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Abstract

:

The interest and application of musculoskeletal ultrasound (MSUS) in juvenile idiopathic arthritis (JIA) are increasing. Numerous studies have shown that MSUS is more sensitive than clinical examination for detecting subclinical synovitis. MSUS is a well-accepted tool, easily accessible and non-irradiating. Therefore, it is a useful technique throughout JIA management. In the diagnostic work-up, MSUS allows for better characterizing the inflammatory involvement. It helps to define the disease extension, improving the classification of patients into JIA subtypes. Moreover, it is an essential tool for guiding intra-articular and peritendinous procedures. Finally, during the follow-up, in detecting subclinical disease activity, MSUS can be helpful in therapeutic decision-making. Because of several peculiarities related to the growing skeleton, the MSUS standards defined for adults do not apply to children. During the last decade, many teams have made large efforts to define normal and pathological US features in children in different age groups, which should be considered during the US examination. This review describes the specificities of MSUS in children, its applications in clinical practice, and its integration into the new JIA treat-to-target therapeutic approach.
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1. Introduction


Juvenile idiopathic arthritis (JIA) is the most common chronic rheumatic disease in childhood, with an estimated prevalence of 3.8 to 400 per 100,000 children [1]. It includes a heterogeneous group of inflammatory arthritis of unknown etiology with a minimum duration of 6 weeks and onset before the age of 16. According to current International League of Associations for Rheumatology (ILAR) criteria, JIA is classified into 7 subtypes based on the number of joints involved, the presence or absence of extra-articular involvement, and the involvement of additional biological markers, such as an anti-nuclear antibody, rheumatoid factors, and HLA–B27 [2]. All subtypes are characterized by chronic synovitis, leading, if not adequately recognized and treated, to significant structural joint changes and functional disability. Despite advances in the knowledge of clinical features of JIA, the diagnostic delay is still long [3]. Nevertheless, early diagnosis and definition of the JIA subtype are crucial to initiating an appropriate and prompt treatment: the longer the delay in diagnosis, the more active the disease remains, with the risk of poor long-term outcomes [4].



Musculoskeletal US (MSUS) is a validated and reproducible tool for the diagnosis and follow-up of adults with chronic rheumatic diseases [5,6,7,8]. Its interest and applications as a key diagnostic and monitoring tool in pediatric rheumatology are also increasing [9,10,11]. Indeed, it is a well-accepted, easily accessible, non-irradiating, and inexpensive imaging technique that allows for performing a dynamic examination of several joints during the same session (Table 1). MSUS is particularly suitable for young children, who often need sedation for long imaging examinations such as MRI, which, unlike US, requires immobility.



MSUS is a useful tool at different stages in the management of JIA. In the diagnostic work-up, still based on clinical examination, MSUS allows for confirming the diagnosis in case of doubt and better characterizing the inflammatory involvement of the joint structures, ultimately helping to define the disease extension. It is an essential tool in guiding intra-articular and peritendinous procedures. Finally, during follow-up, because US is more sensitive than clinical examination for detecting subclinical synovitis, its results are helpful in therapeutic decision-making. It is also more sensitive than conventional radiography in the early detection of structural damage. High-resolution ultrasound (US) devices have been recently developed, improving the resolution of B-mode and Doppler mode images, thus encouraging the use of MSUS in clinical practice.




2. Pediatric Population US Features


As for its increased use in adult rheumatoid arthritis, the use of MSUS in pediatric rheumatology has widely expanded over the past 15 years. Nevertheless, because of several features related to the growing skeleton of children, the adult US definitions and scoring systems do not apply to pediatric patients. The main differences between adult and pediatric US features are the increased ratio of cartilage to bone, the physiological cartilage vascularization, and the presence of ossification centers and growth plates (Figure 1). In fact, children have thicker cartilage than adults, which becomes progressively thinner during growth [12]. Cartilage thickness differs according to gender, with boys showing thicker cartilage than girls. Reference measures of cartilage thickness according to gender and age have been described [13,14,15]. Because of the abundance of cartilage in young children, discriminating between synovial inflammation and the contiguous unossified cartilage is challenging, both having a hypoechoic appearance. Dynamic US examination allows for accurately distinguishing pathological findings from physiological cartilage, which is not compressible during joint movement or transducer pressure.



The articular surfaces aspect is physiologically irregular owing to the presence of the ossification centers, and distinguishing between the physiological appearance and pathological cortical irregularities or erosions might be difficult (Figure 1c).



Another pediatric feature is the presence of feeding vessels within the growth plates, particularly in the epiphyseal cartilages, which is common in young children and progressively disappears with growth [13]. This physiological vascularization may be misinterpreted as a pathological Doppler signal corresponding to active synovitis (Figure 2).



Concerning entheses, defined as the area where tendons, ligaments, and joint capsules are inserted into the bone, children show the same fibrillar structure as adults. In contrast to cartilage, enthesis thickness progressively increases during growth [16,17].



Therefore, owing to these distinctive pediatric features and to support the growing role and use of MSUS in pediatric rheumatology, normative data and international consensus for the MSUS definitions and scanning techniques in healthy children were needed. The OMERACT pediatric US task force first proposed a set of consensus-based definitions concerning the normal joint components in healthy children using B-mode and Doppler mode [16,18,19]. It also proposed a standardized MSUS protocol describing the correct patient and probe position for examining the knee, ankle, wrist, and metacarpophalangeal (MCP) 2 joint [18]. Of note, other studies have described age-related standard measures of the hip, knee, wrist, elbow, and shoulder [20,21,22,23,24]. Furthermore, other authors focused on pediatric entheses, especially in lower limbs, describing the MSUS procedure, the structural components, and the physiological vascularization of the entheses according to different age groups [17,25,26].



For the best resolution and because of the smaller size of joints, the use of a high-frequency linear transducer is recommended in children (up to 22 MHz for superficial and small joints). However, according to the size and depth of different joints, the frequency should be lowered, especially in older children. Moreover, to improve MSUS examination, one must achieve adequate contact with the transducer. Therefore, especially for regions with small sizes and/or curved contours (e.g., ankle in a young child), one should use an abundant amount of gel. Finally, the exam must be performed under optimal conditions, with children being distracted and feeling comfortable.



Recent studies provided definitions and scoring systems of synovitis in children according to the extent of inflammation (Figure 2) [27,28]. For instance, today, a positive Doppler signal is not considered mandatory for diagnosing synovitis in children. Only the presence of positive Doppler signals within the synovial hypertrophy is considered a pathological finding suggesting synovitis. Thus, synovitis is defined as the combination of B-mode findings (synovial effusion and/or synovial hypertrophy) with or without Doppler signals (Figure 3). Concerning B-mode findings, synovial effusion is defined as an abnormal intra-articular fluid that is anechoic or hypoechoic and is displaceable and synovial hypertrophy as an intra-articular material that is hypoechoic and non-displaceable.



Concerning Doppler mode, power or color Doppler can be used, with the recommended following setting: pulse repetition frequency (PRF) range from 500 to 750 Hz depending on the examined joint and used device; gain set just below the level of appearance of color noise below the cortical bone surface, low-wall filters. Doppler scoring is defined differently in children than in adults [28]. Grade 1 is defined by the detection of up to 3 single Doppler signals within the area of synovial hypertrophy (Figure 3). Grades 2 and 3 are defined by the detection of Doppler signals within ±30% of the area of synovial hypertrophy (Figure 4).



According to these findings, an atlas including an acquisition protocol for the main joints involved in JIA was recently developed [29]. Moreover, to address the peculiarities and limitations of MSUS in children, pediatric-specific courses have been recently proposed by the Pediatric Rheumatology European Society (PReS) and the European League Against Rheumatism (EULAR).



To date, consensus definitions of tenosynovitis and enthesitis in children are still lacking; therefore, current definitions validated in adults are still applied to children [30,31]. Efforts to delineate pediatric definitions of tenosynovitis and enthesitis are in progress (Figure 5 and Figure 6) [32,33].



Finally, the reliability of US in detecting inflammatory lesions has been evaluated in several studies with good results, encouraging the application of these definitions and scoring systems in clinical practice [13,29,34,35].




3. Applications in Clinical Practice


3.1. Diagnosis


MSUS plays a key role in the diagnostic work-up of JIA. It is more sensitive in detecting articular inflammation than clinical examination alone [36,37,38,39]. In particular, the superiority of US for detecting synovitis compared to clinical examination has been demonstrated for certain joints, such as the ankle [40,41,42]. MSUS is also an important diagnostic tool in atypical clinical presentations, especially in young children who are often difficult to examine and do not express pain well. MSUS can also be helpful in patients with severe arthralgia. Indeed, some patients are in so much pain that they cannot be mobilized, thus impairing an adequate clinical examination. MSUS can then be used to assess the painful joints.



Moreover, MSUS is useful in characterizing the articular structures involved in inflammation, thus distinguishing between synovitis, tenosynovitis, or enthesitis [43]. US overall examination, including extra-articular compartments (bursae and tendons), is recommended. MSUS may explain up to 44.4% of positive clinical examinations without real joint involvement of the wrist and ankle [44].



Owing to its ability to detect subclinical synovitis, performing a US examination of several joints at the time of diagnosis allows for assessing the correct extension of JIA (e.g., number of joints involved), improving the baseline classification and, consequently, the therapeutic management.



MSUS is also a good tool for detecting enthesis abnormalities. The most commonly involved entheses on US examination in children with JIA are the Achilles tendon, quadricipital tendon, and distal insertion of the patellar ligament [45,46,47]. Clinically, enthesitis in children is generally investigated and detected by palpating a painful enthesis [2]. Early studies in children with enthesitis-related arthritis showed a poor correlation between clinical and MSUS examination; the latter was more sensitive and specific for detecting enthesitis. Nevertheless, a correlation was found between the presence of high-grade Doppler activity and clinical enthesitis [45,46,47]. As a reminder, at present, consensual definitions of enthesitis in children are still lacking.



As previously mentioned, MSUS allows for detecting and characterizing tenosynovitis. Tenosynovitis is not a pathognomonic feature of JIA and may be associated with other inflammatory diseases. For instance, a diagnosis of sarcoidosis, even at an early stage (e.g., Blau syndrome), can be evoked by the presence of a joint swelling on clinical examination, which corresponds to tenosynovitis on MSUS examination in most children [48]. Likewise, in adults with sarcoidosis, arthritis is often associated with tenosynovitis [49].



Also, the combination of synovitis and tenosynovitis (often subclinical), especially in adults, is a common presentation of systemic lupus erythematosus, so MSUS has a key role in the diagnostic confirmation [50,51].



Finally, US, combined with other imaging techniques, such as radiography and MRI, can be useful in the differential diagnosis, helping to distinguish JIA from arthritis of infectious origin, trauma, or chronic pain syndromes.




3.2. Treatment


Intra-articular corticosteroid injections (IACIs) are a widespread and validated treatment in JIA [52]. IACIs have historically been performed without MSUS guidance, referring only to the palpation of swollen joints and anatomical landmarks. However, owing to the potential side effects, such as subcutaneous atrophy and skin hypopigmentation, as well as the risk of procedure failure, increasing the precision of IACIs is crucial to improving effectiveness and safety. Because MSUS allows for real-time guidance of the needle and better control of the corticosteroid injection, US guidance of IACIs has been largely used in adult rheumatology but is now spreading to JIA.



Some deep or small joints are sometimes difficult to access with palpation alone and may be challenging to treat. This is the case for the midfoot, wrist, subtalar, and hip joints. Infiltration protocols have been established to improve the precision of IACIs in children [53,54,55].



The use of MSUS guidance is particularly recommended during the injection of tenosynovitis or synovial cysts. The MSUS precision allows for reaching and injecting corticosteroids into the peritendinous sheet, thus avoiding the potential rupture of the tendon deriving from an erroneous direct tendon injection. Of note, these injection techniques should be performed by US-trained physicians.




3.3. Follow-Up


As previously discussed, MSUS is more sensitive than clinical examination for detecting subclinical synovitis. However, to detect subclinical synovitis, one must perform an extended MSUS examination, which may be difficult in young children because of their poor compliance during long examinations. Thus, some authors focused on developing a minimal US joint assessment that can make the examination feasible while accurately detecting subclinical synovitis. Collado et al. showed a limited screening of 10 joints, including knees, ankles, wrists, elbows, and MCP 2 joints, correlated with the examination of 44 joints during the follow-up of JIA with at least 4 active joints [56]. Another study including polyarticular patients also suggested a reduced US joint score (MUSICAL score) based on 10 joints (knees, wrists, MCP joints 2 and 3, and ankles) [57]. We believe that a 10-joint US examination is feasible in routine practice. Nevertheless, these scores have not been validated in different JIA subtypes. Finally, a multicenter longitudinal study currently ongoing is evaluating the sensitivity and predictive value of a multi-biomarker panel, including clinical examination, ultrasound of 44 joints, and inflammatory biomarkers. It aims to establish a core set of minimally representative joint counts necessary to be assessed in everyday clinical practice [58].



During routine follow-ups of patients in clinical remission, the detection of subclinical US abnormalities has been suggested to be associated with a significant risk of relapse, especially in the case of positive Doppler signals [59,60]. Thus, identifying prognostic MSUS factors in JIA in clinical remission could play a key role in therapeutic management, leading to the continuation/intensification of the disease-modifying therapy in patients with sonographic abnormalities or, conversely, the discontinuation/reduction of therapy in patients without sonographic abnormalities.



Nevertheless, a study of adults with rheumatoid arthritis and a systematic MSUS follow-up over 2 years found no significant difference in clinical remission, radiographic progression, or quality of life compared to patients who were solely followed with clinical examination [61]. Finally, 2 other pediatric studies did not find any predictive value of MSUS on flares in patients in clinical remission [62,63]. Further studies are needed to validate the prognostic value of MSUS on the medium- to long-term outcome of JIA and the pertinence of systematic US follow-up combined with clinical examination. The use of the new pediatric definitions and scoring system in future studies will allow for standardizing the protocols by the use of shared outcome measures.



In recent years, the treat-to-target approach has spread in JIA management to achieve inactive disease as rapidly as possible and reduce the long-term consequences [64]. To date, clinical remission is defined according to Wallace criteria and/or the Juvenile Arthritis Disease Activity Score, which combines clinical and biological findings and parent/patient well-being. The response to disease-modifying anti-rheumatic drugs (biological or conventional) is generally assessed 3 months after their introduction, which is the minimum estimated time for seeing clinical and biological improvements [65]. However, owing to the high sensitivity of MSUS in revealing subclinical changes in joint structures, many studies of adults have reported the efficacy of MSUS in revealing early signs of therapeutic success [66]. Some studies of adults have shown that MSUS subclinical synovitis is correlated with interleukin 6 and S100 serum levels [67], the latter currently recognized as a new biomarker of disease activity and treatment response in JIA [68,69]. MSUS assessment in JIA patients at 4 weeks after IACI showed a reduction in synovial inflammation [70]. However, the presence itself of a residual synovitis also resulted in an increased risk of disease flare [59]. These results suggest that MSUS may be included in the treat-to-target approach in JIA, especially focusing on MSUS remission as a new treatment target. Indeed, if MSUS findings still favor disease activity 3 months after treatment introduction, a change in therapy could be considered for better long-term outcomes [71].



US follow-up of patients with JIA may also be useful for detecting structural damage. Conventional radiography is still recommended to identify erosions, especially in peripheral joints in patients with polyarticular JIA and a positive rheumatoid factor [72,73,74]. Nevertheless, it shows erosive changes late in the disease course, and repeating this examination increases the risk of radiation exposure. MSUS, with its ability to evaluate the joint in several planes, is a valuable tool for detecting erosions, with good inter- and intra-observer reproducibility [34]. However, assessment of bone changes in the growing skeleton can be challenging, especially in young children, because of physiological irregularities related to secondary ossification centers. Moreover, MSUS is not superior to conventional radiographs for detecting erosions in the wrist of JIA patients [75]. MRI seems more sensitive than US and conventional radiography for detecting structural lesions in JIA, especially when the diagnosis is recent.



Although its role in detecting bone erosions is still debated, MSUS has value in detecting cartilage damage, according to several studies. Indeed, in comparison to healthy controls, patients with JIA show decreased cartilage thickness, which may be an early sign of structural damage [76]. A recent study found thicker cartilage in unaffected than affected joints in JIA patients, suggesting that inflammation influences cartilage thickness [77]. Notably, cartilage is thinner in polyarticular and systemic JIA than in oligoarticular JIA.





4. Conclusions


The role of MSUS in JIA is definitely growing. To correctly interpret MSUS results and avoid misdiagnosis, knowledge of the particular sonographic features in children is still mandatory.



MSUS represents a key tool for confirming JIA, better classifying JIA subtypes, and characterizing articular and peri-articular inflammation. Intra-articular and peri-tendinous injections can be guided by MSUS, improving the accuracy of procedures and treatment efficacy. During JIA monitoring, the evaluation of treatment response by MSUS allows for detecting subclinical inflammation, which suggests a role for MSUS in the modern treat-to-target approach. Nevertheless, the type and number of joints to be routinely examined in clinical practice for accurately evaluating subclinical synovitis are still being evaluated.



MSUS may have a potential role in evaluating early damage, but the role of MRI should not be overlooked, especially for detecting bone erosions in recent-onset diseases. Further studies are needed to establish the predictive value of MSUS for clinical flare and overall long-term outcomes. Finally, data are needed to evaluate the value of MSUS as an outcome measure in clinical trials of ongoing and new therapies in patients with JIA.
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Figure 1. Pediatric ultrasound peculiarities. Increased ratio of cartilage to bone (a) and physiological cartilage vascularization (b) in a 6-year-old girl. (c) Physiological irregularity of calcaneus bone surface owing to the presence of ossification centers in a 10-year-old boy. C: cartilage; Tt: tibial tuberosity; Ca: calcaneus; T: tendon; F: fat. 
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Figure 2. Synovitis of the knee joint in a 12-year-old girl with polyarticular juvenile idiopathic arthritis. (a) Longitudinal suprapatellar scan showing synovitis in the suprapatellar recess on B-mode (grade 2). (b) Physiological aspect of the contralateral joint on B-mode. (c) Transverse lateral parapatellar scan showing pathological vascularization (power Doppler grade 1). (d) Longitudinal suprapatellar scan showing vascularization outside the synovial hypertrophy (power Doppler grade 0). Note that the transverse scan is more sensitive for detecting pathological vascularisation inside synovitis than the longitudinal scan [18]. P: patella; T: tendon; F: femur; *: Synovitis; white arrow: small physiological amount of intra-articular fluid; Red arrows: physiological vascularization. 
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Figure 3. Longitudinal anterior scan of the tibiotalar joint in a 7-year-old with oligoarticular JIA; (a,b) Severe synovitis (B-mode grade 3) with minimal Doppler activity (grade 1). (c) Physiological aspect of the contralateral joint. C: cartilage; T: tibia; TA: talus; F: fat; * Synovitis. 
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Figure 4. Longitudinal dorsal scan of one metatarsophalangeal joint in a 13-year-old boy with enthesitis-related arthritis. (a,b) Severe synovitis (B-mode grade 3) with moderate power Doppler activity (<30% of the synovial hypertrophy surface, grade 2). (c) Physiological aspect of the contra-lateral joint. C: cartilage; M: metatarsal; P: proximal phalanx; T: tendon; * Synovitis. 
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Figure 5. (a,b) Enthesitis of the distal patellar ligament in a 14-year-old boy with juvenile enthesitis-related arthritis. Longitudinal scan of the distal patellar ligament showing bilateral enthesitis. PT: patellar tendon; TT: tibial tuberosity; white arrow: secondary ossification center, incompletely ossified tibia. 
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Figure 6. (a,b). Tenosynovitis of the extensor digitorum and extensor carpi radialis tendons in a 12-year-old girl with JIA. (a) Transverse scan showing tenosynovitis on B-mode; (b) longitudinal scan showing abnormal vascularization on power Doppler mode. Performing the longitudinal scan (B-mode/Doppler mode) is mandatory to confirm the diagnosis of tenosynovitis. ED: extensor digitorum tendon; ER: extensor carpi radialis tendon; (c,d). Tenosynovitis of the tibialis poster tendon in an 8-year-old girl with JIA. Transverse scan of the medial compartment showing tenosynovitis. 
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Table 1. Advantages, limitations, and peculiarities of musculoskeletal ultrasound in children with juvenile idiopathic arthritis.
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	Advantages
	Limitations
	Pediatric Peculiarities





	
	
Non-invasive (no need for sedation/contrast)





	
	
Operator and equipment dependency





	
	
Adaptation of probe frequency (usually high) according to age and size








	
	
Non-irradiating





	
	
Risk of misinterpretation of artefacts





	
	
Optimal comfort conditions to obtain children’s compliance








	
	
Repeatable





	
	
Acoustic shadowing from overlying bones





	
	
Increased cartilage/bone ratio, age, and sex-related cartilage thickness








	
	
Relatively inexpensive





	
	
Limited field of view (no access to whole joint space)





	
	
Presence of ossification centers and growth plates (irregular bone surfaces)








	
	
Bedside





	
	
Difficult to perform in case of severe joint limitation





	
	
Changes of US aspects with age








	
	
Short examination time (according to the number of joints assessed)





	
	
	
Physiological cartilage vascularization








	
	
High patient acceptability





	
	



	
	
Dynamic examination





	
	



	
	
Multiple simultaneous joints examinations, comparison with contralateral joint





	
	
No pediatric-specific validated protocols (number and type of joints)





	



	
	
High-sensitivity for subclinical synovitis/enthesitis





	
	
No consensual definitions of enthesitis and tenosynovitis





	
	
Specific definition of synovitis (Doppler non-essential, pathological only if within synovial hypertrophy)








	
	
High-resolution soft tissue imaging (detection of inflammation of articular and peri-articular structures)





	
	
No validated predictive values of risk of flare





	
	
Specific Doppler scoring system








	
	
Early detection of structural damage (especially cartilage involvement)





	
	
Poor value in TMJ and axial skeleton assessment





	



	
	
Ability to guide procedures





	
	
Need for long and specific operator training in pediatric patients



	
Specific pediatric US courses not available in all Countries





	







US: ultrasound; TMJ: temporomandibular joint.
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