/or hypoechoic aggregation (which may or may not generate posterior acoustic shadow) may be surrounded by a small anechoic rim that may be either intraarticular or intratendinous [16,18] (Figure 3, Figure 4 and Figure 5).



While tophaceous deposits are a key feature in gout, their US detection was not included in the 2015 gout ACR/EULAR classification criteria. Tophi are almost exclusively found in gout, and US identification of tophi yielded a very high specificity (93.2%) but a lower sensitivity (54.3%) than the DC sign [22].



Tophi may generate a wide spectrum of US features not only in different patients but also in the same subject. Such heterogeneity depends on several factors: the size of MSU deposits (from small deposits not detectable on physical examination to clinically evident subcutaneous deposits), their outline (well or poorly defined margins), their echostructure (homogeneous or inhomogeneous deposits), and their anatomical site.




3.3. Aggregates


OMERACT definition: Bright hyperechoic, isolated spots too small to fulfil the tophus definition and characterised by maintaining their high degree of reflectivity when the insonation angle is changed, which may be either intraarticular or intratendinous. The aggregates can only be scored in a patient if other US features suggestive of gout, such as DC and/or tophus, are present/have previously been present at the patient level and if the aggregates are not located inside a tophus [16,18] (Figure 6).



Aggregates are thought to be MSU deposits that are not large enough to be defined as tophi [16,18]. They may be the earliest sign of MSU deposition. However, due to an unsatisfactory specificity (32%) [28], the OMERACT US Working Group changed their definition in 2021. Indeed, intra-articular air bubbles, steroid crystals after local treatments, and other small crystal deposits may mimic small aggregates [21]. Although this definition will surely increase their specificity, it takes away their value in the early diagnosis of gout and downgrades the role of aggregates to monitoring only.




3.4. Bone Erosions


OMERACT definition: An intra- and/or extra-articular discontinuity of the bone surface (visible in two perpendicular planes) [16].



Although bone erosions are regarded as gout-specific US findings [16], they could also be detected in other inflammatory or degenerative arthropathies. In gout, the erosions are often multifocal, predominantly located on the medial side of the metatarsal head of the first toe, and rarely show the Doppler signal inside [29]. The US identification of bone erosions yielded a very high specificity (93.3%) and a moderate sensitivity (51.6%) for gout [22]. In fact, the typical distribution (e.g., the metatarsophalangeal joint of the first digit) and the US appearance (usually deeper, more destructive, and filled with hyperechoic MSU deposits) make bone erosions characteristic of gout [11,21]. In addition, the presence of bone erosions at the MTP1 joint level was associated with higher scores of US-detected DC signs, tophi, and aggregates [30].



However, systematic and comparative studies should further define the specificity of US-detected bone erosions (including their shape, appearance, and size) in the classical ‘target’ joints of gout using other rheumatic diseases as controls [31,32].





4. OMERACT Semiquantitative Scoring System


In 2021, the OMERACT US working group developed and tested a scoring system for MSU crystal deposits (i.e., aggregates, DC signs, and tophi). The score ranges from 0 to 3: grade 0 equals “absence” of MSU deposits, grade 1 to “possible” presence of MSU deposits,” grade 2 to “definite but minimal” MSU deposition, and grade 3 to “definite and severe” MSU deposition [18].



The reliabilities of the scoring system were good for all lesions, with slightly higher intra-reader (κ-values 0.74–0.80) than inter-reader reliabilities (κ-values 0.61–0.67) in a patient-based reliability exercise. Moreover, this scoring system has been shown to be sensitive to change after a treat-to-target approach with urate-lowering therapies in independent cohorts [30,33].




5. Main Applications of Ultrasound in Gout


In 2019, the Gout, Hyperuricemia and Crystal-Associated Disease Network (G-CAN) proposed a set of disease states in patients with gout: preclinical states (asymptomatic hyperuricemia, asymptomatic MSU crystal deposition, asymptomatic hyperuricemia with MSU crystal deposition), clinical states (gout, tophaceous gout, erosive gout), and gout flares (first gout flare and recurrent gout flare) [34]. Table 2 reports the main potential applications of the US in gout according to published literature and our clinical practice.



The US scanning protocol should be tailored using data from current and previous clinical and imaging pathological findings. Moreover, the US assessment should also include the most frequently involved targets, even when asymptomatic [35,36].



Table 3 summarises the most commonly used scanning protocols in gout.




6. Sonographic Diagnosis of Gout in the Inter-Critical Phases in Patients with Uncertain Diagnosis


In the last decade, several US scanning protocols have been described. In 2012, Peiteado et al. [14] demonstrated the usefulness of a short US scanning protocol in the diagnosis of gout. The authors reported excellent sensitivity (97%) and feasibility (6 min) of a scanning protocol including four joints (knees and MTP1 joints) and two elementary findings (hyperechoic cloudy areas and DC sign). The main limitations of this study were the absence of a control group that did not allow for assessing the specificity of such a scanning protocol, the low number of patients, and the lack of standardised definitions for US findings. Moreover, the upper limb’s structures and Achilles tendons were not evaluated, despite their involvement, which is not rare in gout.



To overcome such limits, in 2014, Naredo et al. [15] carried out a systematic multiplanar US examination of 26 joints (42 synovial recesses), 6 bursae, 8 tendons, and 20 tendon compartments, 4 ligaments, and 18 articular cartilages (30 cartilage areas) in 91 gouty patients and 42 age-matched controls. Then, a reduced scanning protocol was developed. The assessment of one joint (radiocarpal joint) for aggregates, two tendons (patellar tendon and triceps tendon) for aggregates, and three hyaline cartilages (metatarsal head’s cartilage of the MTP1 joint on the dorsal and plantar scans, talar cartilage, and either metacarpal head’s cartilage of the MCP2 joint on the dorsal scan or femoral condyles’ cartilage on the anterior scan) for DC sign showed the best balance between sensitivity (84.6%) and specificity (83.3%), with a positive and negative predictive value of 92.0% and 71.0%, respectively. In addition, the inclusion of three more joints (midcarpal joint, MTP1 joint, and knee) for aggregates led to a very high sensitivity (94.5%) for the diagnosis of gout.



The diagnostic accuracy of the scanning protocols proposed by Peiteado et al. and Naredo et al. was compared by Bhadu et al. [44], reporting the same sensitivity, specificity, and positive and negative predictive values using both the 4-site and the 12-site examination (87.2%, 84.0%, 83.7%, and 85.6%, respectively).



In 2021, Christiansen et al. [28] suggested the use of a reduced set of anatomic sites to be scanned for diagnosing gout using OMERACT definitions for MSU deposits. In addition to MTP1 joints (for tophi and DC sign) and knees (for DC sign), the authors included MTP2–5 joints (for tophi and DC sign) and peroneal tendons (for tophi). Although it showed excellent sensitivity (93%), its specificity was not provided.



It is well known that disease duration is an important factor in determining the sensitivity of the US [10,45]. In fact, sensitivity was higher in patients with long-standing disease (≥2 years of symptoms or with subcutaneous tophi) than in those with early disease or without subcutaneous tophi, both considering DC sign (63.4% vs. 50.9%, p = 0.02) and tophi (50.5% vs. 33.6%, p < 0.01) [10]. Thus, Norkuviene et al. [37] carried out a study aiming at identifying the optimal scanning protocol for the diagnosis of early gout (≤2-year symptom duration). A total of 36 joints (both wrists, MCP joints, proximal interphalangeal joints, knees, ankles, and MTP joints) and 2 tendons (triceps and patellar tendons) were assessed for DC sign and tophi in 60 gouty patients and 36 normouricemic subjects. The presence of tophi in the MTP1 joint and of the DC sign in the ankle yielded a sensitivity and specificity of 84% and 81%, respectively.



Although the US has shown good diagnostic accuracy in evaluating either 4 or 12 sites, more work is needed to identify the optimal set of joints to be scanned in early gout. Finally, all these scanning protocols did not consider the patient’s history [14,15,37,41]. Future studies should investigate the feasibility and accuracy of a flexible US scanning protocol that considers the sites most involved in the patient’s history.




7. Sonographic Diagnosis of Gout in Undiagnosed Mono- or Oligoarthritis


The EULAR gout task force strongly recommends performing synovial fluid analysis in any patient with undiagnosed arthritis [8]. However, synovial fluid aspiration may not always be successful, and its analysis may lead to inconclusive results. In such conditions, the US can provide an additional value over clinical data in the differential diagnosis of acute gout in patients presenting with acute arthritis [36,39,40].



In 2015, Zufferey et al. [39] carried out a monocentric and prospective study on 109 patients presenting with acute arthritis (including both gout and CPPD). The OMERACT US findings, indicative of MSU deposits, showed excellent specificity (92%) in the diagnosis of gout and moderate sensitivity (60%) when only the symptomatic joint was assessed. An increase in sensitivity (84%) and a concomitant decrease in specificity (78%) were observed when the scanning protocol considered other uninvolved joints, such as knees, ankles, and the MTP1 joints.



In 2017, similar results were observed by Pattamapaspong et al. [40]. In that study, the scanning protocol included only the clinically involved joint, in which synovial fluid analysis was performed (the knee in 64% of patients). The sensitivity and specificity of the OMERACT US findings indicative of MSU crystal deposits (DC sign and tophi) were 75% and 89%, respectively. Considering the US findings separately, the sensitivity and specificity were 42% and 92% for DC signs and 40% and 100% for tophi.



In 2023, Cipolletta et al. carried out a prospective study aimed at investigating the accuracy of US in the differential diagnosis between crystal arthritis (gout and CPPD) and other arthropathies in patients with acute mono/oligoarthritis [36]. Unlike previous studies, we adopted a flexible scanning protocol that considered the knees (femoral trochlear hyaline cartilage, menisci, patellar tendon, and popliteal groove region), the MTP1 joints, and the symptomatic one(s) in the suspicion of gout. The sensitivity and specificity of the US were 75.0% and 91.0% when assessing the symptomatic joint(s) only, whereas they were 91% and 91% when using the whole scanning protocol (p < 0.05).




8. Sonographic Evaluation of MSU Burden in Patients Diagnosed with Gout for Prognosis and Treatment Monitoring


An increasing number of studies evaluated the role of the US in monitoring gouty patients receiving urate-lowering therapy (ULT) and showed the disappearance of the DC sign and a decrease in tophus size after achieving a SU < 6 mg/dL [30,33,41,42,43].



The reduction in US MSU deposits was associated with the target SU level but not with disease duration or baseline SU [43]. In fact, a higher decrease in tophus size and in the number of joints showing DC signs was noted in patients reaching an SUA < 5 mg/dL than in those with an SUA between 5 and 6 mg/dL [43].



Although even a more pronounced effect was noted in a longer follow-up, the minimal period of ULT required to observe a significant reduction in DC sign was 3 months [30,33,42,43]. Of note, Peiteado et al. documented the persistence of at least a joint showing a DC sign in 28.6% of patients after 24 months of ULT. Of interest, the therapeutic goal of SU < 6 mg/dL was not reached by any of them [42].



According to the available evidence, cartilage deposits seem easier to clear than tophaceous deposits. Although small tophi may dissolve within a few months, bigger or more compact tophi may require a longer time to disappear. Thus, the disappearance of the DC sign may be considered the earliest US sign of ULT efficacy [30]. In fact, the presence of DC signs decreased from 92.9% to 44.4% after 12 months of ULT, while tophi showed only a little decrease (from 93.4% to 80.2%). In addition, articular tophi seem to dissolve easier than those at the tendon level [33,41,42]. This observation was supported by Christiansen et al., who documented statistically significant decreases in tophi at the MTP1 joint after a 6-month follow-up but not at tendon level (triceps, quadriceps, and patellar tendons) [33]. One of the reasons may be linked to a lower vascularisation of tendons and, consequently, to a lower crystal clearance [42].



Close monitoring of MSU deposits may guide early treatment changes. In fact, a contextual reduction in both SUA levels and US MSU deposits would lead to maintaining the same treatment. Conversely, the lack of US changes may be indicative of the need to optimise the ULT. Moreover, the baseline US burden of MSU crystal deposits has been associated with the risk of future flares [46,47,48]. Thus, reliable and feasible estimation of the MSU burden should be considered an essential prerequisite for monitoring MSU crystal dissolution and deciding when to stop gout flare prophylaxis [49].



Since the measurement of whole-body MSU deposits is not feasible in daily practice, circumscribing such estimation to a predetermined set of joints or to a single and representative anatomic area may be a feasible alternative approach.



It should be considered that the higher the number of scanned sites, the more precise the estimation of MSU burden at the patient level, but the longer it takes to examine them.



Only two scanning protocols have been used to monitor ULT efficacy so far. Peiteado et al. and Ebstein et al. performed a 4-joint evaluation (MTP1 joints and knees) for DC sign and tophi [42,43]. On the other hand, Christiansen et al. suggested including six joints [MTP1 joint (for tophi and DC), MTP2 joint, and knee (for DC)] and four tendons [peroneal tendons and distal portion of patellar tendon (for tophi)] [41]. However, to date, no comparative studies are available, and the optimal number of joints to be monitored in patients starting ULT is far from being defined.



Another strategy to evaluate the efficacy of ULT was the US-size monitoring of a single tophus [30,42,43]. In fact, the identification and monitoring of only one index tophus, instead of many of them, would make follow-up evaluations easier and more feasible. Several US methods of tophus measurement were described. In 2007, Perez-Ruiz et al. [50] attempted to measure both tophus volume and its maximal diameter in a prospective US study, reporting the smallest detectable difference of 1.27 mm3 for volume and of 5.5 mm (23.0% of the average measures) for maximal diameter. On the other hand, in 2019, Ebstein et al. [43] evaluated the largest diameter of the tophus, considering a significant difference greater than 20% of the baseline measure. Both methods showed sensitivity to change during ULT, and a significant decrease in tophus size was observed only after 6 months [30,43]. However, the criteria to select the “ideal” index tophus were not perfectly defined, and all these factors (dimensions: large vs. small tophi; echostructure: dense and compact vs. soft and heterogeneous tophi; site: subcutaneous, tendinous, intra-articular) should be kept in mind when selecting an index tophus to be monitored.



Moreover, tophi are complex structures containing collections of MSU crystals surrounded by inflammatory cells and connective tissue. In a cross-sectional study, Pascart et al. showed that US and DECT provided different results in measuring tophi, with DECT generally yielding smaller volumes than US [51]. This could be explained by the fact that the US and DECT may evaluate different structural components of the tophus, and the US may poorly distinguish between urate and non-urate components [52]. Of note, Peiteado et al. documented that nearly 80% of patients still had one or more tophaceous deposits after 24 months of ULT, even when patients who reached and maintained SU < 6 mg/dL were considered [42]. This finding may be explained by the following hypotheses: first, a lower target of SU may be necessary for patients with US evidence of tophi similar to what is recommended by the EULAR for tophaceous gout; second, non-urate fibrous components of the tophi may still be detectable by the US even after a successful ULT.



Aggregates were the US finding with less tendency to decrease during the ULT [30,33,41]. The temporal evolution of MSU aggregates cannot be easily predictable; while some may disappear during ULT, others may originate from the dissolution of large tophi. Thus, although this finding has been shown to be sensitive to change during effective treatment, the role of aggregates in the monitoring of ULT is yet to be clarified.



Even though the US showed great potential in the identification and monitoring of MSU burdens, further studies should address some unresolved issues. Which is the best method to monitor the changes in MSU deposits (dichotomous, semiquantitative, or quantitative)? Which OMERACT US elementary lesions should be considered (cartilage deposits, tophi, or both)? Which is the best scanning protocol to monitor ULT (single joint vs. set of joints)? What is the definition of an index tophus, and how should it be measured?




9. Conclusions


The evolving landscape of US applications in the diagnosis and management of gout has witnessed significant advancements over the past decade. As highlighted in this narrative review, the US has emerged as a valuable tool for detecting MSU crystal deposits, assessing disease burden, and monitoring treatment efficacy. For all these applications, the optimisation of the scanning technique plays a pivotal role in maximising the diagnostic potential of US in gout.



While for some gout clinical settings, a quite definite scanning protocol can be indicated, others still need to be further investigated.



Of note, the application of the US to the prognosis and treatment monitoring of gout reveals intriguing possibilities. The correlation between MSU burden and the risk of future flares underscores the potential of the US as a prognostic tool. Yet, the determination of the most effective and feasible set of joints for monitoring, especially in the early stages of gout or during urate-lowering therapy, requires further exploration.



While the US has demonstrated its utility in monitoring urate-lowering therapy and providing insights into the dynamic changes in MSU deposits, several questions persist. The optimal method for monitoring changes in MSU deposits, the choice between dichotomous, semiquantitative, or quantitative assessments, and the definition of an index tophus necessitate dedicated research efforts.



As more and more rheumatologists incorporate the US into their daily practice, the integration of evolving evidence with individual clinical experience will guide the optimal use of this imaging modality. The journey toward harnessing the full potential of the US in gout is ongoing, promising, and exciting.
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Figure 1. Double-contour sign (arrowheads). Hand, fifth finger, metacarpophalangeal joint. Dorsal longitudinal (A) and transverse (B) views. m = metacarpal head; p = proximal phalanx; t = finger extensor tendon. Images were acquired using a 6–18 MHz linear probe. 






Figure 1. Double-contour sign (arrowheads). Hand, fifth finger, metacarpophalangeal joint. Dorsal longitudinal (A) and transverse (B) views. m = metacarpal head; p = proximal phalanx; t = finger extensor tendon. Images were acquired using a 6–18 MHz linear probe.
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Figure 2. Double-contour sign (arrowheads). Knee, trochlear hyaline cartilage of the femur. Anterior transverse (A) and longitudinal (B) views. f = femoral trochlea; ti = tibia; pt = patellar tendon; h = Hoffa’s fat pad. Images were acquired using a 3–11 MHz linear probe. 






Figure 2. Double-contour sign (arrowheads). Knee, trochlear hyaline cartilage of the femur. Anterior transverse (A) and longitudinal (B) views. f = femoral trochlea; ti = tibia; pt = patellar tendon; h = Hoffa’s fat pad. Images were acquired using a 3–11 MHz linear probe.
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Figure 3. Tophaceous deposit (arrows). Hand, third finger, metacarpophalangeal joint. Dorsal longitudinal (A) and transverse (B,C) views. Transverse views (B,C) were acquired at the level of the solid (B) and dashed (C) lines, respectively m = metacarpal bone; p = proximal phalanx; t = finger extensor tendon. Images were acquired using a 6–18 MHz linear probe. 






Figure 3. Tophaceous deposit (arrows). Hand, third finger, metacarpophalangeal joint. Dorsal longitudinal (A) and transverse (B,C) views. Transverse views (B,C) were acquired at the level of the solid (B) and dashed (C) lines, respectively m = metacarpal bone; p = proximal phalanx; t = finger extensor tendon. Images were acquired using a 6–18 MHz linear probe.
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Figure 4. Tophaceous deposit (arrows and arrowhead). Hand, second finger, metacarpophalangeal joint. Radial aspect longitudinal (A) and transverse (B) views. m = metacarpal head; p = proximal phalanx. Note the heterogeneous texture of the tophus, which is made up of different areas with variable degrees of echogenicity. A part of the tophus generates an acoustic shadow and a pseudo interruption of the underlying bone profile. Images were acquired using a 6–18 MHz linear probe. 
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Figure 5. Tophaceous deposits (arrows). (A) Foot, second digit, metatarsophalangeal joint. Dorsal longitudinal view. (B) Hand, third finger, proximal interphalangeal joint. Dorsal longitudinal view. Both images show representative examples of hard tophi with complete and partial impairment of the ultrasound beam penetration and, consequently, of the underlying bony cortex visualisation. While in A, the tophus is intra-articular with a clear visualisation of the overlying extensor tendon of the finger, in B, the tophus is periarticular and englobes the finger extensor tendon that is barely detectable inside the tophaceous texture (arrowheads). mt = metatarsal bone; pp = proximal phalanx; mp = middle phalanx. Images were acquired using a 6–18 MHz linear probe. 
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Figure 6. Aggregates within the tibialis anterior tendon. Ankle, tibialis anterior tendon. Anterior longitudinal (A) and transverse (B) views. Note the important derangement of the tendon fibrillar echotexture due to urate deposits appearing as iperechoic spots and dots (arrowheads). Images were acquired using a 6–18 MHz linear probe. 






Figure 6. Aggregates within the tibialis anterior tendon. Ankle, tibialis anterior tendon. Anterior longitudinal (A) and transverse (B) views. Note the important derangement of the tendon fibrillar echotexture due to urate deposits appearing as iperechoic spots and dots (arrowheads). Images were acquired using a 6–18 MHz linear probe.
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Table 1. Tips and tricks for US imaging in gout.
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	Image Acquisition



	
	1.

	
Use a generous amount of gel to avoid tissue compression and to enhance the reflectivity of acoustic interfaces and the distinction between different tissues.









	
	2.

	
Perform a clinically driven and tissue-oriented US examination, including common targets for MSU deposition such as the metatarsophalangeal joints, the knees, and other joints clinically relevant in the patient’s history. It is important to pay more attention to hyaline cartilages and extra-articular abnormalities than in a standard US assessment of patients with rheumatoid arthritis since MSU deposits may be localised both intra- and extra-articularly. Remember the differences in the topography of crystal deposits between calcium pyrophosphate deposition (mainly within the hyaline cartilage and fibrocartilage) and MSU deposits (both intra- and extra-articular and on the outer margin of the hyaline cartilage).









	
	3.

	
Carry out a multiplanar and comprehensive US evaluation of the whole anatomical area. MSU crystals may be everywhere!









	
	4.

	
Assess greyscale images both in static and dynamic scans and scan suspect crystal deposits both orthogonally and obliquely to test their dependence on the angle of insonation. Perform a dynamic assessment of the double contour sign to evaluate its dynamic behaviour in order to distinguish between calcium pyrophosphate deposits and MSU deposits.









	
	5.

	
Complete the US evaluation using the Doppler mode and comparative examination with the contralateral side and normal tissues.









	US machine settings



	
	6.

	
Frequency. Choose a high-frequency transducer for joint and soft tissue imaging. The selection of a higher frequency (the higher, the better for assessing superficial tissues) is crucial as it improves spatial resolution, allowing for the detailed visualisation of small structures like MSU crystals. However, be mindful of the trade-off with tissue penetration; high frequencies limit the depth of US imaging.









	
	7.

	
Gain (master gain and time gain compensation). Adjust the overall gain carefully to achieve optimal visualisation of normal tissues. Frequent adjustments may be necessary during the examination to maintain an optimal balance. Fine-tune the gain settings to optimise the contrast between different tissues and improve the distinction between normal tissues and MSU deposits. An iterative approach, comparing echoes from adjacent healthy tissue, helps in setting appropriate gain levels. Test the echogenicity of hyperechoic findings, reducing the gain level.









	
	8.

	
Depth. Set the depth appropriately to encompass the region of interest. Gout-related MSU deposits are often found in superficial joints and soft tissues. Adjust the depth settings to focus on the specific anatomical area under examination.









	
	9.

	
Dynamic range. Adjust the dynamic range to optimise the contrast between different tissues and improve crystal identification. The dynamic range setting affects the display of grayscale levels, enhancing the visualisation of subtle differences in tissue echoes. Proper adjustment is critical to identify MSU crystals against the background of surrounding tissues.
















 





Table 2. Main potential applications of US in gout.
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Disease State as Proposed by the G-CAN [34]

	
Clinical Question for US






	
Preclinical states

	
To provide evidence of MSU crystal deposition in asymptomatic hyperuricemia




	
Clinical states

	
To establish a diagnosis of gout during inter-critical phases by the visualisation of MSU deposits and by guiding the aspiration of synovial fluid




	
To evaluate the burden of MSU crystal deposits, subclinical inflammation, and structural damage




	
To monitor the efficacy of treatments on crystal deposition, structural damage, and subclinical inflammation




	
Gout flares

	
To diagnose gout during the first or recurrent gout flare




	
To recognise painful musculoskeletal conditions not related to gout




	
To treat gout flares by guiding local injections








MSU: monosodium urate; US: ultrasound.













 





Table 3. Main sonographic scanning protocols used in patients with gout.
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Authors

	
Anatomical Areas Evaluated

	
Bilateral

Assessment

	
US Findings

	
OMERACT Definitions

	
RS

	
SE

	
SP

	
PPV

	
NPV






	
Diagnostic purposes in intercritical gout




	
Peiteado

et al. [14]

	
two joints: MTP1 joint (dorsal, medial, and plantar aspects) and knee (medial and lateral recesses and hyaline cartilage of the trochlea)

	
Y

	
Hyperechoic cloudy areas

DC sign

	
N

	
SFA

	
97%

	
NR

	
NR

	
NR




	
Naredo

et al. [15]

	
one joint: radiocarpal joint

two tendons: patellar tendon and triceps tendon

three articular cartilages: I metatarsal head dorsal and plantar cartilage, talar cartilage, and either second metacarpal cartilage (dorsal aspect) or femoral condyle cartilage

	
Y

	
Tophi

DC sign Hyperechoic linear bands

	
N

	
SFA

	
84.6%

	
83.3%

	
91.7%

	
71.4%




	
four joints: radiocarpal joint, midcarpal joint, MTP1 joint and knee

two tendons: patellar tendon and triceps tendon

three articular cartilages: I metatarsal head dorsal and plantar cartilage, talar cartilage, and either second metacarpal cartilage (dorsal aspect) or femoral condyle cartilage

	
Y

	
94.5%

	
71.4%

	
87.8%

	
85.7%




	
two tendons: patellar tendon and triceps tendon

	
Y

	
46.2%

	
97.6%

	
97.7%

	
45.6%




	
Norkuviene

et al. [37]

	
two joints: MTP1 joint and ankle

	
Y

	
Tophi

DC sign

	
N

	
SFA

	
84.0%

	
81.0%

	
NR

	
NR




	
Diagnostic purposes in acute mono/oligoarthritis




	
Lamers-Karnebeek

et al. [38]

	
three joints: the most inflamed joint, MTP1 joint and knee (when the most inflamed joint was MTP1j or knee the ankle should be included)

	
Y

	
Tophi

DC sign Snowstorm sign

	
N

	
SFA

	
96%

	
68%

	
74%

	
95%




	
Zufferey

et al. [39]

	
one joint: the symptomatic one

	
N

	
Tophi,

DC sign Aggregates

	
Y

	
SFA

	
60%

	
92%

	
92%

	
62%




	
four joints: symptomatic one + knee, ankle and the MTP1 joint

	
Y

	
Y

	
SFA

	
84%

	
78%

	
82%

	
77%




	
Pattamapaspong

et al. [40]

	
one joint: the symptomatic one

	
N

	
Tophi,

DC sign Aggregates

	
Y

	
SFA

	
75%

	
89%

	
91%

	
71%




	
Christiansen et al. [28]

	
six joints: MTP1–5 joints (for tophi and DC) and knee (for DC)

two tendons: peroneus tendons

	
Y

	
Tophi,

DC sign

	
Y

	
SFA

	
93%

	
/

	
/

	
/




	
Cipolletta et al. [36]

	
Five joints: knees, MTP1 joints (for tophi and DC), plus the symptomatic joint

One tendon: patellar tendon

	
Y

	
Tophi,

DC sign

	
Y

	
SFA

	
91%

	
91%

	
71%

	
98%




	
Monitoring treatment efficacy and prognostic purposes




	
Christiansen et al. [41]

	
Three joints: MTP1 joint (for tophi and DC), MTP2 joint, and knee (for DC)

Two tendons: peroneal tendons and distal portion of patellar tendon (for tophi)

	
Y

	
Tophi,

DC sign

	
Y

	
SFA

	
/

	
/

	
/

	
/




	
Peiteado [42] and Ebstein [43]

	
Two joints: MTP1 joint and knee (for tophi and DC)

	
Y

	
Tophi,

DC sign

	
Y

	
SFA

	
/

	
/

	
/

	
/




