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Abstract

Background Ultrasonography has become a useful tool in the clinical rheumatology settings in the last two decades, but its
use has only recently been explored by pediatric theumatologists. The aim of this article is to review the literature on the
current status and recent advances on the use of ultrasound in pediatric rheumatic diseases.

Data sources We have retrieved and reviewed the relevant articles from MEDLINE/PubMed databases published so far, on
the applications of ultrasound in juvenile idiopathic arthritis (JIA), systemic lupus erythematosus, dermatomyositis, enthesitis,
Sjogren’s syndrome, and other rheumatic diseases. In addition, articles on novel ultrasound imaging technology of potential
use in pediatric theumatology are also reviewed.

Results In JIA, ultrasound can be used to detect subclinical synovitis, to improve the classification of patients in JIA sub-
types, to capture early articular damage, to monitor treatment response, and to guide intraarticular injections. Ultrasound is
also considered useful in other rheumatic disorders for the evaluation of musculoskeletal symptoms, assessment of parotid
gland pathology, and measurement of skin thickness and pathology. Novel ultrasound techniques developed to augment the
functionality of ultrasonography may also be applicable in pediatric rheumatic disorders.

Conclusions Ultrasound shows great promise in the assessment and management of children with rheumatologic disorders.
However, standardization and validation of ultrasound in healthy children and in patients with rheumatic diseases are still
needed.
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Introduction in children. The Outcome Measures in Rheumatology ultra-

sound pediatric task force was formed to address this issue.

Ultrasonography has become an important imaging modal-
ity that can improve early diagnosis, follow-up and monitor
therapy in theumatic disorders in adults [1-4]. However, the
use of ultrasound in the pediatric population is still limited.
Recently, pediatric rheumatologists are exploring its use in
clinical pediatric practice. One area of concern has been
the lack of standards in its use in pediatric rheumatology as
normal ultrasound findings had not been well characterized
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Subsequently, a standardized musculoskeletal ultrasound
(MSUS) examination procedure, adapted to children, was
developed [5]. In addition, ultrasound definitions of normal
joint features [6] and definitions for synovitis for children
were recently proposed [7].

In this review, we will describe the current status of
ultrasound applications in pediatric rheumatology and
newer ultrasound technology that may be useful in pediat-
ric theumatology.

Principles of ultrasound technology

Recent advances in technology had led to the development
of ultrasound machines that can produce high quality images
and yet are portable enough for office use. The declining cost
of the ultrasound machines further boosts their acceptability
in routine clinical use.
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The ultrasound technology is based on the generation of
ultrasound wave by electrical stimulation of a piezoelectric
crystal in the transducer. The wave traverses the target tissue
and, depending on the nature of tissue, some of the ultrasound
waves are reflected back to the transducer/piezoelectric crys-
tal, where the wave energy is converted back to electric energy
which is analyzed and displayed on the ultrasound machine
computer screen. When the ultrasound wave travels through
liquid, none is reflected and will appear black on the computer
screen (anechoic). In contrast, if the wave encounters bone or
metal object, it is reflected back to the transducer and results
in a bright image on the computer screen (hyperechoeic). The
time for the ultrasound to reach the transducer is used to cal-
culate the depth of the reflecting surface. The frequency of
the ultrasound wave determines the image quality. The higher
the frequency, the higher the resolution, but this comes at the
expense of the ultrasound penetration. High-frequency linear
transducers (e.g., 10-18 MHz) are thus useful for superficial
structures (skin, bone, etc.) and are used for scanning muscu-
loskeletal structures, while low-frequency transducers (e.g.,
5-10 MHz) are useful for deeper tissues such as abdominal
organs. The “hockey stick” transducer with small-field of view
is useful in assessing small joints in children.

Ultrasound machine also utilizes the well-known Doppler
effect, in which a moving object reflected sound wave at dif-
ferent frequencies depending on whether it is approaching or
receding from the sound source. Thus, the direction of blood
flow can be detected (known as Color Doppler). Power Dop-
pler assigns a color to the blood flow regardless of direction
and is considered to be more sensitive for small vessels and
slow flow. These techniques are useful for detection of small
vessels in superficial tissues, as seen in inflamed sites [8].
Along with improvement in computer processing and memory
storage capacity, recent novel ultrasound imaging techniques
have been developed such as three-dimensional imaging, con-
trast-enhanced ultrasound (CEUS), and sonoelastography that
will improve the application of US in medicine [9].

Advantages and limitations of ultrasound
technology in pediatrics

The use of ultrasound in pediatric medicine is gaining
favor due to its many favorable attributes over other imag-
ing techniques [10]. It is child-friendly, noninvasive, easily
accessible and involves no ionizing radiation. Compared to
other imaging modalities, it is relatively low cost and avoids
anesthesia and prolonged imaging time. Several joints can
be studied in one session, and real-time dynamic study can
be done. Ultrasound can be used to detect fluid collection or
soft-tissue disease and to visualize musculoskeletal struc-
tures, such as muscle, fascia, tendon, ligament, synovium,
cartilage, nerve, and bone surfaces. It is also able to detect
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inflammation and bone erosions before they become clini-
cally evident [11]. In addition, US can be used to guide
interventional procedures such as joint aspiration, synovial
biopsy, and intraarticular or tendon sheath injections [12].
Therefore, the application of US in pediatric rheumatic dis-
eases is expanding, and can be used not only in juvenile idi-
opathic arthritis (JIA), but also other rheumatic conditions
such as systemic lupus erythematosus (SLE), dermatomyosi-
tis, enthesitis, Sjogren’s syndrome, among others.

Many of the limitations of ultrasound in pediatric are
similar to those in adult medicine: relatively small field of
view, inability to assess deformed joints, lack of fine anatomic
details compared to magnetic resonance imaging (MRI), ina-
bility to view tissue behind bone or other high-density objects,
and operator-dependency. However, there are unique chal-
lenges in pediatric ultrasonography. In pediatric ultrasound,
understanding the changes of anatomic structure with age is
essential. This includes age-related variation of articular car-
tilage thickness, variation in amount of joint fluid, age-related
vascularization, and ossification [13—15]. Only with careful
collection of normative data, validation and consensus agree-
ment, that the sonographers and pediatric rheumatologists can
devise a precise scanning method for different age groups.
Although systemic studies of normal sono-anatomy are being
carried out, there remain many areas to be developed.

Another challenge is the lack of availability of ultra-
sonography to pediatricians in some parts of the world due
to local regulations and financial constraints. This issue can
only be resolved with changes in the political and economic
landscapes and in the lowering of equipment costs for wider
implementation of this technique globally.

Applications of ultrasound in pediatric
rheumatology

Ultrasound in JIA

Juvenile idiopathic arthritis refers to a group of heterogene-
ous conditions involving chronic inflammatory arthropathy of
unknown cause in childhood, with disease incidence of 1.6-23
per 100,000 and a disease prevalence of 3.8—400 in 100,000
[16]. It comprises of seven different clinical subtypes, based
on the number of affected joints and the presence of extraar-
ticular clinical manifestations [16]. Ultrasound can be a valu-
able tool for early diagnosis, evaluation and follow-up of JIA
disease activity and for the assessment of treatment response.

Ultrasound in the diagnosis of JIA
Clinical examination in JIA may be imprecise and can under-

estimate the extent of joint involvement. Ultrasound has the
potential to detect significant degrees of synovitis before
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clinically evident and to discriminate inflammatory from
noninflammatory joint diseases [17, 18]. However, for this
goal to be realized, the sonographic characteristics of normal
and inflamed joints in children need to be better defined. A
number of ultrasound studies evaluating normal wrist, shoul-
der, knee, and hip as well as vascularization and ossification
of joints in normal children had been published [13-15, 15,
19] and are useful references for determining normal sono-
graphic appearances of the various joints. Recently, Roth
et al., developed an ultrasound definition of synovitis cover-
ing the entire pediatric age range and it was validated in a
web-based still images exercise. These results provided the
basis for the standardized ultrasound assessment of synovitis
in clinical practice and research [7]. Another scoring system
of pediatric synovitis (PedSynS) for the elbow, radiocarpal,
tibiotalar, mid-foot and finger joints had also been published
[21]. Because of the presence of physiological vasculariza-
tion, the sonographers need to adhere to the principle that
synovitis should be detectable on greyscale (B-mode) and
not based only on color/power Doppler alone [7].

Using MSUS as a tool, Haslam et al. found that 6 of
17 patients with early oligoarticular JIA (<12 months)
had subclinical synovitis, more frequently detected in the
small joints of hands and feet [22]. This had the potential of
increasing the joint count and changing the patient’s diag-
nosis. This possibility thus, raised the issue whether MSUS
has a role in the classification of JIA subtypes.

Ultrasound can also distinguish whether joint swelling is
due to synovitis, tenosynovitis or both [23]. Pascoli et al. have
reported that 42% of ankles thought to be clinically normal had
ultrasonographic evidence of involvement of medial tendons,
while less than 50% of the lateral tendons deemed to be clini-
cally involved were found to be affected on ultrasound [24].

The clinical detection of enthesitis in children is challeng-
ing as elicitation of enthesis tenderness by palpation may
be confused with fibromyalgia tender points. Detection of
enthesitis may be improved with ultrasound. To define the
normal greyscale ultrasound characteristics of entheses in the
lower extremity, Lin et al. evaluated 702 entheses in 117 nor-
mal children and reported that entheseal thickness increased
with age and weight [25]. In a study about JIA, 27 (12.5%)
of the entheseal sites exhibited clinical enthesitis while 20
(9.4%) had ultrasound evidence of enthesitis by power Dop-
pler (US-PD), including 10 that were considered clinically
normal (50%). Clinical enthesitis and HLLA-B27-positive sta-
tus were significantly associated with positive US-PD findings
[26]. In patients with enthesitis-related arthritis, recent studies
confirmed that ultrasonography was more reliable in detecting
enthesitis compared to clinical examination [27, 28].

Cartilage loss in JIA is an early indicator of joint dam-
age before irreversible structural changes develop. However,
evaluating cartilage loss in JIA patients is difficult, espe-
cially since cartilage thickness normally decreases with

skeletal maturity [29]. Ultrasound can detect the cartilage
of unossified epiphyses and the osseous nuclei before they
become visible on plain radiographs [30]. In this regard,
ultrasound is a useful tool for measuring cartilage thick-
ness, and is highly correlated to MRI measurements. The
intercondylar notch of the distal femoral cartilage may be
the best anatomical point to assess cartilage thickness in the
knee [31]. Cartilage thickness in the knee measured with
ultrasound was significantly lower in patients with JIA, as
compared with the control group, and notably lower in those
with polyarthritis and systemic-JIA compared to the oligoar-
ticular group, regardless of whether the examined joints
were previously affected [32]. Similar research had shown
significant cartilage thinning in JIA patients, particularly in
the polyarticular subtype, and more in boys than girls [33].

Ultrasound is also useful for imaging bone erosions in
rheumatoid arthritis [34]. However, it is more difficult to
evaluate bony erosive changes in children, because irregu-
larities in recently ossified bones can be misinterpreted as
cortical erosions [35]. Nevertheless, the reliability of the
ultrasound to detect bone erosions was excellent. In a recent
study, the investigators observed a low prevalence of bone
erosions of metacarpophalangeal (MCP) (10%) in patients
with JIA [36]. Further validation and large-scale studies are
required to determine the possible role of ultrasound in the
detection of bone erosions in children.

Ultrasound-guided interventions

Intraarticular corticosteroid injections (IACI) is a common
treatment for patients with JIA. The use of ultrasound-
guided joint aspiration and injection can improve its success
rate. By ensuring correct needle placement, ultrasound guid-
ance can maximize treatment efficacy and minimize local
complications [37]. In patients with inflamed small joints
such as MCP and proximal interphalangeal joints, ultra-
sound improved accurate needle placement from 59% by
palpation to 96% by ultrasound guidance [38]. Other studies
had also shown significantly better results with ultrasound-
guided steroid injections into joints for treatment of JIA in
easily palpable joints or complex joints [39—42]. In addition,
ultrasound-guided tendon sheath steroid injections were fre-
quently used to treat patients with JIA. The ankle, specifi-
cally the medial compartment, was the site most commonly
injected with ultrasound guidance in these patients [12]. In
addition to IACI, ultrasound had been used to guide joint
injection of infliximab in oligoarticular JIA to ensure safety
and potential clinical benefit of this treatment [43].

Ultrasound in monitoring treatment response in JIA

Because ultrasound can directly visualize the synovial pro-
liferation and joint effusion, it can be used for monitoring the
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response to treatment. Semi-quantitative scoring of disease
activity [44, 45] and more quantitative analyses of the vas-
cular activity by monitoring pixel colors [46] are available to
monitor response to treatment. Validity of using ultrasound in
managing synovitis has been reviewed by Collado et al. [29].

Whether ultrasound findings can be used to predict flares
for JIA in remission remains controversial. A number of
studies indicated that ultrasound-detected synovial abnor-
malities were frequent seen in clinically inactive juvenile
idiopathic arthritis [47], and these findings did not necessar-
ily predict a flare of synovitis [48—50]. In contrast, De Lucia
et al., in a 4-year study, showed that ultrasound abnormali-
ties at baseline were strong predictors of relapse. In addition,
irrespective of treatment, the risk of flare in ultrasound-pos-
itive patients was almost four times higher than those who
were ultrasound-negative [51]. Miotto et al. also reported
similar findings [52]. These contradictory findings are puz-
zling and may relate to different techniques and different
definition of “subclinical synovitis” [53]. The current cri-
teria for clinical remission of JIA do not include evaluation
by ultrasound, and further studies should be performed to
assess the true significance of ultrasound changes in relation
to JIA activity and remission.

Ultrasound in juvenile SLE

Musculoskeletal symptoms are common in pediatric SLE
and are associated with significant morbidity. In adults,
ultrasound, and MRI studies suggested that new approaches
to the diagnosis, classification, and evaluation of these
symptoms are needed [54]. Recently, a study revealed an
unexpectedly wide heterogeneity of pathologic ultrasound
findings in the joints and tendons of patients with SLE,
including synovial effusion, synovial hypertrophy, joint
dislocation, bone erosion, calcifications, cartilage dam-
age, tenosynovitis, tendon tear, and tendinitis/peritendinitis
[55]. Furthermore, there was poor to moderate association
between ultrasound abnormalities and disease activity indi-
ces and immunological findings [56]. However, comparing
articular manifestations of lupus vs mixed connective tissue
disease (MCTD) on ultrasound, the frequency and extent of
joint involvement was much higher in MCTD [57].

There are very few studies of MSUS in pediatric lupus.
Demirkaya et al. had noted effusions in the knee, ankle,
elbow, wrist, flexor, and extensor tendons in pediatric SLE
with 60% of the subjects having knee effusions [58]. Further
research and validation are needed in children to define the
role of ultrasound as an outcome measure for the musculo-
skeletal manifestations in pediatric SLE [59].

Using ultrasound to evaluate carotid intima-media thick-
ness (CIMT) as the surrogate markers of atherosclerosis has
been useful in identifying risk factors for atherosclerosis
[60]. Recent studies have corroborated that higher CIMT
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and carotid arterial stiffness in active and inactive pediatric
SLE may be early risk factors of atherosclerosis [61].

Ultrasound in juvenile myositis

Muscle and soft-tissue changes in myositis can take the
form of edema within and around muscles, fatty infiltra-
tion, subcutaneous reticulation, and calcification. Ultrasound
was used as early as 1988 to image muscles and abnormal
signals were noted in the 3/5 patients with dermatomyositis
[62]. There was gradual adaption of its use in this disor-
der [63]. Using quantitative muscle ultrasonography, stud-
ies had shown that muscle echo-intensity in patients with
juvenile dermatomyositis first increased then normalized
with successful therapy [64, 65]. In chronic myositis, the
muscle could appear hyperechoic with decreased thickness
due to fatty infiltration [66]. Recently, a study reported that
ultrasound could readily differentiate muscle involvement
from cellulitis and from deep venous thrombosis, the two
conditions that are most commonly confused with focal
myositis [67]. Thus, ultrasound could be used to diagnose
focal myositis due to its greater availability and lower cost
as compared to MRI. It could also guide aspiration of fluid/
abscess and/or muscle biopsy and for follow-up [68].

Use of ultrasonography in other rheumatic
conditions

Measuring skin thickness using ultrasound dated back to
the mid-1980s and had been very reproducible [69, 70]. Its
use in pediatric rheumatology had been adopted to evalu-
ate patients with localized scleroderma [71] in terms of (1)
tissue thickness, (2) tissue echogenicity, and (3) tissue vas-
cularity by color Doppler. It showed great promise in clini-
cal assessment of disease activity and a cooperative effort
had resulted in a standardized protocol for acquisition and
interpretation of ultrasound images for use in clinical and
research settings [72].

The use of ultrasound in assessing parotid gland pathology
in Sjogren syndrome had been ongoing in adult rheumatol-
ogy community. Studies had shown that salivary gland ultra-
sonography (SGUS) may be useful in evaluating the presence
of parotid gland involvement in patients with suspected or
established primary Sjogren’s syndrome [73, 74]. It could
also be used for monitoring response to therapy [75, 76].

Ultrasound features seen in Sjogren’s syndrome included
multiple hypoechoic areas, hyperechoic lines of spots, and
obscuration of gland configuration [77]. Scoring systems
were devised to semi-quantify the degree of salivary gland
involvement according to parenchyma homogeneity, echo-
genicity, gland size and posterior glandular border, presence
of degenerative changes, fibrosis, and calcification ranging
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from Grade O (normal salivary glands) to Grade 4 (diffuse
structural damage of the glandular parenchyma) [77-79].
The addition of Doppler to evaluate parotid gland vascularity
improved the sensitivity and accuracy of B-mode (greyscale)
ultrasound and in the diagnosis of Sjogren’s syndrome [80].

Ultrasonographic analysis of parotid gland is being
introduced into the field of pediatric rheumatology [81, 82].
However, these are mostly case reports and a systemic study
of this issue has not been done. As recurrent parotid swell-
ing in childhood are often seen by pediatric rheumatologists
due to concern for Sjorgren’s syndrome, a proper study is
urgently needed. Furthermore, since other diseases affecting
the parotid glands such as sialadenitis or infection can be
easily differentiate from juvenile Sjorgen’s, the use of SGUS
in pediatrics seems reasonable [83].

Novel ultrasound imaging technology in pediatric
rheumatology

There are various ultrasound techniques which have been
developed to augment the functionality of ultrasonography.
Of these, sonoelastography and CEUS are of particular
interest.

Sonoelastography is a novel quantitative ultrasound tech-
nique that provides additional information about soft tissue
elasticity. The two most frequently used elastography tech-
niques are strain (or compressive) elastography (SE) and
shear-wave elastography (SWE) [9]. SE analyses the strain
or displacement in response to freehand compression on the
transducer and shows the relative tissue elasticity within a
selected region of interest). SWE measures the compres-
sion of an automated pulse through the tissue and the shear-
wave velocity is a measure of the tissue elasticity. These
techniques complement the data acquired using gray-scale
(B-mode), power, and color Doppler ultrasound by quantify-
ing mechanical and elastic tissue properties [84].

Studies had been done using sonoelastography to char-
acterize a variety of tissues such as tendons, muscles,
and skins in children. Using SE, to evaluate juvenile der-
matomyositis, a group of investigators had found that it
only had a sensitivity of 40% and specificity of 67%. They
concluded that SE could not replace MRI as the imag-
ing standard for detecting myositis. But these investiga-
tors noted an association between abnormal ultrasound
elastography and increased muscle echogenicity and sug-
gested that SE elastography was capable of detecting mus-
cle derangement in patients with myositis [85]. However,
SE is subjective and a recent study in adults using the
more objective SWE, showed that it could detect abnormal
muscle stiffness which correlated with muscle weakness
and MRI signs of edema and atrophy in idiopathic inflam-
matory myopathy [86]. Thus, further study using SWE in
juvenile dermatomyositis is warranted.

In localized/systemic sclerosis, SWE has been used
to detect skin stiffness in different clinical stages and to
monitor disease severity and progression with high speci-
ficity, sensitivity and reliability [87, 88]. In Sjogren syn-
drome, SWE can provides further information compared
to B-mode ultrasound, for the evaluation of salivary gland
involvement. It was shown to be the most important tool,
next to histological examination, for identifying early stage
disease in primary Sjogren’s syndrome [89]. In tendono-
sis, there was good correlation between SE and histologic
evaluation as well as clinical markers of tendon pain and
dysfunction [90].

CEUS increases the ability of sonography to evaluate
tissue perfusion. During CEUS, a contrast agent con-
sisting of microbubbles, which are 1-5 pM in diameter
with a shell of lipids or protein and a core of inert gas of
perfluorocarbon or sulfur hexfluoride, is injected intrave-
nously. The microbubbles stay within the blood vessels
and interact with the ultrasound pulse to generate a sig-
nal. CEUS can provide better evaluation of inflammatory
arthritides in diagnosis, monitoring of disease progression,
and assessment of response to therapy when compared
with gray-scale ultrasound and power Doppler [91-93]. It
also has potential of evaluating the vessel wall abnormali-
ties and may be useful in managing vasculitic disorders
[94]. The disadvantage of this technique is that the contrast
needs to be injected and thus reduces it acceptability and
convenience in pediatric medicine.

In Takayasu arteritis (TA), CEUS could help clinicians
to monitor response to treatment. It could identify active
lesions in the carotid by visualizing neovascularization
as a consequence of arteritis even when erythrocyte sedi-
mentation rate and C-reaction protein improved with treat-
ment. Thus, CEUS can be used as an alternative method
to assess disease activity and treatment response for TA
patients [95, 96].

Because the microbubbles used in CEUS has the abil-
ity incorporate biologic molecules such as ligands for
endothelial cell surface molecules, it can be used to study
the molecules of interest in vivo. As an example, in a
murine model of inflammatory bowel disease, targeted
CEUS imaging enabled noninvasive in vivo quantifica-
tion and monitoring of P-selectin expression in inflam-
mation [97].

Conclusions

Ultrasound is likely to play an increasing role in the diag-
nosis and disease monitoring in children with rheumato-
logic disorders. It has many advantages over other imaging
modalities including low cost, easy accessibility, real-time
assessment, non-invasiveness and obviates the need for
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sedation. Conventional and novel ultrasound imaging tech-
niques continue to improve and show great promise in clini-
cal medicine. However, as it is a relatively new approach in
pediatric rheumatology, more work on the standardization
and validation of ultrasound use in healthy children and in
patients with rheumatic diseases are needed. In addition,
further research and educational efforts are required for inte-
grating ultrasound into routine clinical practice.
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