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Abstract

:

During the past 20 years, the use of ultrasound (US) in rheumatology has increased tremendously, and has become a valuable tool in rheumatologists’ hands, not only for assessment of musculoskeletal structures like joints and peri-articular tissues, but also for evaluation of nerves, vessels, lungs, and skin, as well as for increasing the accuracy in a number of US-guided aspirations and injections. The US is currently used as the imaging method of choice for establishing an early diagnosis, assessing disease activity, monitoring treatment efficacy, and assessing the remission state of inflammatory joint diseases. It is also used as a complementary tool for the assessment of patients with degenerative joint diseases like osteoarthritis, and in the detection of crystal deposits for establishing the diagnosis of metabolic arthropathies (gout, calcium pyrophosphate deposition disease). The US has an added value in the diagnostic process of polymyalgia rheumatica and giant-cell arteritis, and is currently included in the classification criteria. A novel use of US in the assessment of the skin and lung involvement in connective tissue diseases has the potential to replace more expensive and risky imaging modalities. This narrative review will take a close look at the most recent evidence-based data regarding the use of US in the big spectrum of rheumatic diseases.
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1. Introduction


The first published data regarding the use of ultrasound (US) in rheumatology were in the late 1990s, when radiologists performed US examination to differentiate thrombophlebitis from a Baker’s cyst [1]. A few years after this report, the US image of synovitis in rheumatoid arthritis was described again by radiologists [2]. Initially, the US was mostly used for assessment of the large joints. With the technological advances and implementation of high-frequency transducers in the rheumatology practice, the number of published studies about the use of US for assessment of small joints has rapidly increased during the past two decades [3]. The increasing use of US in rheumatology is mostly due to the numerous advantages this imaging technique possesses, namely the lack of ionizing radiation, the cost effectivity, the possibility for simultaneous assessment of many structures and for dynamic evaluation of the area of interest, and the fact that it is patient-friendly and enables a more accurate and less risky performance of a number of joint and periarticular diagnostic and therapeutic procedures [3].



The aim of this narrative review is to present in a clear and structured way the recent advances of US in rheumatology practice.




2. US in Inflammatory Joint Diseases


2.1. US for Establishing a Diagnosis


The US has been proven to be far more sensitive than the physical examination for the detection of synovitis, tenosynovitis, and enthesitis, thus being helpful in the establishment of early diagnosis of rheumatoid arthritis (RA) and spondyloarthritis (SpA) [4]. Please see Figure 1, Figure 2, Figure 3 and Figure 4. Subclinical synovitis and enthesitis is a common finding in the early stage of inflammatory joint diseases [4]. Therefore, the use of US in patients presenting with a new-onset inflammatory type of joint pain is of crucial importance in order not to delay diagnosis [4]. The number of US-detected inflamed joints and entheses has been proven to be greater than the number of inflamed joints/entheses found during physical examination [5,6,7,8,9,10].



The US-detected subclinical synovitis has even been proven to be a predictor of developing arthritis in patients with arthralgia, and, vice versa, the absence of joint inflammation from the US assessment is a negative predictor [11,12,13,14].



The US has even higher sensitivity than conventional radiography for the detection of structural damage, namely early erosions [15,16], and similarly to US-detected synovitis, US-detected erosions in arthralgia patients are also predictive of the development of arthritis [17,18].



2.1.1. US in RA Diagnosis


The key elementary lesions detected by US in RA are synovitis, tenosynovitis, bursitis, erosions, synovial cysts, and rheumatoid nodules [4]. In patients with early RA, the number of inflamed joints and tendons assessed by US has been proven to be greater than the one assessed by physical examination, meaning that US can visualize subclinical inflammation; thus, patients previously considered to have oligoarthritis may be diagnosed with polyarthritis [4,5,6,19]. In 2019, a US multinational working group published definitions for the main lesions detected by US [20]. It is important to assess the synovial hypertrophy both on gray scale and on Power Doppler (PD) US, the latter providing valuable information for the activity of the synovitis [21].




2.1.2. US in PsA Diagnosis


The inflammation of the entheses, termed enthesitis, along with synovitis, is considered to be the main inflammatory finding in patients with SpA, especially PsA [22,23]. Enthesitis has been documented to affect approximately 35% of PsA patients, being far more prevalent in PsA than in other joint diseases [24]. On the US, enthesitis presents with two types of lesions—inflammatory, consisting of the increased thickness of the enthesis, a hypoehogenic appearance, loss of the normal fibrillar pattern, and a positive PD signal, and structural, defined as the presence of enthesophytes, calcifications, or erosions at the entheseal level, considered to be no more than 2 mm distal to the tendon insertion on the bony surface [20]. According to the literature, the most commonly affected entheses in PsA are plantar fascia and Achilles tendon enthesis on the calcaneus, and the common extensor tendon enthesis on the lateral epicondyle of the humerus [24].



The US reveals subclinical enthesitis, underlying the importance of screening with US the target entheses in PsA in patients with early arthritis [4,9,10].




2.1.3. US Role for the Differential Diagnosis between RA and PsA


The US can be very helpful in the differential diagnosis between arthritides in the early stage, when clinical symptoms and physical findings may be similar, and specific disease-related features are still missing [25,26,27]. For example, the recognition of a specific pattern of inflammation by US can aid the rheumatologist to establish the correct diagnosis. Both RA and psoriatic arthritis (PsA) may present with symmetric involvement of the small joints of the hands. In the absence of specific erythematous papulous-squamous rash and specific antibodies, the early diagnosis can be challenging. The detection of mini-enthesitis by US is very specific for the diagnosis of PsA as compared to RA [25,28]. Mini-enthesitis encompasses several US-detected lesions, for example, inflammation of the paratenon of the finger extensor tendon (paratenonitis), inflammation of the small entheses of the central slip of the extensor tendon at the level of the proximal phalanx, or of the distal insertion at the distal phalanx, inflammation of the collateral ligaments of the small finger joints, inflammation of the pulley of the flexor tendon, and subcutaneous swelling around the finger flexor tendon (the so-called pseudotenosynovitis) [25].





2.2. US for Assessment of Disease Activity and Monitoring Response to Therapy


In order to use the ‘treat-to-target’ strategy for the control of inflammation in inflammatory joint diseases, a number of studies recommend to use US to more accurately assess the disease activity state in addition to the clinical disease activity indices [29,30,31,32,33].



The detailed US assessment of 28 joints is time consuming; therefore, a number of studies have been conducted exploring whether a reduced joint count is reliable enough to reflect disease activity and sensitive enough to reflect the therapeutic response. Currently, 7-, 8-, 9-, and 12-joint sets have been proven to correlate with the extensive and time-consuming US assessment of 24 or more joints [34,35,36,37].



In addition to the role of US for assessing response to therapy in RA, a number of studies have used US to detect early treatment efficacy in PsA patients [38,39,40].



Nevertheless, the results of two big randomized trials (the TASER and the ARCTIC) exploring the added value of US assessment of disease activity as compared to the classical assessment by composite clinical indices have revealed non-superiority of the imaging versus clinical evaluation for the treatment outcomes, thus highlighting the necessity for future studies to prove that US-based decision-making regarding management of patents with RA offers more benefits for the patient outcomes than clinical examination alone [41,42].




2.3. US for Assessment of the State of True Remission


The purpose of treating RA is to reach remission because it is associated with the best functional and structural outcomes for the patients [43]. According to the latest European League Against Rheumatism (EULAR) recommendations for management of RA, rheumatologists should define remission based on two definitions—the Boolean or index-based American College of Rheumatology (ACR)-EULAR remission definition [44]. Nevertheless, a number of RA patients still experience radiographic progression despite being in a state of remission [45]. A possible explanation for this concordance is the fact that many patients in clinical remission have evidence of persistent PD positive synovitis seen on US [37,43,46,47]. The practical implication for defining which patients are in the state of deep remission (clinical and US) is the fact that the risk of a disease relapse after drug tapering is the smallest [48,49,50]. Thus, the US may help the rheumatologist to decide which of the patients in clinical remission are suitable for attempting to decrease the dose or increase the interval for biologic drug administration [49,50]. A systematic review and meta-analysis have proven that subclinical joint inflammation, detected by US, is a predictor for a future flare and structural progression in RA patients in remission according to the composite disease activity indices [51].



After having discussed the role of US for the assessment of remission, the benefit of incorporating US in the management of patients with difficult-to-treat RA (D2T-RA) has also been proven [52]. In a recent study by David et al., US was used to distinguish different phenotypes of D2T RA patients—an inflammatory, characterized by US evidence of synovitis or tenosynovitis, versus a non-inflammatory [52]. The study shows that as many as 43% of D2T-RA do not to have evidence of joint or tendon inflammation and have higher prevalence of a high body mass index and fibromyalgia [52]. This finding has a practical implication; those patients would not benefit from escalation of therapy or switching to another drug class, as compared to the patients with the inflammatory phenotype, suggesting that in this clinical scenario, US-driven patient management may prove to be superior versus a clinically-driven strategy [52,53].





3. US in Degenerative and Crystal-Related Joint Diseases


3.1. US Use in Patients with Osteoarthritis (OA)


The first recommendations describing the role of different imaging modalities for OA were published in 2017 [54]. For assessment of soft tissue pathology, accompanying OA, and guiding needle placement on difficult to access joints, joints with severe deformity, or in obesity patients, US and MRI are the imaging methods of choice [54]. A well-known discrepancy between the level of pain and the radiographic changes exists in OA [54]. In addition to the physical examination and radiography of the joints, US can detect the source of pain for the individual patients with OA, thus improving patient management. A number of joint and peri-articular soft-tissue pathologies can be easily detected by US, the most common for the knee OA being intra-articular effusion, pes anserinus bursitis, enthesopathy of the proximal and distal patellar tendon and of the quadriceps tendon, Baker’s cyst, and iliotibial band tendinitis, all of which can be easily relieved by a local corticosteroid injection [55]. Please see Figure 5. Moreover, in comparison to radiographic changes that do not correlate with patients’ pain, US-detected lesions have been found to correlate to a great extent with pain intensity, as measured on a visual analogue scale (VAS) [55].




3.2. US in Crystal-Related Arthropathies


3.2.1. Gout


The detection of the cartilage double-contour sign (DCS), reflecting the deposition of uric acid crystals over the hyaline cartilage, is included in the 2015 classification criteria for gout [56]. Please refer to Figure 6. The proven high specificity of the US lesions detected in gout (DCS; snowstorm appearance of the joint effusion, tophus, bony erosions) makes it a valuable diagnostic tool [57,58]. The joints and tendons that frequently show US evidence of urate crystals deposition, with the best balance between sensitivity and specificity, are the first metatarsophalangeal, the tibio-talar, the second metacarpophalangeal and the knee joint, and the patellar and triceps tendons [57].



In addition to its role in the establishment of the diagnosis of gout, a number of studies have applied US for monitoring treatment response during urate-lowering therapies [59,60]. Recently, the value of US as a predictive imaging tool for gout flares has been established in two studies [61,62].




3.2.2. Calcium Pyrophosphate Deposition Disease (CPPD)


The reliability of US in the assessment of the triangular fibrocartilage of the wrist in CPPD using conventional radiography as a reference method has been proven [63,64]. Musculoskeletal Ultrasound (MSUS) has been proven to be more sensitive than conventional radiography in identifying CPP crystals [65]. In 2017, Filippou et al. developed definitions for elementary lesions typical for CPPD in the hyaline cartilage and fibrocartilage of the knee joint [66]. A year later, the same working group established the reliability of US-detected CPP deposits for other locations—the triangular fibrocartilage of the wrist joint and acromio-clavicular joint [67]. Please see Figure 7. The new 2023 Classification Criteria for CPPD emphasize the important role of US evidence of CPP crystal deposition, due to the fact that the highest number of points of the two imaging domains comprise almost 50% of the weighting [68]. A semi-quantitative scoring system for US-detected CPPD burden was developed in 2023, which opens the way for US monitoring of treatment response in trials evaluating new treatment options for CPPD [69].



The US can even help in the differential diagnosis between gout and CPPD (pseudogout), because uric acid crystals deposit on the surface (creating the DCS), while the CPP crystals are located in the middle layer of the hyaline cartilage [70]. Recently, the pseudo-double contour sign has been proven to be a hallmark for CPPD—CPP crystals can deposit within the ligament located above the hyaline cartilage, thus mimicking uric acid crystals [70]. Dynamic scanning may be used to differentiate between the DCS in gout and pseudo DCS in CPPD—the DCS moves together with the hyaline cartilage during joint movement, whereas the pseudo DCS and the cartilage move in the opposite direction [70].






4. US in Systemic Connective Tissue Diseases


4.1. Systemic Sclerosis (SSc)


The US has various applications in the assessment of patients with SSc, namely for evaluation of skin fibrosis, lung involvement, joint and peri-articular pathology, calcifications, and digital tip ulcers [71].



Skin US—The modified Rodnan Skin Score (mRSS) is the most widely accepted method for assessment of the skin fibrosis in SSc, although it possesses a lower reproducibility and can miss subtle skin changes. The US can detect subclinical dermal thickening, has a higher intra- and inter-observer reproducibility, and is more sensitive to change during treatment [72,73,74]. During the last decade, the introduction of very high frequency probes (more than 18 MHZ) and new variations of the classic B-mode US assessment (classical and shear wave elastography) has brought skin US to a new level [73,74]. The World Scleroderma Foundation (WSF) skin US group has even issued a set of recommendations regarding the way of performing and reporting a skin US [74].



US of digital tip ulcers (DUs)—In the past, inspection of the DUs was the only way to describe their characteristics—size, depth, presence of calcifications or infection—but the introduction of US has shed a new light on the topic and has provided objectivity for estimation of size, depth, and even response to treatment. Until now, US for the assessment of DUs has been partially validated and future research for proving its construct validity and reliability is still warranted [75].



US of joints, enthesis, tendons—Joint pain in patients with SSc may be the result of a great number of underlying pathologies, for example, joint inflammation, tendon or enthesis inflammation, calcinosis, acro-osteolysis, nerve entrapment, or deposition of calcifications, all of which can be easily assessed by US [76]. Joint synovitis and tendon friction rubs (TFRs) are independent predictive factors for disease progression in patients with early SSc. With the help of US, the tenosynovitis type may be determined—an inflammatory (anechoic or isoechoic tendon sheath widening) versus sclerosing (hyperechoic thickening of the tendon sheath), the latter being very specific to SSc patients. In addition, the extensor tendons tend to be more frequently affected in SSc patients as compared to the flexor tendons [76,77].



The presence of synovitis and sclerosing tenosynovitis (non-inflammatory, the reason for the TFRs) has been established as a risk factor for a progressive disease [78].



Lung US—Interstitial lung disease (ILD) is the major cause of death in SSc patients, necessitating early detection to improve the outcomes [79]. Currently, the golden standard for evaluation of ILD is high-resolution computed tomography (CT) [80]. The radiation exposure and high cost are disadvantages of this imaging modality, which is why research is focused on new imaging methods that may detect the ILD early [80]. Lung US has been proven to correlate with CT to a great extent [81,82]. The findings that are typical of ILD include the presence of B-lines and pleural line alterations [81,82]. During the last years, many researchers have described different scanning protocols for lung US, including a different number of intercostal spaces—10, 14, 58, and 72—but until now, neither of them have been accepted, and research is still ongoing to find which is the number of intercostal spaces with the best balance between sensitivity and time needed for assessment [83,84,85,86,87]. A meta-analysis by Radić et al., published in 2023, revealed that lung US has high sensitivity for the detection of ILD [88]. Another meta-analysis has proven the 14-intercostal space US protocol to be sensitive enough, as compared to the more extensive US protocols, assessing a greater number of intercostal spaces [89].




4.2. Systemic Lupus Erythematosus (SLE)


Musculoskeletal complaints are extremely common in lupus patients [90]. The disease activity indices, commonly applied in clinical practice, consider the musculoskeletal domain active only if there is presence of swollen joints during physical examination [91]. In SLE patients, subclinical joint and tendon inflammation, detected by US, is frequently reported [92]. For example, Zayat et al. detected the presence of synovitis and tenosynovitis in 27% of patients with no clinical evidence of joint or tendon inflammation [93].



In addition to the joint and tendon inflammation, entheses inflammation, detected by US, has also been found in a great percentage of lupus patients—29.2 to 71%—and has been proven to correlate with disease activity [94,95,96]. It has even been suggested that a distinct phenotype of SLE, presenting with enthesitis, more joint synovitis, less kidney involvement, and an insufficient response to treatment with anti-CD20 drugs, may be a step toward a personalized patient management in SLE [95].



The clinical significance of MSUS in SLE patients would be to improve therapeutic management. In a study by Mahmoud et al., corticosteroid treatment had led to improvement in clinical and patient-reported outcomes to a greater extent if synovitis had been detected by US [97].




4.3. Inflammatory and Non-Inflammatory Myopathies and Sarcopenia


The US of the skeletal muscles may be helpful in the diagnosis of inflammatory myopathies, with findings being different in relation to the phase of the disease—in the acute stage of myositis, the oedema in the striate muscle leads to an increase in the thickness and a more hypoechoic appearance, whereas in the chronic stage, the atrophy of the muscle and replacement of the muscle fibers with fat tissue leads to a more hyperechoic appearance as compared to a healthy muscle [98]. The US assessment of the muscles and application of a scoring system for muscle echogenicity have been proven to possess a high intra- and inter-observer reliability [99]. A systematic review by the OMERACT found different outcome US measures in myositis, including echogenicity (used in most of the published studies), muscle thickness, perimysial septal count, fascial thickness, and vascularity [100]. Strain and shear wave elastography were also used in a number of studies with variable results reported by the authors [101,102,103]. A few longitudinal studies use US to monitor the treatment response [104,105]. At the current moment, muscle US has demonstrated construct validity, but further research is warranted to prove its reliability, discriminatory ability, and to validate quantitative scoring systems for US assessment of the patients with inflammatory myopathies [99,105].



In addition to the US’s role in assessing patients with inflammatory myopathies, recent research focuses on the utility of the imaging modality to evaluate the muscle volume, thus being useful as a screening tool for sarcopenia, a common finding in patients with inflammatory joint diseases, such as RA, which has an impact on a number of clinical outcomes, for various chronic diseases [106,107,108].



Besides the role of US in the diagnostic work-up of inflammatory myopathies, a number of non-inflammatory muscle diseases, including neuromuscular pathology, have been an area of research focusing on the potential utility of US in two domains: (1) screening for congenital and acquired neuro-muscular diseases (namely Pompe disease, spinal muscular atrophy, Duchenne muscular dystrophy, congenital myotonias, amyotrophic lateral sclerosis, etc.); (2) for monitoring disease course and treatment efficacy in both [109,110,111,112].




4.4. US in Primary Sjogren Syndrome (pSS)


The US of the major salivary glands is currently the imaging modality of choice in patients with primary Sjogren syndrome (pSS) [113]. The semi-quantitative US score, developed by the OMERACT, has been proven to possess very high inter- and intra-observer reliability, regardless of the years of experience with US of the performing physician [114,115]. Furthermore, when US of the major salivary glands is included in the classification criteria, their sensitivity has been found to increase [116,117]. In addition to the establishment of a diagnosis of pSS, US of the salivary glands may be used to differentiate pSS from other conditions that affect the parotid and submandibular glands. Two US patterns may be defined: a diffuse and a focal one. In addition to pSS, IgG4-related disease, amyloidosis, sarcoidosis, hepatitis ‘’C’’ and HIV infections, and prior radiation exposure of the head and neck may lead to a diffuse US pattern of inhomogenuity of the major salivary glands [118,119,120]. A focal US pattern of the parotid or submandibular gland should raise the suspicion for a neoplastic lesion, namely lymphoma, considering that pSS is the rheumatic disease with the highest risk for the development of lymphoproliferative disorders, especially non-Hodgkin B-cell lymphoma (NHL), of which mucosa-associated lymphoid tissue-NHL is the most common one [121,122]. A grade of 3 according to the OMERACT scoring of the major salivary glands and several suspicious for lymphoma US characteristics of the focal lesions have been proven to be alarming for a transition to a lymphoma and the need to perform a core-needle biopsy (CNB): an oval shape, well-demarcated margins, very hypoechoic echotexture, inner septa, increased vascularization with an intense color Doppler signal, and the presence of posterior acoustic enhancement [123]. Please see Figure 8. Besides lymphoma, US can visualize other focal lesions in the parotid and submandibular glands, for example, Warthin tumors and pleomorphic adenomas [124].



The US can guide CNB of the salivary glands, during which a tissue sample is obtained, enabling immunohistochemical staining and performing of flow cytometry, two methods that are crucial in case there is a suspicion of a lymphoma [125,126]. CNB is considered a safe procedure with a minimal risk of complications, namely facial nerve damage, as compared to the open biopsy, and at the same time, possesses the same diagnostic accuracy [126].



The US of the salivary glands in pSS may be used as an imaging biomarker to monitor disease activity and the response to therapy [127,128]. A few published studies evaluate the efficacy of biologic treatment for pSS by assessing the change of a US score of the major salivary glands [127,128].



In addition to the classical US, elastography (strain, shear wave, and acoustic radiation force impulse—ARFI) has been recently investigated as an imaging tool that can complement the standard US assessment of the salivary glands to diagnose more accurately pSS by increasing the sensitivity and specificity of the method [129,130]. An observational study, performed by Bădărînză et al., found that the higher stiffness of the NHL, assessed by shear wave elastography, can provide an added diagnostic value to the standard US of the salivary glands when there is a suspicion for NHL [131].





5. US in Polymyalgia Rheumatica and Systemic Vasculitides


5.1. Polymyalgia Rheumatica (PMR)


The valuable role of US in polymyalgia rheumatica (PMR) is highlighted by its inclusion in the 2012 ACR/EULAR classification criteria [132]. A systematic review points out that subacromial-subdeltoid bursitis is the most helpful US lesion for the establishment of the diagnosis of PMR. Other typical US findings in PMR include tenosynovitis of the long head of the biceps tendon, glenohumeral synovitis, trochanteric bursitis, and hip joint synovitis [133].



Another interesting pathological finding common in PMR patients that can be easily detected by US is cervical or lumbar interspinous bursitis [134,135]. An interesting study, conducted by Conticini et al., revealed that baseline US findings in PMR may predict a change in the diagnosis after 12 months [136]. The baseline US lesions that were most predictive of persistence of the initial PMR diagnosis were bilateral subacromial-subdeltoid (SASD) bursitis and biceps tenosynovitis [137].



According to the EULAR recommendations for management of PMR patients, before the initiation of corticosteroid treatment, an alternative diagnosis, mimicking PMR, should be excluded [137]. The US can be extremely helpful in the differential diagnosis [138]. Considering that elderly-onset RA is the first diagnosis to exclude, and what is known that RA presents mostly with synovial hypertrophy, whereas PMR presents with predominant effusion, a study reveals that US evidence of a high-grade (second or third in a semi-quantitative score from 0 to 3) proliferative SASD is suggestive of elderly-onset RA [139]. In another study, the US evaluation of the acromio-clavicular joint has been proven to be helpful in the differential diagnosis of PMR in patients presenting with polymyalgic syndrome, because synovitis of this joint, together with the detection of intra-articular hyperechoic deposits, has helped to establish a diagnosis of CPPD [140].




5.2. Vasculitides


The US is helpful in the assessment of large-vessel vasculitides, namely giant-cell arteritis (GCA) and Takayasu arteritis (TAK) [141]. The US signs of vascular inflammation are part of the imaging domain in the 2022 ACR/EULAR classification criteria for GCA and TAK, and in GCA, US evidence of vasculitis adds five points, having the same weight as histology [142,143].



Furthermore, the latest EULAR recommendations, recently published, highlight the crucial role of US in the diagnostic algorithm of GCA and TAK, stating that US assessment of the temporal and axillary arteries is the first imaging method that should be used in the former, and an alternative to MRI in the latter [144]. Thanks to the growing body of evidence, US replaces the golden standard for diagnosis of GCA, namely temporal artery biopsy [120]. In a patient, in whom there is suspicion of GCA, the arteries that need to be scanned by US are the right and left common superficial temporal artery with its two branches (the parietal and the frontal) and the axillary artery [145].



When performing vascular US, it is very important to consider the potential pitfalls, namely the following: (1) a non-sufficient Doppler signal in case the Doppler window is not angulated; (2) an inappropriately high gain, leading to underestimation of the ‘halo sign’; (3) gain is too low, leading to the ‘pseudohalo sign’; (4) atherosclerosis, having impact on the measurement of intima–media thickness, is quite a common pitfall, considering the age of the patients with suspected GCA. The plaques that form atherosclerosis are rather hyperechoic, asymmetric, and rarely affect the temporal arteries, but still should not be overlooked [146].



An important role of US is to screen for vascular inflammation in PMR patients. More than a fifth of PMR patients have a positive halo sign, meaning that they have a subclinical GCA [147]. The clinical implication of this data is that a PMR patient showing signs of GCA from the US assessment may need to be treated as if he has a classical GCA, meaning there is a need to start with a higher corticosteroid dosage [147]. In line with that, even though there are still not enough data to recommend that all PMR patients need to have a vascular US to detect subclinical GCA, some preliminary data suggest that rheumatologists should be educated to perform vascular US to better manage PMR patients [147].



In addition to the role of US for the diagnosis of vasculitides, some evidence exists suggesting that it may be a tool to monitor disease activity and response to therapy, because intima–media thickness correlates with disease activity [148,149]. The OMERACT group has created a global score, based on the IMT values, that has been proven to be reliable [148]. Nielsen at al. have tested the sensitivity to change of different US vascular scores and have found that all of them can be used to monitor treatment efficacy, highlighting one of the scores as being a potential outcome measure in trials evaluating the efficacy of different drugs [149].





6. US for Assessment of Peripheral Nerves


The specific pattern of nerve appearance on a transverse scan—fascicular (honey-comb like appearance)—as compared to tendon appearance, which has a fibrillar pattern, in addition to the fact that tendons exhibit anisotropy when the US beam is not perpendicular to the tendon fibers, contributes to the US’s ability to easily differentiate a tendon from a nerve [150].



The US is able to visualize both the changes in the appearance of the compressed peripheral nerve, to provide information regarding the etiology of the entrapment, as well as to guide the needle placement in a number of therapeutic procedures [151]. The US has been proven to be extremely useful in the diagnostic assessment of entrapment syndromes, the most common of which for the upper limb being the median nerve in the carpal tunnel and the ulnar nerve in the Guyon’s canal, and for the lower limb, the posterior tibial nerve entrapment in the tarsal tunnel and the common peroneal nerve as it courses near the neck of the fibula [152]. The US criteria for nerve entrapment have already been published [153,154].




7. US for Guiding the Needle in Invasive Procedures


As compared to blind injections, US-guided invasive procedures in rheumatology have been proven to pose greater accuracy, efficacy, and safety [155]. According to the EULAR recommendations for intra-articular therapies, US may be used to guide needle placement to improve the accuracy of the procedure [156]. The European Society of Musculoskeletal Radiology (ESSR) has outlined the clinical indications for the image-guided (with US having a central role) invasive procedures for each of the joints of the upper and lower limb, as well as for the peripheral nerves [157,158,159,160,161,162].



A systematic review found that US-guided gleno-humeral joint injection was accurate in 92.5% of cases versus 72.5% for the blind injection [163]. Regarding the lower limb joints, a study has found that the accuracy of blinded hip joint injections depends on the radiological grade of the hip osteoarthritis (OA). In grade II, according to Kellgren–Lawrence grading, the reported accuracy of blind hip joint injections is 74%, dropping to 61.3% in grade III hip OA [164]. Regarding the knee, the accuracy of the blind injections depends on the approach—from 77.3% in the midpatellar approach to 95.74% in the superolateral approach, as compared to the US-guided knee joint injections, being successful in more than 95% of cases [165].



Nevertheless, the majority of published studies prove the greater accuracy of US-guided versus blind injections in articular and periarticular pathology, and a systematic analysis failed to prove that the former are superior in terms of patient outcomes [166,167,168].



There is a growing body of evidence not only for the role of US in joint procedures, but also for fascia hydrorelease, and injection of a number of peri-articular structures, including entheses, bursae, tendon sheaths, and nerves [169,170].




8. Artificial Intelligence in Rheumatology


During the past 10 years, artificial intelligence (AI)-based assessment of US lesions and computer-aided diagnosis have been extensively studied in order to overcome the limitations of MSUS imaging, namely reliability and inter-observer variability.



One of the potential implementations of AI in MSUS is for scoring synovitis, thus reducing the inter- and intra-observer variability. The most important barrier to overcome, however, is to discriminate the synovial hypertrophy from the peri-articular tissue, including bony landmarks, and skin layers, in cases of heterogenous echogenicity [171]. Deep learning (DL) has been used for synovitis grading by utilizing a connectivity algorithm for the segmentation of the bone region [172]. Neural network technology has been proven to be helpful in the assessment of disease activity on PD US images according to the OMERACT-EULAR Synovitis Scoring system [173].



DL-based segmentation has been successfully used to find the location of a number of peripheral nerves (median, radial, ulnar, etc.) to assist in performing various nerve blocks [174,175].



AI has even been used to determine cartilage thickness in knee osteoarthritis [176].



The growing body of evidence regarding DL and AI use in US imaging in rheumatology will become the basis for decreasing the variability and increasing the reliability of MSUS [177].




9. Conclusions


The technological advances, the increasing availability of high-end US machines, and the growing number of organized US courses for continuing the education of rheumatologists have contributed to the growing body of evidence regarding the utility of US in daily rheumatology practice, outlining the advantages of the imaging modality in the management of patients with all types of rheumatic diseases—from the inflammatory arthropathies, degenerative and metabolic joint diseases, to the connective tissue diseases and systemic vasculitides. Now, the US is being extensively used in rheumatology not only for assessment of joints and peri-articular tissues, but also for evaluation of the skin, lung, vessels, muscles, and nerves, both for diagnostic purposes and for guiding needle placement in a number of invasive procedures. The recent advances of AI in US imaging will open new horizons in the field of US in the near future.
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Figure 1. Synovitis. (A) A dorsal longitudinal scan of the wrist joint on Gray Scale Ultrasound (GSUS) in an RA patient—Grade 3 synovitis of the radiocarpal and intercarpal joints; (B) a dorsal longitudinal scan of the wrist joint on Power Doppler Ultrasound (PDUS) in an RA patient—Grade 2 synovitis; (C) a dorsal longitudinal scan of the second metacarpophalangeal (MCP) joint on PDUS in an RA patient—Grade 3 synovitis; (D) a dorsal longitudinal scan of the third proximal interphalangeal (PIP) joint on PDUS in an RA patient—Grade 3 synovitis; (E) a dorsal longitudinal scan of the first metatarsophalangeal (MTP) joint on GSUS—effusion and grade 3 synovitis. 
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Figure 2. Paratenonitis—inflammation of the finger extensor tendon on PDUS. A dorsal longitudinal scan of the third PIP joint in a PsA patient. 
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Figure 3. Tenosynovitis. (A) Finger flexor tenosynovitis—a palmar longitudinal scan of the second PIP joint in a PsA patient—Grade 3 tenosynovitis of the finger flexor tendon on PDUS; (B) tenosynovitis of the VI extensor compartment of the wrist—extensor carpi ulnaris tedon—in an RA patient—ulnar longitudinal scan—grade 2 tenosynovitis on PDUS; (C) tenosynovitis of the VI extensor compartment of the wrist—extensor carpi ulnaris in an RA patient—ulnar transverse scan—grade 2 tenosynovitis on PDUS. 
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Figure 4. Enthesitis. (A) Enthesitis of the enthesis of the Achilles tendon on the calcaneus in a patient with ankylosing spondylitis. A thickened hypoechoic enthesis, with loss of the normal fibrillar pattern, calcifications, enthesophytes, exhibiting a PD signal; (B) enthesitis of the common extensor tendon enthesis on the lateral epicondyle of the humerus—thickened and hypoechoic enthesis, loss of the normal fibrillar pattern, exhibiting a PD signal. 
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Figure 5. A Baker’s cyst (semimembranosus-gastrocnemius bursa) of the knee joint—a posterior longitudinal scan of the medial tibio-femoral joint space shows a cyst with a heterogenous predominantly anechoic internal structure. 






Figure 5. A Baker’s cyst (semimembranosus-gastrocnemius bursa) of the knee joint—a posterior longitudinal scan of the medial tibio-femoral joint space shows a cyst with a heterogenous predominantly anechoic internal structure.



[image: Life 14 01208 g005]







[image: Life 14 01208 g006] 





Figure 6. Double-contour sign (DCS) in a gout patient. (A) A dorsal longitudinal scan of the second MCP joint in a gout patient. Grade 3 synovitis and DCS of the hyaline cartilage of the metacarpal head; (B) a plantar longitudinal scan of the second MTP joint in a gout patient. DCS of the hyaline cartilage of the metatarsal head. 
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Figure 7. Calcium pyrophosphate deposition disease (CPPD). (A) A posterior longitudinal scan of the tibio-femoral joint in a CPPD patient. A linear hyperechoic calcification within the femoral hyaline cartilage. (B) A posterior transverse scan of the tibio-femoral joint in a CPPD patient. A linear hyperechoic calcification within the femoral hyaline cartilage. (C) A posterior scan of the gleno-humeral joint in a CPPD patient. A hyperechoic calcification (between the cursors) in the fibrocartilage of the labrum. 
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Figure 8. Lymphoma of the parotid gland in a patient with Sjogren Syndrome. (A) Parotid gland lymphoma on GSUS—a mass with a heterogenous internal structure, a lobulated appearance, and irregular, poorly defined borders; (B) parotid gland lymphoma on PDUS. 
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