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Musculoskeletal ultrasound in children: Current state 
and future directions

Introduction
Juvenile idiopathic arthritis (JIA) is a heterogeneous group of arthritides of unknown etiology persisting >6 
weeks with an age of onset of <16 years. The estimated prevalence of JIA is 0.6-1.9 in 1000 children (1). In child-
hood inflammatory arthropathies, such as JIA, conventional methods of assessing disease presence and activity 
(e.g., X-ray or physical examination) cannot objectively evaluate the synovium, tendon, or enthesis of a growing 
skeleton in an accurate manner (2). The infiltration of inflammatory cells into the synovium augments proinflam-
matory cytokines and ultimately the formation of a pannus, in turn contributing to significant joint deformity 
and morbidity in JIA (3). Effusion and synovial thickening are often present even in clinically silent disease (4-6).

In adults, musculoskeletal ultrasound (MSUS) has become an essential tool for timely diagnosis, monitoring 
response to treatment, and providing guidance for interventional procedures (7). High-resolution ultrasonog-
raphy is particularly well suited for the evaluation of musculoskeletal disorders in the immature skeleton in 
which there is an increased ratio of cartilage to bone. MSUS not only allows the examiner to readily distinguish 
cartilage, soft tissue, and bone but also demonstrates changes in structural relationships that occur with mo-
tion and more favorably permits the comparison of a region in different planes and to the normal contralateral 
side. Importantly, MSUS is a safe, non-invasive, cost-effective, and widely available method that allows bed-
side evaluation real-time. Patient and family involvement in the decision-making process has recently been 
recognized as one of the overarching principles when treating JIA. US has the potential to help inform and 
educate children and parents about the presence of disease, disease activity and response to medication, and 
guide therapeutic interventions (8). Despite the many advantages of MSUS, there are some disadvantages 
including operator dependence and machine variability. Obtaining quality images requires knowledge and 
training specific to age-related findings of the growing skeleton. The reliability of MSUS findings is adequate if 
standardized training, scanning protocols, and scoring systems are in place (9-11).

This review highlights the current state of MSUS in pediatric rheumatology and includes a general de-
scription of sonographic settings and findings in children, the use of MSUS in JIA including synovitis and 
enthesitis, and a review of US-guided procedures in pediatrics.

MSUS Principles 
Technological improvements, including faster microprocessors, digital imaging systems, and high-frequen-
cy linear-array transducers in the early 1990s, greatly improved US image resolution and tissue contrast, al-
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lowing the assessment of inflammatory arthri-
tis (12). Successful use of MSUS by the clinician 
requires a clear understanding of the principles 
of sonography, thereby optimizing the ability 
of the sonographer to adjust image settings 
and enhance the identification of image arti-
facts, which may mimic pathology.

Transducer design is important and is partly 
responsible for image quality. Higher frequen-
cy transducers (7.5-18 MHz) enhanced the vi-
sualization of more superficial structures, e.g., 
tendons and ligaments, as well as small joints. 
The choice of transducer is always a trade-off 
between depth of penetration and resolution. 
Higher frequencies provide greater resolution 
but compromise depth. In general, the use of 
a high-frequency linear transducer is preferred 
for MSUS in children.

The reduction of speckle-, noise-, and an-
gle-related artifacts by the use of real-time spa-
tial compound US imaging is of great benefit 
when scanning soft tissues. In this technique, 
the transducer angles the beam over several 
different angles of insonation with the image 
composed of the resulting echoes from each 
of these. The enhancement of contrast reso-
lution and tissue differentiation provided by 
compound imaging improves image quality 
over conventional US (13).

Harmonic imaging utilizes the phenomenon of 
non-linear propagation of US waves through 
the body, leading to multiple primary echo fre-
quency returning from reflective body interfaces 
(harmonics) around the primary transducer fre-
quency (14). Using harmonic imaging improves 
image clarity due to the marked reduction in in-
terference and a significant improvement in the 

signal-to-noise ratio. Harmonic frequencies are 
generated maximally at the focal zone.

Another important requirement is the pres-
ence of a detailed and accurate knowledge 
of anatomy. This knowledge paired with the 
background understanding of joint patho-
physiology by the rheumatologist gives a new 
dimension, a more “hands on” practice to the 
clinician. Recognition of the sonographic ap-
pearance of the developing skeleton is cru-
cial when applying this modality to children. 
Ultrasonographically, owing to its high water 
content, unossified cartilage appears hypo- to 
anechoic. Occasionally, internal hyperechoic 
echoes may be seen within the cartilaginous 
epiphysis, corresponding to vascular channels 
(15). The physis is also seen as a relatively linear, 
but undulating, hypoechoic structure (also be-
ing unossified cartilage); the metaphysis and 
diaphysis, being ossified, exhibit linear, strong-
ly reflective echoes. With increasing age, the 
chondroepiphysis begins ossification, initially 
a central reflective irregular echo with poste-
rior acoustic shadowing followed by progres-
sive mineralization until ultimately the whole 
epiphysis is ossified and covered by articular 
cartilage, which can be seen as a hypoechoic 
rim overlying the bone (14). Avoidance of mis-
taking the hypoechoic articular cartilage for 
joint fluid can be done by applying pressure to 
the probe and by using dynamic examination 
as the hyaline cartilage is not compressible nor 
will it change its shape with movement.

Special attention should be given to the quality 
of the US equipment used for MSUS. High-res-
olution systems capable of generating an ac-
curate and well-delineated image of the target 
tissue are desirable. B-mode, which is synon-
ymous with grayscale (GS), provides a two-di-
mensional image in different intensities of gray, 
representing US echoes reflected by various 
structures. Color Doppler and/or Power Doppler 
(PD) settings are required for the assessment of 
inflammatory arthropathies. Additional factors 
to take into consideration are portability and 
whether MSUS will be used to guide diagnostic 
and/or therapeutic decisions. Different types of 
probes are necessary to cover the full frequency 
range required for routine MSUS examination 
depending upon a patients’ size, i.e., a different 
transducer frequency is required for assessing 
the hip joint of an adolescent than for examin-
ing the small joints of the hands. A linear-array 
transducer is usually used in most musculoskel-
etal applications (16). The transducer size is also 
important. A transducer with a smaller footprint 
(surface contact area) allows better angulation 
between the small joints, decreasing the chance 
of “blind spots” and reducing the risk of artifact. 
However, a bigger footprint can be useful partic-

ularly for larger, more complex joints, such as the 
shoulder, where orientation is sometimes chal-
lenging. In this case, a broader visualization of 
a region of interest that includes key landmarks 
can optimize the identification and assessment 
of a specific structure of interest.

MSUS in JIA
MSUS is highly sensitive, detecting as little as 1 
mL of fluid, but it lacks specificity in identifying a 
cause (17). Therefore, definitions of the expected 
sonographic findings in developing children, as 
well as in juvenile arthritis, are crucial. The pedi-
atric sub-task force of the Outcome Measures in 
Rheumatology (OMERACT) Ultrasound Working 
Group has methodically outlined MSUS defini-
tions for normal pediatric joint, as well as features 
of arthritis in children. In addition to US findings 
in synovitis in children, these definitions outline 
the sonographic appearance of the growing 
skeleton including hyaline cartilage, ossifica-
tion centers, and Doppler findings in healthy 
children (Tables 1 and 2) (15, 18, 19). Figures 1 
and 2 clearly demonstrate synovitis on GS and 
PD, respectively. More recently, the reliability of 
US in the assessment of normal vascularization 
and the grading of skeletal maturation in healthy 
children have been described (20).

Ultrasound vs. physical exam
Accurate assessment of disease activity in JIA 
can often be challenging. Multiple outcome 
measures have been established to evaluate 
the heterogeneity of disease activity in differ-

Figure 2. Power Doppler (PD) image of a ra-
diocarpal wrist joint with evidence for active 
synovitis demonstrating large effusion, syno-
vial hypertrophy and PD signal.

Figure 1. A longitudinal view of the supra-
patellar knee joint with evidence for a large 
effusion and synovial hypertrophy.

Main Points
•	 Musculoskeletal ultrasound (MSUS) is a 

highly sensitive, non-invasive bedside 
instrument of obtaining clinical infor-
mation that supplements physical exam 
without the need for sedation and may 
enhance both the diagnosis and treat-
ment.

•	 Additional studies are necessary to es-
tablish the routine use of MSUS in pe-
diatric rheumatology.   Among others, 
there is a need to determine what are 
the best MSUS findings to predict active 
JIA and the clinical significance of sub-
clinical synovitis.

•	 MSUS-guided steroid injections are 
promising with good outcomes and few 
complications.
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ent JIA subtypes (21). MSUS may provide ad-
ditional insight into disease status and offer 
information not captured by traditional mea-
sures. It has repeatedly demonstrated height-
ened sensitivity compared with physical exam-
ination in the identification of active disease 
(4, 7, 22-25). Enhanced identification directly 
impacts disease categorization, ultimately im-
pacting treatment decisions (26).

Following the MSUS of 52 joints in 32 patients 
with JIA, 5 patients originally classified as oli-

goarthritis or monoarthritis were reclassified 
as polyarticular (22). A moderate to strong 
correlation between swelling and GS and PD 
abnormalities was observed. However, there 
was a poor correlation for tenderness, pain 
on movement, and reduced range of motion, 
highlighting the importance that pain in itself is 
not indicative of active disease. In the study by 
Haslam (23), subclinical synovitis was identified 
in 6 patients, with 1 out of 17 patients being re-
classified as having polyarthritis following US. 
Janow et al. (24) demonstrated improved de-

tection of subclinical disease with US, revealing 
active disease in 14 joints that were deemed 
inactive on physical examination.

A pilot study examining MSUS as a non-ad-
herence intervention in 8 patients with JIA 
demonstrated a 63% discrepancy between US 
examination and physical examination, with 
US detecting greater pathology than physical 
examination. A therapeutic intervention was 
made in half of the patients (n=4), including 
initiation of three new biologics, with a clinical-

Table 2. Definition for synovitis on ultrasonography in children (19)

Synovitis detection by MSUS in children includes the assessment of B-mode and Doppler mode (color or power Doppler) findings.

Terms	 Definitions

Synovitis	 Synovitis can be detected on the basis of B-mode findings alone. Synovitis cannot be detected based on color/power Doppler  
	 findings alone.

B-mode findings	 B-mode findings include synovial effusion and synovial hypertrophy.

Synovial effusion	 Synovial effusion is defined as an abnormal, intraarticular, anechoic, or hypoechoic material that is displaceable.

Synovial hypertrophy	 Synovial hypertrophy is defined as an abnormal, intraarticular, hypoechoic material that is non-displaceable.

Doppler signal	 Color/power Doppler signals must be detected within synovial hypertrophy to be considered as a sign of synovitis.

Table 1. Definitions for the sonographic features of joints in healthy children (15) including DOPPLER technique (18)

Terms	 Definitions

Hyaline Cartilage	 The hyaline cartilage will present as a well-defined anechoic structure (with/without bright echoes/dots) that is  
	 non-compressible. The cartilage surface can (but does not have to) be detected as a hyperechoic line.

Ossification Center	 With advancing maturity, the epiphyseal secondary ossification center will appear as a hyperechoic stucture, with a smooth  
	 or irregular surface within the cartilage.

Joint Capsule 	 Normal joint capsule-A hyperechoic structure which can (but does not have to) be seen over bone, cartigale and other  
	 intraarticular tissue of the joint.

Synovial membrane	 Normal synovial membrane - Under normal circumstance, the thin synovial membrance is undetectable.

Articular bone	 The ossified portion of articular bone is detected as a hyperechoic line. Interruptions of this hyperechoic line may be  
	 detected at the growth plate and at the junction of two or more ossification centers.

Joint features in healthy children when using DOPPLER technique (18)

Physiological vascularity	 Physiological vascularity can be detected by PD as Doppler signal in the joint structures at any age during growth.

	 Physiological intraarticular vascularity can be detected in children within the fat pads and unossified joint structures (i.e.,  
	 the physis, the cartilage of epiphysis and the short bones cartilage).

	 Detection of physiological vascularity and its intraarticular anatomical position is joint and age (particularlly in the youngest  
	 children dependent).

Physis	 Physis can be detected in children as an anechoic unossified structure, intra- or extra-articular according to its anatomical  
	 location.

Fat pad	 Fat pad can be detected as an intra-articular structure with heterogeneous echotexture (similar to the subcutaneous tissue),  
	 which might show vascularity.

Ossification	 In different age groups of children, due to the skeletal development, ossification centers can be detected with different  
	 maturation state.

	 Ossification grade is age and joint dependent.
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ly meaningful improvement in clinical Juvenile 
Arthritis Disease Activity Score (25).

MSUS not only enhances sensitivity in detect-
ing the number of joints involved in JIA but 
also greatly improves the ability to correctly 
identify the exact location of an inflammatory 
process and differentiate between tenosynovi-
tis and synovitis (5, 6). Rooney et al. (2), in an 
effort to clarify the lack of response of intra-ar-
ticular steroid (IAS) injection and heightened 
risk of recurrence in ankle synovitis, clinically 
evaluated swollen ankles and ultrasonograph-
ically identified the specific anatomic locations 
contributing to the appearance of swelling (i.e., 
articular or synovial). In a cohort of 34 children 
with JIA (19 polyarticular, 13 oligoarticular, 1 
systemic, and 1 psoriatic JIA), 49 clinically swol-
len ankles were identified and examined using 
MSUS. US revealed isolated tibiotalar effusion 
in 29% of swollen ankles, whereas 39% had te-
nosynovitis alone and 71% had both tenosyno-
vitis and synovitis. Their study also highlighted 
the fact that medial ankle tenosynovitis was 
most commonly involved in oligoarticular JIA 
(81%), whereas tibiotalar involvement was only 
present in 43% and an isolated tibiotalar effu-
sion was even less common (19%).

In a subsequent prospective study involv-
ing 42 children with JIA, clinical evaluation 
focusing on three regions (tibiotalar, medial 
tendons, and lateral tendons) was compared 
with MSUS assessment in 61 swollen ankles 
(27). MSUS demonstrated superior diagnostic 
ability compared with clinical examination. Ti-
biotalar involvement was suspected in 43 out 
of 61 ankles on clinical examination; however, 
14 (32%) patients had no evidence of tibiota-
lar involvement on MSUS. In addition, of the 
31 patients suspected to be free from tibialis 
posterior tendon (PTT) involvement, 13 (42%) 
patients had evidence of PTT tenosynovitis 
on MSUS. Clinical assessment supported 19 
patients with peroneal tendon involvement, 
but this was only appreciated in 8 (42%) pa-
tients on MSUS. Similar to the previous study 
by Rooney et al., tibiotalar involvement was 
more common when accompanied by tendon 
involvement (37 ankles, 60.6%) than tibiotalar 
involvement alone (12 ankles, 19.7%). Medial 
tendon involvement was twice as frequent as 
lateral tendon involvement (32 vs. 17) (28).

MSUS as a “biomarker” in disease
MSUS has a growing role in the assessment of 
disease activity. In a study of 20 children with 
JIA and 20 age-matched healthy controls, 
MSUS demonstrated higher knee synovial 
thickness in children with JIA than in healthy 
patients (4.2±2.4 mm vs. 1.7±0.3 mm, p<0.001) 

(29). The study also showed significant posi-
tive correlations between mean knee synovial 
thickness and disease activity score, erythro-
cyte sedimentation rate (ESR), C-reactive pro-
tein (CRP), articular index score, and clinical 
knee scores. Similar significant positive correla-
tions were seen between these measures and 
knee effusion volume and visual analog scores.

An association between joint vascularity as 
depicted by PD and inflammatory cytokines, 
most notably interleukin (IL)-6 (30), and more 
recently IL-37 (31), has been described. Serum 
amyloid A (SAA) was also found to be higher 
in patients with active JIA, and these patients 
with increased SAA levels had a significant-
ly greater mean MSUS score than those with 
normal SAA levels (32). PD positivity has also 
been correlated with markers of angiogenesis 
including vascular endothelial growth factor 
(33) and has demonstrated higher sensitivity 
in the assessment of disease activity than ESR 
and CRP (34).

Predicting flare
Reliable assessment of disease activity requires 
well-established, valid definitions, with mea-
sures that are reproducible and feasible.

Psoriatic arthritis provides an excellent mod-
el for the detection of subclinical synovitis by 
MSUS. Patients with psoriatic arthritis often 
present with psoriasis, typically preceding the 
onset of joint disease by several years. MSUS 
has been used to detect subclinical joint dis-
ease in patients with psoriasis and in adult 
studies has identified a higher incidence of 
subclinical synovitis than in healthy con-
trols (50.7% vs. 32.6%, respectively) (35). In a 
cross-sectional study of adult patients with 
psoriasis without clinical musculoskeletal in-
volvement, subclinical active synovitis and 
enthesitis as evidenced by MSUS were seen in 
27.5% and 20%, respectively (36). Miotto et al. 
(37) demonstrated subclinical synovitis in 15 
(41.7%) out of 36 patients with JIA with clini-
cally inactive disease (CID) compared with 4 
(11.1%) of healthy controls. A total of 34 joints 
were examined per patient for the presence of 
synovitis, which they defined as synovial fluid/
hypertrophy with or without any PD signal.

Subclinical synovitis has also been appreciated 
in peripheral small joints (38). A study focus-
ing on US evaluation of metatarsophalange-
als (MTPs) and metacarpophalangeals (MCPs) 
defined US synovitis as synovial hypertrophy 
with PD signal with or without effusion. Clini-
cal swelling was identified in 75% of MCPs and 
approximately 25% of MTPs of the joints identi-
fied as having synovitis on MSUS.

Rebollo-Polo et al. (6) evaluated the presence 
of GS and PD abnormalities in 28 patients with 
JIA with a minimum of 3 months of CID. Previ-
ously involved joints and uninvolved contralat-
eral joints were evaluated for GS abnormalities 
including synovial thickening and joint effu-
sion, as well as abnormal PD signal. GS abnor-
malities were seen in the wrist of 8 (57.1%) out 
of 14 previously affected patients and 2 (50%) 
out of 4 previously unaffected patients. Ankle 
GS abnormalities were seen in 6 (40%) out of 
15 previously affected patients and 1 (12.5%) 
out of 8 unaffected patients. Corresponding 
PD was 21.5% and 0% for the wrist and 6.7% 
and 0% for the ankle in previously affected and 
previously unaffected patients, respectively. No 
GS pathology or PD abnormalities were appre-
ciated in either previously affected or unaffect-
ed knees. Although the study demonstrated 
ongoing pathology on US in some patients 
meeting the definition of CID, determining the 
exact clinical significance of these findings is 
ongoing.

Although there are well-established definitions 
of CID (39, 40), the advent of advanced imaging 
prompts reevaluation of current definitions. In-
deed, subclinical arthritis was identified in 45% 
of children with CID on magnetic resonance 
imaging (MRI) (41) and is frequently detected 
on MSUS. Taking into account the superiority 
of MSUS to physical examination in the de-
tection of synovitis (10, 22, 23, 38, 42, 43) and 
the good to excellent intra- and interobserver 
reliability in recognizing active inflammatory 
lesions, as well as evidence of damage (10), 
there is great interest in the role of MSUS in 
predicting disease flare. The ability to identify 
and accurately assess key variables may assist 
in a more accurate prediction of disease flares, 
as well as overall prognosis, and while prelimi-
nary, MSUS may be a helpful tool (44).

Magni-Manzoni et al. (45) sought to determine 
if the identification of pathologic US findings in 
CID could predict flare. The group evaluated 52 
joints in each of 39 children with JIA and CID of 
at least 3 months duration. Baseline evaluation 
revealed synovial hyperplasia in nearly 77%, 
joint effusion in 66.7%, PD signal in 33.3%, and 
tenosynovitis in 15.4% of patients. During the 
2-year follow-up, 24 (61.5%) patients continued 
in CID. Based on their findings, the identifica-
tion of ongoing pathology in patients with CID 
was not predictive of disease flare. However, a 
subsequent study noted an increased rate of 
clinical flare in patients with JIA with CID found 
to have positive PD (46). In this prospective 
study of 35 patients with CID followed up for 
a 30-month period, 20 (57.1%) patients flared, 
with the risk of flare being five times greater 
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in those with positive PD signal. Patients with 
CID on medication had 14 times higher risk of 
flare. Additionally, subclinical synovitis, defined 
as synovitis with or without positive PD signal, 
was associated with more erosions.

Zhao et al. (47) recently evaluated the ability of 
MSUS to predict a flare in patients with JIA with 
CID, demonstrating a low positive predictive 
value (PPV) of 12%. In a separate commentary 
by Roth (48), a discrepancy is revealed in their 
description of what is considered abnormal on 
MSUS. They highlight that although 11 wrists 
were considered abnormal on the basis of PD 
positivity, only one of these 11 joints had ab-
normalities on GS. Such discrepancies were 
also present in the tibiotalar joint. Roth (28) 
emphasized that Doppler positivity outside 
of an area of synovial abnormality cannot be 
considered synovitis. This is a key factor in pe-
diatric musculoskeletal ultrasonography given 
the frequent detection of normal blood flow 
within a joint but outside of the synovium.

De Lucia (49) demonstrated an increased 
risk of flare in patients with JIA with at least 3 
months of CID followed up over a 4-year pe-
riod (odds ratio (OR) 3.8, 95% confidence in-
terval (CI) (1.2-11.5), with the combination of 
GS and PD abnormalities giving a PPV of re-
lapse of 65% compared with 33% PPV for GS 
alone, in contrast to the study by Zhao et al. 
They determined a 94% remission probability 
with normal MSUS at 1 year and 55% remission 
probability in the event of abnormal MSUS. It is 
this combination of GS synovitis and PD pos-
itivity that appears to best predict flare of JIA. 
Interestingly, the joints that flared in De Lucia’s 
study were different from those joints identi-
fied as having subclinical synovitis on baseline 
US. The authors hypothesized that patients 
with greater systemic inflammation are more 
likely to develop synovitis in different joints 
from those at the time of presentation.

Nieto Gonzalez et al. (50) sought to determine 
the predictive value of subclinical synovitis in 
56 patients with JIA in remission following ta-
pering of tumor necrosis factor (TNF) inhibitors 
for 1 year. Although GS synovitis was frequent 
at baseline (83.9% of patients and 10.1% of 
joints), only 19 (1.3%) out of 1456 joints exam-
ined had GS synovitis grade 2 or 3. PD synovitis 
was seen at baseline in 5 (8.9%) patients, also 
demonstrating GS synovitis grade 2-3. During 
the 12-month period, 18 (32.1%) out of 56 ex-
perienced a flare, but no significant differences 
were appreciated in US findings in those pa-
tients who flared versus those remaining in 
remission and none of the 5 patients with con-
comitant GS synovitis and PD synovitis flared. 

Of note, although patients were weaning from 
TNFs, none of them stopped biologic therapy.

Ongoing studies are essential in determining 
the clinical significance of subclinical synovitis 
by MSUS and if perhaps the meaning of this 
finding is variable based upon the JIA subgroup.

Scoring
The growing use of MSUS in routine clinical 
practice heralds the need for scoring systems 
to more accurately assess synovitis. Ting et 
al. (11) established a scoring system utilizing 
B-mode and PD and determined its reliability 
in evaluating knee synovitis. Following a con-
sensus-driven approach, a protocol for image 
acquisition was established, and a standardized 
scoring system was created. The final image ac-
quisition protocol could be completed within 
10 min and consisted of a midline suprapatel-
lar longitudinal view, medial parapatellar trans-
verse, and lateral parapatellar transverse view. 
A semiquantitative scoring system ranging 
from 0 (normal) to 3 (severe) was created for 
B-mode and PD, only including Doppler signals 
within areas of the synovial recess and synovi-
al hypertrophy. A series of three exercises was 
performed, ultimately demonstrating suprapa-
tellar view B-mode interclass correlation coef-
ficient (ICC) of 0.89 (95% CI 0.86-0.98) and PD 
of 0.55 (95% CI 0.41-0.69), medial parapatellar 
view B-mode ICC of 0.76 (95% CI 0.68-0.83) and 
PD of 0.75 (95% CI 0.66-0.83), and lateral para-
patellar view B-mode ICC of 0.82 (95% CI 0.75-
0.88) and PD of 0.75 (95% CI 0.66-0.84).

Collado et al. (51) evaluated a semiquantitative 
scoring system for pediatric synovitis includ-
ing 44 joints imaging the fingers, radiocarpal, 
elbow, tibiotalar, and midfoot joints. They 
defined synovitis as the presence of synovial 
hypertrophy and/or effusion. A consensual 
4-point semiquantitative scale of GS synovitis 
and 3-point semiquantitative scale for PD was 
determined. Tenosynovitis and bursitis were 
scored dichotomously for GS and PD, with 0, 
absence and 1, presence. MSUS was more sen-
sitive than physical examination in the detec-
tion of synovitis. Various models were used to 
then create a reduced PD ultrasonography as-
sessment, which ultimately included 10 joints 
and encompassed the bilateral knee, ankle, 
wrist, elbow, and second MCP joints. All of the 
patients with GS synovitis and PD signal were 
detected using the reduced PD composite 
score. Correlations between the 44-joint and 
reduced 10-joint assessments were high at 
baseline, 3, and 6 months (r>0.8, all p<0.0005). 
The reduced score took an average of 17.3 min 
compared with 40.8 min for the 44-joint eval-
uation. This study highlights the feasibility of a 

standardized limited scoring system in the as-
sessment of JIA. Nevertheless, it was performed 
prior to the establishment of preliminary defi-
nitions for synovitis (28). A scoring system 
demonstrated good reliability in four joints 
(wrist, 2nd MCP, knee, and ankle) following the 
OMERACT creation of preliminary definitions 
of synovitis (20). Good to excellent intra- and 
interobserver reliability for inflammatory and 
structural lesions of the wrist and MCP has also 
been reported using this scoring system (10).

The establishment of reliable scoring systems 
is essential not only in the grading of synovitis 
but also in the determination of response to 
treatment. The relationship between the US in-
dices Color Fraction (CF), which measures local 
vascularity in regions of hyperemic synovium, 
and Resistive Index (RI), which measures the 
velocity of blood flow, and clinical and labora-
tory parameters were evaluated in JIA knees at 
baseline and 2 months following IAS injection. 
Patients with JIA were age and sex matched 
to healthy controls (52). Baseline evaluation 
demonstrated increased CF and RI in patients 
with JIA in comparison with matched healthy 
controls. There was a significant improvement 
in CF and RI in patients with JIA 2 months af-
ter IAS injection. CF positively correlated with 
swelling score, active joint count, and JADA 
score, and there was a negative correlation 
between RI and active joint count and morn-
ing stiffness duration. A very high intra- and 
interobserver correlation coefficient was also 
appreciated.

Damage
Chronic synovial inflammation leads to dete-
rioration and irreversible structural changes 
of osteocartilaginous structures, resulting in 
functional limitation (53). The measurement of 
cartilage thickness by US has been validated 
in both healthy children (54, 55), as well as in 
children with JIA (56). In 2013, Pradsgaard et al. 
ultrasonographically measured the cartilage 
thickness in 95 patients with JIA and compared 
findings to age- and sex-matched healthy 
controls. Patients with JIA were found to have 
thinner cartilage than healthy controls in both 
previously affected arthritic joints, as well as 
previously healthy joints. Children with poly-
articular and systemic JIA also demonstrated 
thinner cartilage than those with oligoarticu-
lar JIA. Mitra et al. (57) again highlighted sig-
nificant cartilage thinning in children with JIA, 
most notably polyarticular disease, and in boys, 
independent of disease duration and markers 
of inflammation.

A subsequent validation study comparing US 
and MRI measurements of cartilage thickness 
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determined the best site for reproducibility 
and reliability, ultimately establishing the inter-
condylar notch of the distal femur in a flexed 
knee as the ideal location (58).

Enthesitis
Enthesitis-related arthritis (ERA) makes up 
approximately 10%-37% of patients with JIA 
(59, 60) and is characterized predominantly 
by lower limb arthritis and enthesitis, affect-
ing boys aged >6 years who are frequently 
HLA-B27 positive. Some children may also de-
velop inflammatory back pain and acute ante-
rior uveitis (61), and unfortunately, many have 
similarly poor outcomes as adults with spon-
dyloarthropathies (60, 62). Treatment generally 
involves nonsteroidal anti-inflammatory drugs 
and conventional disease-modifying anti-
rheumatic drugs, but often biologic therapy 
is needed to prevent the progression of dis-
ease (60). Therefore, making an early diagnosis 
of enthesitis is important with respect to the 
appropriate diagnosis and timely implementa-
tion of treatment interventions. Unfortunately, 
clinical assessment of enthesitis can be chal-
lenging in the growing pediatric population. In 
addition to the recent Juvenile Spondyloarthri-
tis Disease Activity Score, another challenge 
is the lack of validated outcome measures for 
pediatric enthesitis (63). Thus, the potential for 
US to aid in both establishing a diagnosis and 
treatment monitoring is key.

US and whole-body MRI are emerging as 
helpful adjuncts to clinical examination in 
the diagnosis of enthesitis (64). MSUS is an 
effective, highly sensitive method of detect-
ing enthesitis for adult spondylarthropathies 
(65-68). While diagnosis remains clinical (i.e.,., 
localized pain, tenderness, and swelling at the 
attachment site), US is increasingly being uti-
lized to detect subclinical enthesitis (69-71) 
and for injection guidance for enthesitis in JIA 
(60). Recent studies indicate a prevalence of 
active enthesitis (by MSUS) in approximately 
12.5%-13% of patients with JIA-ERA (69-72). 
Jousse-Joulin et al. (69) evaluated a cohort 
of 213 enthesis sites among patients with 
JIA, in which 27 (12.5%) were clinically abnor-
mal, whereas 20 (9.4%) were abnormal by PD 
MSUS with the distal patellar ligament (30%) 
and Achilles tendons (20%) primarily affect-
ed. Interestingly, while MSUS assessed fewer 
abnormal entheses, 10 (50%) were deemed 
clinically normal, indicating discordance with 
clinical examination. Notably, tenderness and 
swelling on examination correlated well with 
abnormal PD MSUS (69). Weiss et al. reported 
on a cohort of 30 patients with JIA-ERA and 30 
control patients assessed by both MSUS and 
dolorimetry. While dolorimetry was unreli-

able, abnormal MSUS findings most frequent-
ly involved the quadriceps tendon insertion 
(30%), common extensor tendon (12%), and 
Achilles tendon (10%) (70). Shenoy et al. found 
47 abnormal entheses on MSUS in 25 out of 
30 male patients with JIA-ERA, whereas only 
27 (in 15 out of 30 patients) were clinically ab-
normal (primarily at the patellar tendon inser-
tion at the tibial tuberosity). The concordance 
rate between clinical examination and MSUS 
was better than previous studies at 89.4% (out 
of 360 enthesis sites) with discordance occur-
ring at the tibial tuberosity, superior patellar 
pole, and Achilles tendon sites (71). MSUS as-
sessment of enthesitis is feasible and may be 
superior to clinical examination in JIA. Given it 
is quick and portable, the routine use of MSUS 
in clinical care of children with enthesitis war-
rants further optimization.

In recent years, normative data of entheses in 
healthy children have been evaluated. Normal 
vascular changes of the tendinous (10-13 year 
old) and peritendinous (4-9 year old) regions 
were noted among healthy children (73), in-
dicating the need for caution while interpret-
ing MSUS findings. Tendon thickness appears 
to increase with age or weight (74), whereas 
cartilage thickness declines over time (73, 75). 
These features are important to be aware of in 
growing children as the OMERACT definition 
of MSUS enthesitis in adults (76) includes the 
presence of tendon thickening and abnormal 
Doppler signal along with hypoechoic ap-
pearance, loss of fibrillar architecture, possible 
calcification, and bony erosion(s). At this time, 
there are no MSUS enthesitis definitions specif-
ic to children. Furthermore, although adult en-
thesitis scoring recommendations have been 
well-established (77), pediatric scoring systems 
are still lacking.

Overall, these limited studies indicate a poten-
tial bedside role of MSUS in the assessment 
of enthesitis; however, additional studies are 
necessary to develop imaging protocols and 
scoring systems and to ascertain the ability of 
MSUS to assess change.

Steroid injection procedures
The utility of IAS injections is well recognized in 
the treatment of inflammatory arthritis. Indeed, 
it is a common intervention and treatment 
modality in JIA (78). IAS injections have been 
shown to improve synovitis and functional out-
comes within days and typically are associated 
with very few systemic side effects (79). How-
ever, the efficacy of the procedure generally 
relies on the accuracy of the steroid placement 
within the synovial capsule of the joint or ten-
don sheath. Currently, pediatric joint injections 

are performed blindly either with palpation by 
the clinician or with imaging guidance (fluo-
roscopy, computed tomography enhanced, 
MRI, and/or US) via interventional radiology in 
many pediatric rheumatology clinics. With ad-
vances in use and training of MSUS, US-guided 
injections have increased in frequency in the 
treatment of JIA.

Several studies in adults with arthritis indicate 
the benefits of utilizing MSUS for steroid in-
jection guidance with improved efficacy and 
accuracy (80, 81), whereas the evidence in JIA 
remains limited. Current studies evaluating the 
use of MSUS for steroid injection procedures in 
JIA have primarily been retrospective and de-
scriptive reports with radiologists performing 
the procedures. Two large cohorts from Peters 
(82) and Young (83) reported on a combined 
2719 procedures with MSUS guidance. Of 
these, 1030 (37.8%) were for tendon sheaths 
with the majority of injections occurring in the 
ankles (75%-84.9%, respectively) (82, 83). Gen-
erally, all studies on MSUS-guided injections 
in JIA have been effective both clinically and 
via MSUS findings in the wrist (84), ankle (83, 
85, 86), knee (52, 87), hip (87), sacroiliac joint 
(88), tendon sheath (82), and temporoman-
dibular joint (TMJ) (89-91); however, long-
term outcomes were difficult to assess given 
concurrent immunotherapy and limited fol-
low-up. Indirect assessments of outcome were 
documented by duration to repeat injection, 
which was reported on average from 6.3 to 
24.8 (range 0.5-130.7) months after the initial 
procedure (83-86).

MSUS provides real-time assessment and con-
firmation of disease activity, as well as direct 
visualization of the needle tip in the affected 
region and immediate confirmation of the 
medication injected. MSUS has been shown to 
be superior to clinical examination, particularly 
with respect to ankle tenosynovitis (2, 85). Pe-
ters et al. (82), in their 10-year review of tendon 
sheath injections, examined the frequency of 
clinical assessment of tenosynovitis with US 
findings. For every 100 injections requested, 
77 were completed, suggesting a 23% dis-
cordance between examination and imaging 
findings. Injections of an uninflamed tendon 
can have negative consequences, increasing 
the risk of tear or rupture and steroid atrophy 
side effects. Furthermore, ineffective steroid 
injections may be due to incorrect steroid 
placement. Rooney et al. (2) found that 39% of 
patients with JIA with clinically swollen ankles 
have only tenosynovitis on MSUS. Thus, if the 
tibiotalar joint was mistakenly injected with 
IASs, a considerable proportion of patients 
would have had incomplete or no response at 
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all. Therefore, the use of MSUS prior to a joint/
tendon injection can further confirm inflam-
matory findings and guide appropriateness 
of the procedure. Figure 3a and b depicts ac-
curate needle placement and confirmatory 
injection of steroid into a tendon sheath, re-
spectively.

MSUS-guided injection procedures have been 
associated with very low (2%-5%) complication 
rates most commonly related with steroid at-
rophy (82-86, 91). Subcutaneous atrophy is a 
known complication from steroid injections, 
noted more often in small or complex joints 
(ankle and wrist) in children aged <4 years 
(92) or with large injection volumes (93). MSUS 
guidance may minimize extravasation into the 
tissue given visible localization of and confir-
mation of medication into the injection site.

Although the majority of studies hint toward 
the utility of MSUS-guided steroid injections, 
Resnick et al. (90) found that the only differ-
ence between MSUS-guided TMJ injections 
versus the anatomic identification/palpation 
performed by an oral maxillofacial surgeon 
is a time difference of 49 min more for MSUS. 
The other authors indicate that the time of 
actual procedures averaged 5-15 min (84, 85) 
performed by a musculoskeletal trained radiol-
ogist. Overall, the role of MSUS-guided steroid 
injections appears promising with very good 
outcomes and few complications.

MRI vs. MSUS
MRI has generally been considered to be the 
most sensitive, non-invasive modality for im-
aging inflammatory disease given the ability 
to evaluate all layers of tissue including joints, 
tendons, entheses, cartilage, and bony ero-
sions, as well as bone marrow edema (94, 95). 
Contrast-enhanced MRI further adds the ability 
to assess active synovitis and is recommended 
in most instances, but does not appear to be 
needed in the assessment of the sacroiliac joint 
(96, 97), cartilage, bone edema, or erosions 
(97). However, MRI use is limited by the long 
duration of study, potential need for sedation 

for young or anxious children, limited to single 
extremity (whole body offers less detail), need 
for intravenous (IV) contrast, access, and cost. 
Similar to MSUS, the use of MRI is further affect-
ed by a lack of normative data of MRI findings 
in healthy children, making scoring and inter-
pretation more difficult.

Given the usability and lower cost of MSUS, 
several studies have compared the utility of the 
two modalities. Only MRI can assess bone mar-
row edema, which has been shown to be pre-
dictive of erosive disease in RA (98, 99) though it 
remains uncertain if this is similar in JIA. MRI has 
improved sensitivity compared with MSUS and 
radiography with regard to bony erosions (100, 
101) and appears to have a slight advantage 
over both clinical examination and MSUS in 
the assessment of inflammatory arthritis (102) 
particularly with respect to the TMJ (103-105). 
MSUS has demonstrated a potential diagnostic 
role for TMJ disease, especially in the presence 
of condylar involvement (106), and may be a 
helpful screening tool (107). Nevertheless, a 
recent systematic review demonstrated low 
sensitivity of MSUS and advocated that it may 
play a more valuable role in established disease 
based on the initial diagnosis by MRI (108). In a 
recent study assessing 92 patients with JIA and 
TMJ involvement, contrast-enhanced MRI de-
tected inflammation in 64.7% of joints, where-
as PD MSUS did not detect inflammation in 
any of the joints (105). While MSUS may play a 
potential role in the evaluation of TMJ arthritis, 
at this point, MRI remains superior and cannot 
be replaced. Phatak et al. (109) reported that 
MRI has a 74% concordance with clinical ex-
amination and a 72% concordance with MSUS 
with respect to the midfoot. However, Eich et 
al. (87) performed a prospective study of 15 
knees and hips among patients with JIA and 
evaluated findings pre- and post-steroid injec-
tion with both MSUS and MRI. Overall, MSUS 
was as sensitive as MRI in identifying synovial 
effusion and pannus. Studies comparing MSUS 
and MRI show a high level of agreement in 
the assessment of cartilage thickness in both 
healthy children (54) and among patients with 

JIA (58). In addition, a recent comparison study 
of MSUS and MRI in hemophilia arthropathy in-
dicated a very high reliability (110).

With advances in technology and validated 
scoring systems, each imaging modality may 
become more accurate and cost-effective. For 
instance, diffusion-weighted MRI imaging may 
be a non-invasive alternative to IV contrast en-
hancement (111, 112). In MSUS, superb micro-
vascular imaging (SMI) is an emerging Doppler 
modality using advanced algorithms to focus 
on a specific area of interest. It is capable of 
effectively suppressing background tissue 
motion without impacting slow flow signals 
that are characteristically seen in synovitis. In a 
study of knee synovitis in patients with JIA, SMI 
was superior to PD in depicting microvascular 
blood flow in both patients with clinically ac-
tive disease (i.e.,., those with disease on phys-
ical examination and US), as well as CID (i.e.,., 
those with no disease on physical examination 
but positive US findings consisting of synovial 
hypertrophy and effusion) (113). Ultimately, fu-
ture studies comparing the two modalities in 
JIA are warranted.

Conclusion
The diagnostic challenges of synovitis, tenosy-
novitis, and enthesitis in a pediatric patient with 
JIA along with the evidence of poor prognosis 
related to (subclinical) disease suggest the need 
for a quick, readily available, non-invasive imag-
ing tool(s), such as MSUS. MSUS plays a valuable 
role in enhancing diagnosis, assessing response 
to therapy, and improving interventional mo-
dalities to overall advance the care and improve 
outcomes of children with JIA.
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