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Abstract

Purpose To provide an overview of recent studies on pathogenesis, diagnosis, and management of juvenile spondyloarthritis
(JSpA).

Recent Findings Recent studies show differences in gut microbiome in patients with JSpA in comparison to healthy controls.
There is increased recognition of the impact of the innate immune system on disease pathology. Normative reference on MRI of
sacroiliac (SI) joints in children is now available. However, there is significant variability in interpretation of MRI of SI joints in
children and a need for standardization. NSAIDs, physical therapy, and Tumor Necrosis Factor Inhibitors (TNFi) remain the
mainstay of management for patients with JIA who have polyarthritis, sacroiliitis, and/or enthesitis as per recent ACR guidelines.
Newer therapeutic options beyond TNFi are needed to manage patients who fail TNFi.

Summary This review highlights some of the recent advances in our knowledge of JSpA pathophysiology, diagnosis, and
treatment. It also identifies areas in need of further research and standardization to improve our understanding and outcomes
in JSpA.

Keywords Enthesitis related arthritis - Juvenile Idiopathic Arthritis - Juvenile Psoriatic Arthritis - Pathogenesis - Diagnostic
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Introduction

Juvenile Spondyloarthritis (JSpA) is the pediatric counter-
part of adult spondyloarthritis (SpA). However, there is a
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huge gulf between the classification system of adult arthri-
tis and juvenile arthritis [1]. The differences in nomencla-
ture lead to confusion and hinders both research and clin-
ical care. There is new push to consider juvenile arthritis
on a continuum with adult arthritis [1]. This issue is most
relevant in JSpA where it is well known that many children
have continued disease activity into adulthood [2]. Patients
who develop chronic arthritis before their 16™ birthday are
considered to have juvenile idiopathic arthritis (JIA). The
current classification system is the one established by the
International League of Associations for Rheumatology
(ILAR) in 2004 where patients with JIA are separated into
7 subcategories [3]. Of these, the subcategories of
enthesitis related arthritis, psoriatic arthritis, and undiffer-
entiated arthritis are considered to fall under the umbrella
of JSpA [3]. Further, patients who satisfy modified New
York criteria for ankylosing spondylitis (AS) and undiffer-
entiated arthritis by European Spondyloarthropathy Study
Group (ESSG) or Amor criteria before age 16 are also
considered to have JSpA [4-6]. While patients with JSpA
have several similarities with adult spondyloarthritis in
terms of presence of enthesitis and axial involvement, im-
portant distinctions exist. For example, children with JSpA
can have sacroiliitis in the absence of inflammatory back
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pain and present with peripheral joint involvement [7, 8].
Very young children with psoriatic arthritis behave more
like oligoarticular JIA than spondyloarthritis [9, 10]. There
is wide variability in prevalence of JSpA ranging from 10—
30% of juvenile idiopathic arthritis based on geographic
area [11-14]. Patients with JSpA, particularly those with
a prominent enthesitis component, tend to have worse
quality of life, function, and pain [15, 16]. While tumor
necrosis factor inhibitors (TNFi) have been established as
standard of therapy, TNFi failure remains a huge challenge
[17]. With limited availability of US Food and Drug
Administration (FDA) approved medications, these pa-
tients are often left with limited treatment options [18].

We focus this review on advances made in understanding
the pathogenesis of spondyloarthritis and how it applies to
children in addition to advances in imaging modalities and
treatment. For this systematic review, PubMed, Web of
Science, and Scopus were searched for articles published in
the English language between years 2015 and 2020 using the
MeSH terms of “arthritis, ” “juvenile,” and
“spondyloarthritis” (Fig. 1). Each abstract was screened by
all authors, following which full articles were independently
reviewed.

Advances in Pathogenesis
Association With Gut Microbiome

Subclinical gut inflammation is seen in patients with adult
SpA and JSpA [19, 20]. One of the most significant and
well-studied aspects of SpA pathogenesis is its association
with gut inflammation and the gut microbiome. Studies eval-
uating the fecal microbiome of adult SpA patients have shown
differences in certain gut microbiota, including Dialister,
Ruminococcus gnavus, and Bacteroides fragilis associated
with inflammatory bowel disease (IBD) and SpA [21, 22].
Analyses of gut microbiota have also identified specific bac-
terial strains that can produce increased levels of small chain
fatty acids (SCFA), which possess antiinflammatory proper-
ties [23]. Comparison of gut microbiota in SpA and JSpA
patients found that both had decreased levels of SCFA-
producing Faecalibacterium prausnitzii strains compared to
healthy controls. However, adult and pediatric patients did
have different levels of other microbiota, such as B. fragilis,
suggesting some microbiota may directly impact the inflam-
matory response while others affect the ontogeny of the im-
mune system [24]. While these studies have identified

Fig. 1 Flowchart of systematic
review article selection process

85 records identified through PubMed,
Scopus, and Web of Science

NS

85 Titles and abstracts reviewed

Reasons for exclusion:
1. Article not available in English
2. Population did not include JSpA

3. Article was not original research

39 Articles included
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different gut microbiota implicated in the development of
SpA/JSpA, no one microbiota profile has been identified as
pathognomonic for developing inflammatory arthritis. Recent
studies looking at the microbiota of three different HLA-B27
arthritis rat models showed significant variation in the micro-
biota associated with developing inflammation in the different
rat models. The variation in inflammation-associated microbi-
ota in the three different rat models suggests that microbiota
associated with inflammation may be dependent on the genet-
ic background and/or environment in which it exists [25].
Other studies have looked at the direct immune response to
gut microbiota. Pediatric enthesitis-related arthritis (ERA) pa-
tients were shown to produce increased levels of IgA antibod-
ies to commensal oral microbiota, P. oralis, implicating these
bacteria as possible antigen triggers for immune system acti-
vation [26]. Fecal microbiota transplantation has shown
mixed results in clinical studies for IBD [27]. However, before
such treatments become a feasible option for JSpA, further
studies are needed to demonstrate safety in addition to identi-
fying the optimal donors/microbiota and recipients.

Genetic Associations With JSpA

HLA-B27 is the most well-known and widely studied genetic
associations with SpA but is only present in 30 to 50% of
JSpA patients, suggesting there are multiple genes contribut-
ing to the pathogenesis of JSpA [26]. Several other genes and
signaling pathways such as endoplasmic reticulum
aminopeptidase-1 (ERAP1) and, IL-23 receptor gene
(IL23R), have been identified as important in the pathogenesis
of SpA and JSpA [28-31]. A 2018 study compared differen-
tially expressed genes and signaling pathways in whole blood
from 15 JSpA patients to age-matched healthy controls.
Significant differences in gene expression were found in the
genes regulating the mitogen-activated protein kinase
(MAPK) pathway and C-X-C motif chemokine 5 (CXCL5)
[32]. In relating these results to JSpA pathogenesis, MAPK
signaling and CXCLS are important in innate immune activa-
tion, suggesting constitutive activation of the innate immune
system could be important in JSpA pathology [32]. These
genetic associations with JSpA are supported by research de-
scribing innate cell activity in SpA/JSpA as described below.

Innate Immunity and JSpA

Recent studies into the pathogenesis of SpA/JSpA support the
significant impact of the innate immune system on disease pa-
thology. Calprotectin is a S100 protein that functions as a
damage-associated molecular pattern (DAMP) ligand for toll-
like receptor (TLR) 4-mediated innate immune activation. In
adult SpA patients with uveitis, calprotectin levels were signif-
icantly elevated compared to those with other autoimmune dis-
eases, such as JIA, regardless of uveitis or arthritis activity. A

similar elevation in calprotectin was seen in non-SpA HLA-
B27+ uveitis patients, suggesting constitutive immune activa-
tion associated with HLA-B27 is important to disease patholo-
gy in HLA-B27-associated conditions, such as JSpA [33].
While calprotectin did not correlate with disease activity in
SpA-associated uveitis, it was the most sensitive predictor of
disease relapse in PsA patients when compared to other acute
phase reactants, supporting the important role of innate immune
activation in PsA [34].

Monocytes are subdivided into M1, classically activated/
inflammatory, and M2, alternatively activated/
antiinflammatory, subsets. M2 monocytes express a scaven-
ger receptor CD163 as a soluble, surface, and/or intracel-
lular protein [35]. Studies of innate immune activation in
adult spondyloarthritis have shown a positive correlation
between numbers of synovial CD163+ monocytes with
swollen joint count and acute phase reactants [36].
Activation of CD163+ monocytes has also been associated
with increased expression of interleukin (IL)-6, TNF-«,
and IL-1B in adult SpA. Studies on pediatric ERA showed
soluble CD163+ expression in the sera and synovial fluid
to be significantly increased compared to healthy controls,
but this expression did not correlate with swollen joint
count or acute phase reactants [37]. While it is unclear
what role calprotectin and CD163 play in JSpA, the in-
creased expression of these molecules supports the signif-
icant contribution of the innate immune system to the path-
ogenesis of JSpA.

Increased expression of IL-17/IL-23 has long been
associated with SpA and JSpA [38]. HLA-B27
misfolding result in endoplasmic reticulum stress and
activation of unfolded protein response that promote
TLR-mediated IFN- and IL-23 induction [39, 40].
Nucleotide binding oligomerization domain (NOD)
mouse models treated with adenoviral vectors containing
IL-23 develop psoriatic skin lesions, arthritis, and in-
creased IL-17 and IL-23 expression. These symptoms
improved with treatment with IL-17 inhibitory antibod-
ies [41]. While IL-17/IL-23 cytokine expression is typ-
ically associated with CD4+ Thl7 cells, mouse models
and human studies have identified various other cell
subsets, such as yd T cells and innate-like cells
(ILCs), as important contributors to IL-17 and IL-23
production [38]. Interestingly, yd T cells and ILCs both
express the Thl7-associated transcription factor, retinoic
acid receptor-related orphan receptor-gamma-t (RORvyt).
Inhibition of RORyt suppressed the IL-17 production
from these cell subsets, highlighting these cells as po-
tential targets for immune suppression in patients with
SpA/JSpA [42, 43]. These studies suggest that the im-
balance in the IL17/23 axis seen in JSpA may be due to
multiple innate or innate-like immune cells. Figure 2
pictorially represents the pathogenesis of JSpA.
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Advances in Imaging

For updates until year 2016, we direct the readers to a com-
prehensive review of imaging in JSpA in the journal by
Weiss et al [44]. Recent developments between 2016 and
2020 are discussed here. Magnetic resonance imaging
(MRYI) is an important diagnostic tool in evaluating for axial
disease in JSpA [45]. There is limited utility for plain radio-
graphs of sacroiliac joints (S1J) in detecting early changes of
sacroiliitis, especially in children. A retrospective study of
60 subjects who underwent radiographs and MRI of SIJ
within 6 months of each other demonstrated poor inter-
rater reliability and high false positive and false negative
rates for radiographs compared to MRI in detecting active
sacroiliitis [46]. Interpretation of sacroiliitis on MRI in chil-
dren is not without its challenges. Developmental changes
of metaphyseal equivalent signal in the sacral apophyses
can be confused for bone marrow edema around the SIJ.
Knowledge of normal variability of MRI of SIJ in healthy
children is necessary to distinguish between normative find-
ings and pathology. The study by Chauvin et al describing
MRI findings in 70 healthy children in 3 age groups—
prepubertal (9—10 years), peripubertal (11-13 years), and
approaching skeletal maturity (14—17 years) serve as a good
reference for normative data on SIJ by MRI [47]. There is
wide variability in interpretation of MRI of SIJ by radiolo-
gists as demonstrated in the study by Weiss et al where
interpretation of SIJ MRI from 120 subjects were compared
between local radiologists and central readers. Considering
central reader interpretation as the gold standard, the study
noted high sensitivity (93.5%) for detection of active in-
flammation by local radiologists but poor positive predic-
tive value (PPV) (51.8%) indicating interpretation of devel-
opmental metaphyseal changes as active sacroiliitis. There
was low sensitivity (45.7%) and positive predictive value
(61.5%) for detecting chronic changes [48]. This under-
scores the need for standardization and training for interpre-
tation of SIJ MRI studies. Efforts are underway to address
these gaps. The outcome measures in rheumatology
workgroup on juvenile arthritis MRI SIJ (OMERACT
JAMRIS-SIJ) consisting of an international group of radi-
ologists and rheumatologists have developed definitions for
domains of inflammation (bone marrow edema, joint space
inflammation, capsulitis, and enthesitis) and structural joint
changes (sclerosis, erosion, fatty lesion and ankylosis) by
consensus-driven methodology consisting of iterative sur-
veys and focus groups [49]. This provides a framework for
their ongoing work on development of a scoring system for
MRI of SIJ. The Spondyloarthritis Research Consortium of
Canada (SPARCC) scoring system is a validated tool for use
in adults with axial spondyloarthritis [50, 51]. The scoring
system was evaluated in 90 whole-body (WB) MRI exam-
inations with dedicated views of the SIJ in 46 subjects who
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satisfied ESSG criteria for SpA and were younger than 16
years of age and/or ERA by ILAR criteria. It showed excel-
lent intra- and inter-rater reliability and higher responsive-
ness to treatment related changes than most clinical out-
come measures. Cross-sectional and longitudinal correla-
tion between clinical indicators and MRI scoring was poor
[52]. Use of real-time iterative calibration (RETIC) modules
can improve the overall inter-rater reliability among readers
for both sacroiliac joint inflammation (SIS) and structural
scores (SSS) for SPARCC as demonstrated by Weiss et al.
Further, all components except sclerosis can reliably mea-
sure change over time in children. The authors conclude by
identifying need for a pediatric-based module to account for
age-related difference in the appearance of SIJ [53]. WB
MRIis emerging as a potential tool for evaluation of disease
activity in JSpA. An OMERACT special interest group out-
line the challenges and opportunities and address consider-
ation for development of a pediatric WB MRI scoring sys-
tem for use in JIA [54].

Update on Treatment of Juvenile
Spondyloarthritis

Principles of Management

Clinical trials in treatment efficacy require many patients
followed over an extended period. Given the relatively low
prevalence of JSpA, such clinical trials are logistically diffi-
cult to execute. Therefore, clinical trials in adult SpA treat-
ment are often used by pediatric rheumatology providers for
treatment guidance [55]. However, this often leaves children
with JSpA with limited treatment options due to reluctance by
insurance companies to approve off-label indications. Further,
there are very few clinical trials on JSpA in particular and
many of the clinical trials include subjects having several sub-
categories of JIA of which, ERA or juvenile psoriatic arthritis
(jPsA) may be a very small fraction. Given similarities in
pathogenesis and clinical manifestations to adult
spondyloarthritis, there is greater impetus to study medica-
tions approved in adult SpA in children with ERA with an
ultimate goal for obtaining FDA approval for pediatric indi-
cations [56].

Pharmacologic Management

In 2019 the American College of Rheumatology and Arthritis
Foundation published guidelines for the initial and subsequent
treatment of juvenile idiopathic arthritis (JIA) with nonsystemic
polyarthritis, sacroiliitis, and/or enthesitis that were developed
using systematic review, Grading of Recommendations
Assessment, Development and Evaluation (GRADE) method-
ology, and group consensus [57]. As characteristic features of
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Table 1 ACR/Arthritis Foundation pharmacologic treatment recommendations for JIA with enthesitis or sacroiliitis
Population Timing Recommendation Level of evidence
JIA and sacroiliitis  Initial In children and adolescents with active sacroiliitis, treatment with an NSAID Very low
is strongly recommended over no treatment with an NSAID.
JIA and enthesitis Initial In children and adolescents with active enthesitis, treatment with an NSAID Very low
is strongly recommended over no treatment with an NSAID.
JIA and sacroiliitis ~ Subsequent  In children and adolescents with active sacroiliitis despite NSAIDs,
* Addition of TNFi is strongly recommended over NSAID monotherapy. Low
* Sulfasalazine is conditionally recommended in patients who have a Low
contraindication to or have failed a TNFi.
» Methotrexate monotherapy is strongly recommended against. Very low
* Bridging therapy with a limited course of oral glucocorticoid (<3 months) Very low
is conditionally recommended during initiation or escalation of therapy.
» Intraarticular glucocorticoid injections of the sacroiliac joints is conditionally Very low
recommended as adjunctive therapy.
JIA and enthesitis Subsequent  In children and adolescents with active enthesitis despite NSAIDs,

* Treatment with TNFi over methotrexate or sulfasalazine is conditionally recommended. ~ Low

* Bridging therapy with a limited course of oral glucocorticoid

Very low

(<3 months) is conditionally recommended.

Adapted from: Ringold S, Angeles-Han ST, Beukelman T, Lovell D, Cuello CA, Becker ML, et al. 2019 American College of Rheumatology/Arthritis
Foundation Guideline for the Treatment of Juvenile Idiopathic Arthritis: Therapeutic Approaches for Non-Systemic Polyarthritis, Sacroiliitis, and

Enthesitis. Arthritis and rheumatology (Hoboken, NJ). 2019;71 [6]:846-63.

Abbreviations: JIA, juvenile idiopathic arthritis; NSAID, nonsteroidal anti-inflammatory drug; TNFi, tumor necrosis factor inhibitor

JSpA include enthesitis and axial involvement (sacroiliitis),
those recommendations are summarized in Table 1.

While there is low evidence for the strong recommendation
to treat with NSAIDs, it is consistent with the most recent
recommendations for active AS and nonradiographic axial
spondyloarthritis (nr-axSpA) [58].

For patients with predominant enthesitis, TNFi or bridging
therapy with short course of steroids are conditionally recom-
mended over conventional disease-modifying antirheumatic
drugs (csDMARDS) such as methotrexate or sulfasalazine
although the level of evidence for this recommendation is very
low to low. In our practice, in children with JSpA presenting
with predominantly peripheral arthritis, a trial of csDMARDS
is considered a reasonable option.

TNFi have been established as the first line biologic in AS
and nr-axSpA by multiple randomized controlled trials and by
the recent ACR guidelines [58]. Similarly, in the current ACR
guidelines for children, TNFi are recommended over other
csDMARDS in the setting of active sacroiliitis or enthesitis
despite NSAIDs.

In a phase III study of 46 children with ERA, there was
significant improvement in active joint count and secondary
measures of disease activity in those treated with adalimumab
compared to placebo, and these improvements were sustained
through 52 weeks [59].

CLIPPER study found etanercept to be effective through 96
weeks of therapy in children with extended oligoarticular JIA
(n=60), ERA (n=38), and juvenile psoriatic arthritis (jPsA)
(n=29) with increasing ACR 30/50/70/90/100 responses over
time [60]. There was stable efficacy through 6 years of

etanercept in the patients who continued into CLIPPER2,
which included lower percentages of ERA and jPsA compared
to extended oligoarticular JIA [61]. A UK study also looked at
response to etanercept in the first year, finding improvements in
Juvenile Arthritis Disease Activity Score (JADAS)-71 in all
ILAR subtypes except persistent oligoarticular JIA [62]. In this
cohort, odds of achieving ACR Pedi 90 after 1 year of
etanercept included age younger than 9, shorter disease dura-
tion, lower childhood health assessment questionnaire
(CHAQ), and not requiring concurrent steroids.

Golimumab is a fully human TNFi that has been used in
adults with SpA. A study of subcutaneous golimumab in chil-
dren with active polyarticular juvenile idiopathic arthritis
(polyJIA), which included some subjects with jPsA, failed to
reach its endpoint with similar flare rates and remission rates at
week 48 compared to placebo, though there was clinical im-
provement in those treated with golimumab [63]. However, the
GO-VIVA Study (NCT02277444) assessed pharmacokinetics,
safety and efficacy of IV golimumab in children with polyJIA
and jPsA. In this case there were improvements in JIA ACR 30/
50/70/90 at 28 weeks on IV golimumab and methotrexate that
were sustained through 52 weeks [64]. Based on this data, [V
golimumab was recently approved by FDA for children ages 2
and older with polyJIA and jPsA.

Children with ERA who were treated with TNFi in the
first year after diagnosis had statistically significant im-
provements in active joint count, patient reported pain,
and disease activity compared to those treated with
csDMARDS in a retrospective comparative effectiveness
study [65]. Favalli et al found lower rates of discontinuation of
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first TNFi due to inefficacy in children with nonsystemic-onset
JIA compared to adults (HR 0.719 [95% CI 0.548-0.943],
p=0.017); both ERA and jPsA patients were included in this
study [66]. Immunogenicity of biologic agents remains a con-
cern, particularly in regard to infliximab and adalimumab.
Skrabl-Baumgartner et al determined patients with JIA and
antidrug antibodies had lower rates of clinical response to
adalimumab than those without and were less likely to have
received concomitant methotrexate [67].

Glucocorticoids as a short course bridging therapy are con-
ditionally recommended in the recent ACR guidelines.
Intraarticular injection of corticosteroids into the SI joints is
conditionally recommended as an adjunct therapy. Chamlati
et al assessed the feasibility and efficacy of image guided
intraarticular corticosteroid injections of the sacroiliac joints
in 50 children, predominantly JIA, with sacroiliitis based on
clinical symptoms and MRI findings [68]. Majority of patients
(66%) had clinical improvement 3 months after injection;
however, within 2 years 47% required escalation in therapy,
most commonly (13/15) to biologic therapy. Corticosteroid
injection was associated with a decrease in SPARCC score
in 93% of patients but this improvement did not correlate with
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Fig. 2 Pathogenesis of Juvenile Spondyloarthritis. Intestinal dysbiosis
and environmental stress leads to the release of pathogen associated
molecular pattern molecules (PAMPs), which in turn activate innate
immune cells, such as macrophages (m0), ydT cells, neutrophils, and
innate-lymphoid cells (ILCs). Activation of these cells is signaled by
the expression of proteins such as calprotectin and soluble CD163
(sCD163). Innate immune activation under these unique environmental
and genetic conditions is thought to preferentially activate the Th1 and
Th17 T-cell subsets, leading to the development of arthritis, enthesitis,
psoriatic skin lesions, and uveitis associated with JSpA. While other
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long-term medical management as many remained on the
same treatment or had escalation of therapy.

Emerging Pharmacologic Treatments

As previously mentioned, IL-17 expression and imbalance in
the IL-17/IL-23 axis have been implicated in the pathogenesis
of SpA. Therefore, IL-17 inhibition has been evaluated as a
possible therapeutic option for SpA [69-72]. While adult SpA
and JSpA are unique medical conditions, the similarities in
TNF, and IL-17/IL-23 involvement in disease pathogenesis
would suggest that both conditions would respond to biologic
DMARD to these cytokines in a similar manner [37, 56].
However, IL-17 has been known to exacerbate Crohn’s dis-
ease in adults and should be avoided in patients with IBD
associated arthritis [73].

Ustekinumab is a human monoclonal antibody that targets
IL-12 and IL-23. It is approved for adults with PsA, plaque
psoriasis in patients aged 6 years or greater, and adults with
moderately to severely active Crohn disease or ulcerative colitis
[74]. However, trials on IL-23 inhibition have failed to meet
key endpoints in axial SpA (NCT02438787, NCT02407223,

Calprotectin
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molecular and cellular mechanisms likely contribute to the development
of JSpA, these are several key factors elucidated by research over the past
several years. Abbreviations: HLA-B27: Human leukocyte antigen B27;
NLRP3: Nucleotide-binding oligomerization domain, leucine rich repeat
and pyrin domain containing 3; ERAP 1/2: Endoplasmic reticulum ami-
nopeptidase /2; CXCR4: C-X-C chemokine receptor type 4; CXCL5: C-X-
C motif chemokine 5; MAPK: Mitogen-activated protein kinase; BNIP3L:
B-cell lymphoma 2 interacting protein 3 like; DUSPS5: Dual specificity
protein phosphatase 5; 7P53: Tumor protein p53
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[75]). There are currently no clinical trials registered for
ustekinumab in juvenile idiopathic arthritis, including juvenile
spondyloarthritis, though improvements in enthesitis and
dactylitis in patients with adult PsA suggests this treatment
may be utilized in juvenile spondyloarthritis. Case studies of
ustekinumab in 5 children with enthesitis related arthritis noted
improvement in active enthesitis and arthritis [76].

Tofacitinib is a Janus Kinase (JAK) inhibitor that is FDA
approved for use in polyJIA. A Phase I multicenter study
assessed pharmacokinetics, efficacy, and short-term safety of
tofacitinib in children with polyJIA [77]. A Phase III
(NCT02592434) study of tofacitinib in JIA (polylJIA, jPsA,
and ERA) found lower flare rate with tofacitinib compared to
placebo and longer time to disease flare [78]. An ongoing
study (NCT01500551) is investigating the safety, tolerability,
and efficacy in JIA, including subjects aged 2—18 years with
polyJIA (n=172), jPsA (n=19), and ERA (n=21). Interval
analysis revealed that while no patients achieved JIA ACR
clinical remission, there were sustained improvements in dis-
ease activity and physical function through 18 months [79].

Nonpharmacologic Management

Biomechanical stress has been known to play a role in
causing enthesitis in animal models [80]. In children, there
may be additional impact for a developing skeleton and
entheseal complex. Physical activity, such as a structured
exercise program, is routinely recommended in children
with JIA. Benefits of such exercise program include
preserving/improving joint range of motion, improving
strength, promoting cardiovascular fitness, and decreasing
pain [81]. While there are no specific studies of JSpA and
structured exercise programs, they often make up the pop-
ulation in JIA studies. The LEAP study demonstrated im-
provement in fatigue with a 6-month home exercise pro-
gram, though adherence to the program was low [82]. A
pilot randomized control program is investigating yoga and
aerobic dance for pain management in adolescent females
with any ILAR subtype of JIA [83]. Despite very low ev-
idence, physical therapy is recommended in children and
adolescents with enthesitis or sacroiliitis who have or are
risk for functional limitations [57].

Outcome Measures and Monitoring of Disease
Activity

Core domain sets for studies in JIA are a framework to assess
efficacy of medications in randomized controlled trials and
longitudinal observational studies. The JIA core domain set
was updated by an international group of clinicians, re-
searchers, and patient/parent partners in 2018 as the prior set
from 1997 was developed without input from patient/parent
partners. They identified mandatory domains of pain, joint

inflammatory signs, activity limitation/physical function, pa-
tient’s perception of disease activity (overall well-being), and
adverse events to be included in all studies [84]. The Juvenile
Spondyloarthritis Disease Activity Index (JSpADA) remains
the only disease activity score specifically for JSpA and in-
cludes measures specific for this condition such as active
enthesitis count, clinical sacroiliitis, uveitis, and back mobility
[85]. This measure was recently prospectively validated in a
cohort of Indian children with ERA and found the measure
performed well even after eliminating back mobility from the
set of items [86].

Conclusions

Deeper understanding of pathophysiology of JSpA and im-
mune pathways are paving the way for newer therapeutic op-
tions beyond TNFi. There is urgent need to translate these into
clinical trials in patients with JSpA for medications currently
approved for adult SpA beyond TNFi biologics. Improvement
in understanding and interpretation of MRI of SIJ through
standardization exercises have a potential to improve diagnos-
tic accuracy.
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