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Abstract

Purpose of Review This review aims to provide an update on
the use of imaging in the assessment of juvenile
spondyloarthritis (JSpA) disease manifestations.

Recent Findings Recent studies have demonstrated superior
reliability and specificity of MRI for assessment of sacroiliac
joint inflammation compared with radiography. The use of gad-
olinium contrast may not add incremental value to the assess-
ment of inflammatory sacroiliitis. Sacroiliitis is common at di-
agnosis of spondyloarthritis. Inflammatory changes of the lum-
bar spine are not uncommon, and changes over time in the
sacroiliac and apophyseal joints may not be concordant.
Ultrasonography (US) in turn has been recognized as an excel-
lent imaging technique to visualize the peripheral manifestations
of JSpA. US does not only add important information to the
clinical assessment but also helps to understand the complexity
of the enthesis. Recognition of specific aspects in children is
important though. The standardization of image acquisition as
well as the establishment of the evidence base are underway.
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Summary MRI and ultrasonography are recognized as in-
creasingly important tools in the diagnosis and management
of juvenile spondyloarthritis.
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Introduction

Spondyloarthritis is a category of juvenile arthritis that encom-
passes a group of heterogeneous conditions characterized by
arthritis, enthesitis (inflammation at tendon insertions), psori-
asis, inflammatory bowel disease, acute symptomatic uveitis,
and HLA-B27 positivity. The presence of enthesitis, axial
(spine or sacroiliac) arthritis, and symptomatic uveitis distin-
guishes spondyloarthritis from other categories of juvenile
arthritis. This article provides an update regarding the use of
imaging for assessment of juvenile spondyloarthritis disease
manifestations and disease activity. Magnetic resonance im-
aging (MRI) and ultrasonography including Doppler have in-
creasingly important roles in the assessment of axial and pe-
ripheral disease manifestations, respectively.

Classification

Juvenile arthritis is the most common rheumatic condition of
childhood, affecting 3—4/1000 children [1]. Spondyloarthritis
accounts for 10—15 % of juvenile arthritis cases in North
America and Europe, and it is the most common category of
juvenile arthritis in Asia [2—7]. The International League of
Associations for Rheumatology (ILAR) criteria defines seven
mutually exclusive categories of arthritis [8]. Under this
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terminology, most children with spondyloarthritis are classi-
fied as enthesitis-related arthritis, psoriatic arthritis, and undif-
ferentiated arthritis. Conditions traditionally considered under
the spondyloarthritis umbrella term that are not specifically
considered under the ILAR schema include reactive arthritis,
inflammatory bowel disease-related arthropathy, and juvenile
ankylosing spondylitis (e.g., isolated sacroiliitis). In addition
to the ILAR criteria, the European Spondyloarthropathy Study
group (ESSG) [9] and Amor [10] criteria for spondyloarthritis
are sometimes also applied to children, though they were de-
veloped for use in adults.

Clinical Manifestations

The defining characteristics of spondyloarthritis include male
predominance, HLA-B27 positivity, axial arthritis, enthesitis,
and painful uveitis. Peak age of onset is early adolescence.
The most commonly affected joints are weight-bearing joints
including the knees, ankles, and sacroiliac joints [11]. The
small joints of the hands and feet are affected in fewer than
10 % of children [11]. Midfoot arthritis is highly suggestive of
spondyloarthritis. The majority of children have oligoarticular
involvement (<5 joints). Sacroiliitis affects one third to one
half of children within several years of disease onset [12—15].
Prevalence of reported sacroiliitis is highly dependent upon
the criteria used to define sacroiliitis (clinical, radiographic, or
MRI). In one study of unselected children with juvenile
spondyloarthritis, 20 % had sacroiliitis, using the
Assessment of Spondyloarthritis International Society
(ASAS) MRI definitions for active sacroiliitis, within
6 months of diagnosis [16¢]. In another study of prevalent
disease, more than one third of children had clinical or imag-
ing evidence of sacroiliitis [ 13]. In this study, children with hip
arthritis had increased odds of having sacroiliitis (OR, 11.5).

Most children with spondyloarthritis have at least one ten-
der enthesis. In a prospective study of children newly diag-
nosed ERA, more than half of children reported pain at six or
more entheses [17]. Tenderness was most frequent at the in-
sertions of the patellar ligament and quadriceps on the patella.
More than half of children in this study also had enthesitis
detectable by ultrasound with Doppler, as defined by the
Outcomes Measures in Rheumatology (OMERACT) criteria
[18¢]. In a study of children with prevalent disease, more than
80 % of children had enthesitis by ultrasound with Doppler,
13 % of which demonstrated chronic changes (enthesophytes,
erosion, calcification) [19]. The most frequently affected sites
were the insertions of the infrapatellar tendon on the tibial
tuberosity, Achilles, and quadriceps.

In contrast to ocular inflammation observed in other cate-
gories of juvenile arthritis, uveitis in spondyloarthritis is char-
acteristically painful, red, and recurrent. An estimated 7 % of
children with ERA develop uveitis [20]. HLA-B27 positivity
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is significantly associated with development of uveitis [21].
Screening for uveitis is recommended at a minimum interval
of every 12 months. Children with psoriatic arthritis, however,
tend to have asymptomatic uveitis that can only be diagnosed
through routine ophthalmic screening, recommended at either
3 or 6 months intervals depending on age and antinuclear
antibody (ANA) status. The risk of developing uveitis in pso-
riatic arthritis increases in those with disease onset at before
age 7 and ANA positivity [20].

Imaging Evaluation of Axial Disease
Sacroiliac Joint

The sacroiliac joint is a diarthroidal joint between the sacrum
and the ilium. In the lower ventral part, the sacral surface is
covered with hyaline cartilage while the iliac surface is covered
with a thin layer of fibrocartilage. The upper dorsal part is a
syndesmosis or fibrous joint in which the bone surfaces are
supported by numerous interosseous ligaments. Bony defects
most often appear first on the iliac joint margin as the iliac
cartilage is thinner as compared with the sacral side [22]. The
inferior third of the joint resembles a synovial joint with syno-
vial lining [23]. The transition zone between the proximal 2/3
of the joint and the distal third is characterized by vascular
connective tissue and cartilage and subchondral defects [23].
There are several extrinsic liagments that contribute to the sta-
bility of the joint and include the ventral and dorsal sacroiliac,
sacrospinous and sacrotuberous, and iliolumbar ligaments [22].

Imaging Technique

MRI is recognized as an increasingly important tool to aid in
the diagnosis and management of axial disease in juvenile
arthritis. MRI is established as a sensitive imaging modality
for detection of synovitis as well as cartilage and bone destruc-
tion. MRI has distinct advantages over radiographs for the
assessment of axial disease, since bone marrow edema on
fluid-sensitive MRI sequences may be visible years prior to
radiographic change (Fig. 1). Despite these advantages, radio-
graphs remain the gold standard for diagnosis of ankylosing
spondylitis and are required prior to MRI authorization by
many insurance companies in the USA. In a study by
Jaremko et al., the reliability and specificity of MRI of the
pediatric sacroiliac joint were superior to conventional radiog-
raphy [24¢]. Reliability of global diagnosis on MRI was ex-
cellent (x = 0.8) and while reliability for radiographs was poor
(k=0.3). Authors of this study suggested that MRI should
replace conventional radiography in the evaluation of
suspected inflammatory sacroiliac disease.

Until recently, the utility of intravenous MRI gadolinium
contrast for the evaluation of suspected inflammatory
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Fig. 1 MRI versus radiographs. Sixteen-year-old boy with JSpA, HLA-
B27 positive. a AP radiograph of the pelvis demonstrates normal
sacroiliac joints without evidence of sclerosis, erosions, joint space
widening, or ankylosis. b Coronal oblique STIR image and ¢ axial
oblique T2-weighted fat-saturated image of the sacroiliac joints

sacroiliitis had not been examined and the use of gadolinium
was common. In a study by Weiss et al., the sensitivity and
specificity of fluid-sensitive (non-contrast) MRI sequences to
detect periarticular bone marrow edema were near perfect,
using the study that included post-contrast sequences as the
reference standard (Fig. 2) [25¢]. This study affirmed that the
use of gadolinium contrast was not necessary and that its use
added unnecessary cost and risk. These findings were con-
firmed by a subsequent European study by Herregods et al.
[26¢]. Use of gadolinium contrast for imaging of the sacroiliac
joints should be reserved for when the differential diagnosis
includes etiologies such as infection or tumor, in which case
contrast enhancement may be helpful. Recommended se-
quences for routine imaging of the sacroiliac joint with dedi-
cated MR in children have been published and include: coro-
nal oblique (parallel to the long axis of the sacrum) T1-
weighted and short tau inversion recovery (STIR), axial
oblique (perpendicular to the long axis of the sacrum) T2-
weighted fat-saturated, large field-of-view coronal T2-
weighted fat-saturated images of the entire pelvis [25¢].
Large field-of-view pelvic imaging allows for depiction of
pelvic and hip enthesitis as well as hip effusions.

demonstrates bilateral sacroiliitis with bone marrow edema seen along
the sacral and iliac aspects of the both joints (arrows). d Coronal
oblique T1-weighted image shows corresponding low signal in regions
of bone marrow edema without evidence of structural damage

Lesions indicative of active inflammation are best seen on
fluid-sensitive sequences including T2-weighted fat saturated
and STIR. Bone marrow edema is essential for defining
sacroiliitis according to the ASAS/OMERACT task force
[27]. Bone marrow edema is defined as hyperintense signal
on fluid-sensitive sequences (T2-weighted fat saturated or
STIR). On T1-weighted sequences, marrow edema has corre-
sponding hypointensity (Fig. 3). Other features of active
sacroiliitis may include capsulitis, synovitis, enthesitis, and ef-
fusion; the presence of any of these features in the absence of
bone marrow edema is not sufficient to define active sacroiliitis.
Chronic lesions of the sacroiliac joints are best-visualized used
T1-weighted sequences. Chronic lesions that may be seen in
the pediatric population include erosion, sclerosis, fat metapla-
sia, backfill, and ankylosis. It is important to note that all lesions
with the exception of synovitis can be adequately assessed with
non-contrast MRI. In order to evaluate for active synovitis, [V
gadolinium contrast must be administered.

Evaluating the sacroiliac joints in children is challenging
due to the age-dependent developmental changes that occur.
The sacrum develops from segmental apophyses that become
progressively ossified from age 9 to 16 years [22]. This process
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Fig. 2 Use of fluid sensitive images (STIR) versus contrast-enhanced
images. Six-year-old girl with jSpA, HLA-B27 positive. a Coronal
oblique STIR image demonstrates periarticular bone marrow edema
within the left sacrum and adjacent ilium (solid arrows). There is
edema adjacent to the capsule (dashed arrow). On the coronal oblique
T1-weighted post-contrast image (b), there is corresponding

occurs earlier in girls than boys. Apophyseal fusion occurs
between the ages of 16 and 20 years [28]. The lateral apophyses
of the sacral wings in skeletal immature children contain carti-
laginous margins that demonstrate cartilaginous signal which is
relatively hyperintense compared with the adjacent bone and
can be misinterpreted as bone marrow edema on MRI fluid-
sensitive sequences [28] (Fig. 4). The use of diffusion weighted
imaging may be a way to improve reliability of imaging inter-
pretation. Vendhan et al. demonstrated that there was increased
diffusion in children with inflammatory sacroiliitis versus con-
trols and that diffusion scores correlated well with STIR [29¢].
The incremental value of diffusion sequences over standard
MRI imaging protocols has yet to be tested.

Whole body MRI has been used as an outcome in a clinical
trial of adults with spondyloarthritis [30]. The advantage of
whole body MRI over dedicated pelvic MRI is the ability to

enhancement of regions of bone marrow edema (solid arrows) and
capsulitis (dashed arrow) in a similar pattern to the STIR image. There
is mild synovitis within the inferior aspect of the left sacroiliac joint
(arrowhead) which can only be characterized on post-gadolinium
imaging. Bilateral iliac bone sclerosis is noted (asterisk)

assess the full range of affected entheses and joints. The dis-
advantage of this technique for imaging of the axial joints is
that the number of slices through the region is fewer and
lesions may be missed. There is limited data on the utility of
whole body MRI in children with spondyloarthritis but a pe-
diatric protocol has been published [31¢]. Preliminary data in
children suggest that whole body MRI is more sensitive than
clinical examination for detection of arthritis [32, 33].

MRI Evaluation of Axial Involvement

Weiss et al. used MRI in an unselected group of children
with spondyloarthritis to assess the prevalence of
sacroiliitis at disease onset. Of the 40 children included
in this prospective study, 20 % had active sacroiliitis de-
tectable on MR imaging within 6 months of diagnosis

Fig.3 Fifteen-year-old boy, HLA-B27 positive, with active sacroiliitis. a
Coronal oblique STIR image of the superior aspect of the sacroiliac joints
demonstrates bone marrow edema along the sacral and iliac aspects of
both joints (arrows) consistent with active inflammation. b Coronal
oblique T1-weighted image shows abnormal high signal along the
periarticular surface of both joints (dashed arrows) consistent with
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backfill. ¢ Coronal oblique T1-weighted image slightly more dorsal dem-
onstrates bilateral iliac bone erosions (arrows). d Coronal T2-
weighted fat-saturated image of the entire pelvis shows bilateral hip
enthesitis with soft tissue edema at the tendon insertions (arrows) and
accompanying bone marrow edema
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Fig. 4 Normal findings in the maturing pelvis. Coronal oblique STIR
image of the sacroiliac joints in a healthy 9-year-old girl. The normal
sacral apophyseal cartilage (arrows) demonstrates increased signal inten-
sity compared with the adjacent bone marrow (asterisk). The cartilage
signal appears symmetric and fairly uniform in thickness along both joints

[16°]. Children with elevated inflammatory markers and
HLA-B27 positivity had the highest predicted probability
of having sacroiliitis. The majority of those with active
inflammatory lesions also had evidence of erosion or scle-
rosis, suggesting that the disease was long-standing or
rapidly progressive. Only 1/3 of the children had back
pain, suggesting that clinicians must maintain a high sus-
picion for sacroiliitis in this population. Children with an
elevated C-reactive protein and HLA-B27 positivity had
the highest predicted probability of having sacroiliitis. In
a study of children with prevalent disease (median disease
duration 15 months), 30 % of children with enthesitis-
related arthritis developed both inflammatory back pain
and MRI findings of active sacroiliitis [15]. In this cohort,
higher active joint tender entheses counts at disease onset
were significantly associated with sacroiliitis.

Vendhan et al. evaluated utility of MRI with contrast to
assess inflammatory spinal lesions in children [34¢]. Synovitis
of at least one apophyseal joint was identified in 38 % of chil-
dren, and end-plate edema was present in 7 %. Sacroiliitis was
present in the majority of children with spinal lesions. In a
subsequent retrospective study of 31 children with enthesitis-
related arthritis who underwent at least two MRIs for clinical
suspicion of axial disease, it was rare for there to be apophyseal
joint inflammation in the absence of sacroiliitis [35¢]. At initial
scan, 90 % had sacroiliitis, 68 % had sacroiliitis and apophyseal
joint inflammation, and 6 % (two patients) had apophyseal joint
inflammation in the absence of sacroiliitis. Interestingly, serial
imaging revealed that inflammatory changes over time in the
sacroiliac and apophyseal joints were concordant in only ap-
proximately one third of cases.

MRI is also useful to assess pelvic enthesitis. In one
study, 16 % of children who underwent pelvic MRI for
suspected sacroiliitis had pelvic enthesitis [36°]. The most
common sites were the entheses around the hip and the
retroarticular interosseous ligaments. Three quarters of
children with pelvic enthesitis also had sacroiliitis. In

several children, the presence of enthesitis on MRI would
have enabled them to fulfill ILAR ERA criteria. In a
cross-sectional study that used whole-body MRI, the most
common site of enthesitis was the insertion of the hip
extensor at the greater trochanter [32]. In a prospective
study of unselected children with a new diagnosis of ju-
venile spondyloarthritis, 7/40 (18 %) had hip enthesitis
and 1/40 had sacroiliac enthesitis; of those with enthesitis,
all but one had concomitant sacroiliitis [16¢]. In another
study of 11 children with inflammatory back pain for ap-
proximately 1 year, all had findings consistent with pelvic
enthesitis [37]. The most common sites were the symphy-
sis pubis (82 %) and hip trochanters (55 %).

Imaging Evaluation of Peripheral Disease
Enthesis

The enthesis is a relatively complex structure consisting of
several components including the tendon itself, various por-
tions of fibrocartilage, sub-tendinous bursae, fat, and the in-
sertion of tendon fibers into bone through fibrocartilage [38]
(Fig. 5). Histologic and molecular analyses suggest that all of
these components may play important and distinct roles in the
pathogenesis of enthesitis [38, 39] extending the view of the
enthesis from a simple insertion of tendon fibers into bone to
an entire “enthesis organ.” As all of these structures can be
shown very well with ultrasonography [40] (Fig. 5), new and
exciting opportunities are opening up for a better understand-
ing of the enthesis in health and disease.

Imaging Technique

Whereas MRI plays a very important role in the imaging of
the axial skeleton, most peripheral joints and the enthesis in
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Fig. 5 The enthesis-organ-complex. Schematic (/eft) and
ultrasonographic (right) details of the various structures forming the
enthesis
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particular are very accessible for ultrasonography and can be
reliably imaged using this technique [41-44].
Ultrasonography has distinct advantages over MRI being
much less costly and time consuming [45]. In addition, it
has a superior spatial resolution which is especially important
in the assessment of smaller entheses like those of the extensor
tendons and collateral ligaments of the fingers (Fig. 6).
Visualization of these structures has enhanced our understand-
ing of the complexity of the musculoskeletal system in these
areas including the associated pathology, for example, in
dactylitis [46]. The functional assessment at variable angles
of'the tendon insertion might offer unique advantages to detect
pathology. This also applies to secondary damage, for exam-
ple, (partial) tendon rupture, which can be detected most reli-
ably by putting different degrees of tension on the tendon.
Several entheses can be assessed at the same time, and the
exam can also be conducted in younger children without the
need for sedation. [17]. The real-time imaging capabilities
enable the examiner to directly correlate imaging and clinical
findings and also to demonstrate findings to the patient and
parents. Finally, the lack of ionizing radiation is particularly
important in children.

Imaging Characteristics of the Enthesis Tendon Complex

Normal tendons have a very regular, echogenic, fibrillar ap-
pearance on ultrasound. This results from the arrangement of
the tendon fascicles formed by the tendon fibers (Fig. 7). On the
basic molecular level, collagen molecules aggregate into mi-
crofibrils and then into collagen fibrils [47]. A number of col-
lagen fibrils form a collagen fiber, which is the basic unit of a
tendon. Within collagen fibers, the structure is much less regu-
lar than at the level of the fascicles. The fibrils are oriented
longitudinally, transversely, and horizontally allowing adapta-
tion to the various mechanical requirements of the tendon at
various angles. Several collagen fibers form a primary fiber
bundle (subfascicle), and a group of primary fiber bundles
forms a secondary fiber bundle or fascicle. A group of fascicles
forms a tertiary bundle, and the tertiary bundles make up the
tendon surrounded by the epitenon. The fascicles represent the
very regular structure of the tendon seen on ultrasonography.

e ———— e s

-
collateral
ligament

Fig. 6 Collateral ligaments and sagittal band at the level of the PIP joint.
Ultrasonographic image showing the sagital band as well as the collateral
ligaments including the entheses in a longitudinal view along a PIP joint
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Fig. 7 Regular tendon structure on ultrasonography and anisotropy.
Longitudinal view of a peroneus tendon running along the fibula and
showing the very regular fibrillar pattern of a tendon on
ultrasonography. At the right side of the image, the tendon turns very
dark due to a change of direction and the occurrence of anisotropy
(white arrows). This artifact should not be mistaken for pathology. The
bone of the fibula does show an interruption representing the growth plate
with the subsequent bone representing the epiphysis

Many tendons are surrounded by connective tissue called
paratenon (for example, the Achilles tendon) providing an
elastic sleeve for the tendon [47]. The paratenon is lined on
its inner surface by synovial cells [47—49]. Other tendons have
synovial sheaths [47]. Under a fibrous layer two thin and
serous sheets, the parietal and visceral sheet, are found and
they are lined with synovial cells as well.

Fluid within the synovial sheath appears as an anechoic halo
surrounding the tendon while synovial thickening appears as a
hypoechoic thickening around the tendon. Fluid accumulating
in the paratenon can also be shown as a thin anechoic structure
surrounding the tendon. Vascular anatomy can be assessed by
Doppler. Synovial hyperemia, for example, leads to increased
Doppler signals in the tendon sheath. Increased blood flow can
also be demonstrated by Doppler sonography in the
peritendinous area of tendons having a paratenon.

As the tendon inserts into bone, it will transition through a
layer of fibrocartilage, which has essential mechanical func-
tions of stress dissipation [38, 39]. The fibrocartilage can be
visualized as a thin anechoic layer between the tendon fibers
and the echoic surface of the bone [40] (Fig. 5). Other relevant
structures of the entheseal complex that can be seen on ultra-
sonography are subtendinous fat pads (Fig. 5) as well as bur-
sae surrounding the enthesis which are often not visible in
healthy conditions but will appear as hypoechoic structures
with increasing dimensions in the case of bursitis.

Technical Aspects

Due to the superficial location of most entheses, high-
frequency transducers are typically being used in B-mode
[18<]. With regard to Doppler imaging, low flow settings with
a low pulse-repetition frequency and low wall filter are pre-
ferred in order to maximize sensitivity [18¢]. The Doppler box
as well as the gain need to be adjusted to allow maximum
sensitivity without creating artifacts. It is important to avoid
Doppler artifacts which will especially occur close to the bone
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cortex as they can easily be misinterpreted as signals sugges-
tive of enthesitis. Tendons, due to the very regular structure of
their fascicles, are prone to an artifact called “anisotropy”
(Fig. 7). This can be avoided by changing the angle of the
probe relative to the tendon during the exam in order to visu-
alize all areas of the tendon correctly and not to misinterpret
areas of anisotropy as pathologic.

Several other factors will influence findings as well. For
example, in adult runners with asymptomatic knees, a high
percentage showed fluid accumulation around the iliotibial
band [50¢]. These findings were very position dependent.
When examined in full extension with the subject supine, fluid
was seen in 67.5 % of knees (n = 40) compared with 95 % of
the knees when standing. When examined in 30° of flexion,
the presence of fluid decreased to 30 % when supine and
22.5 9% when standing. With regard to Doppler signals at the
enthesis, it has also been known for some time that in addition
to the joint position [51], the time of the day as well as the
activity level preceding the assessment will influence Doppler
findings in particular. This as well as the inherent dependence
of ultrasonography on the operator has led to concerns about
the reliability of ultrasound assessments. Pediatric data are
limited at this point, but several studies on the pediatric
enthesis have included interrater reliability assessments with
good results [17, 52, 5354+, 55¢]. These assessments have
nevertheless not determined the reliability of assessing the
same healthy control person or patient by various
sonographers on the same day or assessing the same person
at different time points. One pediatric study has assessed the
same enthesis in healthy children at different degrees of flex-
ion of the associated joint [54¢]. The authors did not find a
consistent pattern of sensitivity for Doppler signals associated
with either the neutral position of the joint (relaxed tendon) or
a flexed position of the joint (tendon under tension). More data
on these latter aspects especially in children and adolescents
will be desirable in order to validate ultrasonography of the
enthesis further. In the clinical setting, as well as for research,
it is probably important to assess entheses at various positions
and to interpret pathologic findings on the background of
findings in healthy children and adolescents at various ages.

Pediatric Enthesis

Knowledge of entheseal development in children as well as
consideration of vascularization is important in order to differ-
entiate pathologic from normal findings. From an imaging point
of view, it is also important to remember that depending on the
age of the child, a significant part of what later becomes the
osseous insertion is still composed of hyaline cartilage as well
as fibrocartilage and will therefore appear hypo- or anechoic on
ultrasonography (US; illustrated schematically in Fig. 8). There
are no detailed sono-anatomic descriptions for all regions, but,
for example, the development of the Achilles tendon insertion

Epiphysis

Cartilage

Muscle

Fibrocartilage

Apophysis
Muscle

Fibrocartilage

Bone

Muscle

Fig. 8 Schematic depiction of the enthesis in children. The three
consecutive schemas show the enthesis into cartilage in the young child
(top image), the insertion into cartilage through fibrocartilage with the
formation of epiphyseal, as well as apophyseal ossification centers in the
older child (middle image) and the mature situation with insertion of the
tendon into bone through fibrocartilage (bottom image)

has nicely been described by Fornage and Grechenig as fol-
lows: (1) from 2 months to 3 years, no ossification of the sec-
ondary center of calcaneus is visible, (2) from 4 to 6 years, early
signs of the secondary ossification center appear, (3) from 7 to
11 years, the posterior bony contour of the primary ossification
center of the calcaneus has got a wavy appearance, and (4) from
12 to 18 years, the secondary ossification center then appears
and full ossification of the apophyseal cartilage occurs [56, 57].
Ogden has published a series of anatomic studies on ossifica-
tion including entheseal/apophyseal sites which can serve as a
reference to understand progression of ossification and correlate
it with the sonographic images [58—61].

It is equally important to recognize physiologic blood flow
which can be shown on Doppler sonography. In the case of the
tendon and its enthesis, blood flow will occur within the cartilage
into which the tendon inserts [52], along the tendon (peri-
tendinous blood flow) as well as inside the tendon itself at var-
ious distances from its insertion (intra-entheseal vascularity)
[55¢]. In healthy children, intra-entheseal vascularity was shown
in the very young children, mostly in the quadriceps tendon
(12 %, 7 out of 60 children) and mostly of a mild degree with
only two of the seven children reporting tenderness in the area.
There were no findings in any Achilles, patellar, plantar, or el-
bow tendons [55¢]. Peri-tendinous blood flow in contrast was
found mostly in the middle age group, 3.3 % (2/60) of patellar
entheses, 6.7 % (4/60) of quadriceps entheses, and 1.7 % (1/60)
of the common flexor tendon were positive all of them with mild
vascularity and none of them tender on examination [55¢].
Another publication only found Doppler signals within the car-
tilage in the younger children [52]. In contrast, Roth and diGeso
have shown intra-entheseal Doppler signals in up to 20 % of
children in a 12—14-year age group within 2 mm of the enthesis
of the quadriceps and distal patella tendon insertion [54¢]. No
signals were seen at the insertion of the proximal patella tendon
and the Achilles tendon, and the findings were independent of
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the degree of flexion of the knee joint [54¢]. Almost all of the
signals were mild but some, especially at the quadriceps inser-
tion, were actually more significant.

All of these findings illustrate the need to interpret Doppler
signals carefully in terms of their precise location and also to
distinguish various entheses in terms of their sensitivity versus
specificity for Doppler findings. These might need to be differ-
entiated further according to various age groups. More date on
healthy children is clearly needed but even at the present time
ultrasonography can be used reliably in patients when exerting
caution in not over-interpreting mild signals and considering
the possibility of physiologic signals especially in regions like
the quadriceps insertion and the tibial tuberosity. Studies com-
paring patients and healthy controls [17, 53] have shown that
Doppler findings are much more prevalent in patients. In addi-
tion, ultrasonography is often most helpful in the context of the
clinical history and exam and also has great value in longitudi-
nal assessments. At times, the isolated interpretation of a cross-
sectional ultrasound exam out of the clinical context might not
be enough to come to a meaningful conclusion.

Apophysitis
Traction apophysitis is a term used to describe the occurrence

of insertional tendinopathy at an apophyseal site and possible
avulsion of osteochondral fragments [61]. It needs to be

Fig. 9 Ultrasound images of enthesitis-related JIA before and after
treatment. Images showing findings in a 10-year-old patient with
enthesitis-related JIA with increased Doppler signals at the quadriceps
insertion pre-treatment (top left) as well as proximal patella tendon
insertion pre-treatment (fop right) as well as post-treatment for the

@ Springer

differentiated from enthesitis as a manifestation of jSpA.
The most common examples are Osgood-Schlatter’s disease
at the site of the patellar tendon’s insertion into the proximal
tibia and Sever’s disease at the insertion of the Achilles tendon
into the calcaneus. The inflammation and injury result from
chronic repetitive traction exceeding the resistance to tensile
forces at the insertion site of the tendon. It will typically occur
during a period of rapid growth, especially in physically very
active children. This period coincides with the ossification of
the previously cartilaginous insertion of the tendon. The dif-
ferentiation of apophysitis from enthesitis as in enthesitis-
related arthritis can be achieved through history and clinical
exam as well as the imaging characteristics.

Apophysitis tends to present more in single locations
and in characteristic age groups (Severs disease around
the age of 10 in contrast to Osgood Schlatters around
the age of 13—15). Symptomatology will be worse with
exercise as opposed to the morning symptomatology in
enthesitis-related arthritis. ERA will often involve multi-
ple locations and include synovitis as well. Finally, the
fragmentation of the apophyseal bone is a feature seen
more with apophysitis than with ERA. The two conditions
are another excellent example of how ultrasound imaging
can provide a very detailed assessment enhancing the
clinical assessment but at the same time becomes most
powerful when interpreted in light of clinical findings.

Patella \€artilage

quadriceps tendon (bottom left) and proximal patella tendon (bottom
right). Note the persistence of some Doppler signals in the quadriceps
tendon post-treatment which may well be physiologic whereas signals in
the proximal patella tendon disappear completely
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In adults, a significant amount of work on the ultrasound im-
aging of the enthesis has been completed by various authors
and the Outcome Measures in Rheumatology (OMERACT)
group [18+, 62—-66]. The main entheseal abnormalities that
can be detected by US include tendon edema, loss of fibrillar
echotexture, tendon thickening, tendon tear, calcifications,
bone erosions, enthesophytes, adjacent bursitis, and increased
blood perfusion (intraentheseal and/or perientheseal).
OMERACT defines enthesopathy on ultrasonography as an
“abnormally hypoechoic (loss of normal fibrillar architecture)
and/or thickened tendon or ligament at its bony attachment that
may occasionally contain hyperechoic foci consistent with cal-
cification, that should be assessed in 2 perpendicular planes and
may exhibit Doppler signal, and/or bony changes including
enthesophytes, erosion, or irregularity” [62]. Scoring systems
have been established with the Glasgow Ultrasound Enthesitis
Scoring System (GUESS) and the Madrid Sonographic
Enthesis Index (MASEI) [63, 66]. In an OMERACT interrater
exercise, the interobserver reliability was highest with a kappa
of 0.63 for Doppler signals near the bony cortex [18¢].

Entheseal inflammation can be asymptomatic and may be
overlooked on clinical examination. In a study of 35 adult
patients with SpA, clinical examination identified enthesitis
in 22 % (75/348) of sites as compared with 56 % (195/348)
of sites on ultrasound examination [63]. Similar data have
been reported in pediatric studies demonstrating Doppler sig-
nals in a high percentage of asymptomatic entheseal sites.
Weiss et al. [17] found that US-confirmed enthesitis is com-
mon in children with ERA, particularly at the insertions of the
quadriceps, the common extensor and the Achilles tendons.

It is important to note that no uniform definition for the
diagnosis and grading of enthesitis in children exists in ultraso-
nography. Secondary changes (calcifications, enthesophytes)
have been observed much less in children compared with adults
[17, 53]. The specificity of Doppler signals close to the enthesis
for spondylarthritis is not uniform either. Signals at the enthesis
<2 mm of the bony cortex are thought to be very specific for
spondylarthropathies [67] but can be observed in sports’ lesions
as well. The careful interpretation of findings in the clinical
context and the differentiation of various entheses therefore
seems to be mandatory [54¢]. For example, the quadriceps
and distal patella tendon insertion may not be as specific than
other sites for findings of enthesitis especially when it comes to
Doppler ultrasonography [54¢] (Fig. 9). Further work is needed
in order to precisely define the various grades on semiquanti-
tative scoring methods as well as the definition of a threshold
suggesting pathologic Doppler signals.

Another way to avoid some of the dilemmas of cross-
sectional assessments is to use Doppler sonography in longi-
tudinal assessments. Tse and colleagues [68] demonstrated the
ability of color Doppler sonography to show improvement in

increased vascularity at the cortical bone insertion of enthesis
and along the adjacent synovium in children with enthesitis-
related arthritis. Longitudinal studies on adult patients with
SpA have also highlighted the role of the perientheseal struc-
tures by showing excellent responsiveness of imaging find-
ings following treatment [64]. These structures, which are
very important demonstrating the complexity of the enthesis
organ (detailed above), should therefore be part of the assess-
ment both for diagnosis as well as therapeutic monitoring and
will add further value to the addition of ultrasound imaging as
they cannot be assessed in detail on clinical exam.

Recent publications have also demonstrated the value of
assessing entheses which are less commonly studied. For exam-
ple, Fasth et al. have published a detailed assessment of the
proximal gluteal enthesis carefully distinguishing findings in
healthy children from pathology in order to allow a reliable
assessment with ultrasonography [69]. This publication provides
an excellent blue print on how to study a pediatric enthesis
including blood flow at various ages in health and disease.

Conclusions

MRI and ultrasonography have already enhanced our under-
standing of pathologic processes in jSpA tremendously and
provide a more comprehensive assessment than the clinical
exam alone.

More studies on healthy children as well as prospective
trials on patients will nevertheless be beneficial to provide a
solid evidence base for its use. In ultrasonography, further
standardization including the development of pediatric scor-
ing systems for B-mode and Doppler findings will be impor-
tant next steps.
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