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Abstract
Background: Few published data describe how joint involvement, the most prevalent extraintestinal manifestation,
affects quality of life (QoL) of children with Crohn’s disease (CD). Arthritis and arthralgia rates in pediatric CD
patients are reportedly 3–24% and 17–22%, respectively, but studies on pre-emptive and systematic screening of
joint involvement with detailed musculoskeletal rheumatological exam are lacking. More detailed data collection on
joint involvement improves our understanding of how arthropathy relates to disease activity and QoL measured by
the Pediatric CD Activity Index (PCDAI) and IMPACT-III questionnaire. Our study aims were to assess joint
involvement in pediatric CD and correlate it with the PCDAI and IMPACT-III.
Methods: In this cross-sectional, observational study, a pediatric gastroenterologist assessed consecutively-seen
pediatric CD patients at a tertiary care center. Patients were screened for prevalence of current and previous
arthropathy, including arthritis, enthesitis and arthralgia. A single experienced pediatric rheumatologist evaluated
detailed musculoskeletal history, joint status, and modified Juvenile Arthritis Multidimensional Assessment Reports
(JAMAR). PCDAI, IMPACT-III, sacroiliac MRI, and HLA-B27 genetic testing were also completed.
Results: A total of 82 (male:female, 1.2:1; age, 13.7 ± 3.2 years) patients were involved in this study. Mean disease
duration at time of study was 21.6 ± 21 months; eight of the patients were newly-diagnosed. Of the 82 patients, 29
(35%) had evidence of arthritis; for 24 of those, this was revealed by physical exam during cross-sectional screening,
and by prior documentation for the remaining five patients. Joint examination confirmed active arthritis in 8/24
(33%), active enthesitis in 1/24 (4%), and evidence of previous arthritis in 15/24 (62.5%) patients. Hip (41%) and knee
(38%) joints were most commonly affected. Cumulative incidence of arthralgia was 48% (39/82), and 46% (18/39) of
those patients had only arthralgia without arthritis, usually affecting the knee. Axial involvement was present in 10/
82 (12%) patients. Joint involvement correlated with more severe CD disease activity, specifically higher PCDAI and
lower IMPACT-III scores, and increased requirement for infliximab treatment. Sacroiliitis and HLA-B27 positivity were
insignificant factors in this cohort.
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Conclusions: When a rheumatologist performed the assessment, joint involvement in pediatric CD was more
prevalent than previously reported, in this cross-sectional study. Arthritis was associated with more severe CD
disease activity and lower QoL.
Keywords: Pediatric Crohn’s disease, Joint involvement, Quality of life, Arthritis, Arthralgia, Pediatric Crohn’s disease
activity index

Background
Inflammatory bowel disease (IBD), a chronic relapsing
inflammatory condition of the gut, has two major subtypes: Crohn’s disease (CD) and ulcerative colitis (UC).
CD presents not only with the typical transmural, ulcerating, granulomatous lesions of the entire bowel, but
with inflammation in various other organs. Different extraintestinal manifestations (EIMs) might be present in
the mouth, skin, eyes, musculoskeletal or hepatobiliary
systems, pancreas and, more rarely, the neurological,
pulmonary or cardiovascular systems [1].
Onset of CD occurs in childhood in up to 20% of cases,
and researchers describe this early start as a risk factor for
severe disease [2–4]. Based on the database of the Hungarian IBD Registry Group (a nationwide incident cohort
study), the incidence of pediatric CD is 4.72 in 100,000
[5]. CD occurs mostly between the ages of 10 and 17 years,
with a male dominance. The rates of arthritis (the most
common EIM) and arthralgia (which while not defined as
a separate EIM entity is a very common complaint in children) are reported to be associated with pediatric CD at
3–24% and 14–22%, respectively [1, 6–10].
After aphthous stomatitis, the most common EIMs in
patients with IBD are the arthropathies, usually occurring
before or within the first year the gastrointestinal symptoms develop [7, 11]. In a recent study, arthritis was the
first presenting symptom in 4% of children and adolescents with IBD. Clinical manifestations of CD-associated
arthropathies vary, and include asymmetrical, transitory
and migratory arthritis (pauciarticular or polyarticular),
peripheral joint pain and spondyloarthropathy [12].
CD-associated arthropathies, such as sacroiliitis and
arthritis and/or enthesitis, are also categorized in the heterogeneous enthesitis-related arthritis (ERA) subgroup of
juvenile idiopathic arthritis (JIA), or under Juvenile Ankylosing Spondylitis if CD presents with arthritis or enthesitis of a few large joints in the extremities or with axial
sacroiliitis [13]. The rates of HLA-B27 positivity and family history of a HLA-B27 associated pediatric disease are
10–60 and 20%, respectively [14–16]. In CD-related
arthropathies, genetics (HLA B27 positivity, NOD2 variants), subclinical gut barrier dysfunction, dysbiosis-driven
extensive innate immune ‘danger signals’ (through TLRs
in macrophages), and pathological up-regulation of IL-23
and/or IL-17 axis all contribute to chronic joint inflammation [17–19].

Arthropathy significantly decreases quality of life
(QoL) of adult patients suffering from IBD [20]. Similar
data are missing regarding the pediatric IBD population.
We aimed with our cross-sectional study on a cohort
of pediatric CD patients to determine the period prevalence (overall, including present and past) and characteristics of arthropathy by pre-emptive screening through
detailed joint history and examination, sacroiliac (SI)
magnetic resonance imaging (MRI) and HLA-B27 typing, to characterize the pattern and type of joint involvement in relation to disease activity, and to assess its
impact on QoL using PCDAI and a QoL questionnaire
(IMPACT-III).

Methods
Study population

We conducted an observational prevalence study comprising pediatric patients with CD seen consecutively
over a 12-month period by a pediatric gastroenterologist
at a single tertiary care center, the Department of
Pediatrics, Semmelweis University, Budapest, Hungary.
Ninety-six percent of the approached patients (82/85)
agreed to be enrolled in this study, and all subjects
underwent a detailed musculoskeletal history and examination by one experienced pediatric rheumatologist,
who assessed objective joint involvement as evidence of
arthritis, enthesitis and subjectively-reported arthralgia.
During the study period, all investigators involved in the
study were working fulltime in Budapest, Hungary. Applying the Porto criteria, we diagnosed CD from clinical
symptoms, laboratory data, endoscopy and histopathological findings [21]. Treatment modalities at the time of
the study were recorded. Additionally, a chart review on
changes in management in terms of systemic medication
such as DMARDs or biologic agents within 3 months of
joint assessment was completed.
Patient demographics and disease characteristics, including previously documented arthritis and enthesitis,
were collected from patients’ medical records. The
gastroenterologist completed and reviewed the PCDAI
and the IMPACT-III index, and the rheumatologist
reviewed the JAMAR (Juvenile Arthritis Multidimensional Assessment Report) questionnaire at the time of
the relevant visits. There was a maximum 4-week interval between the two specialists’ visits, including laboratory investigations and imaging, and no patient’s
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condition deteriorated so greatly in the interim as to
make reassessment necessary.
We obtained study approval from the Hungarian Medical Research Council Scientific and Research Ethics
Committee and written consent from all parent(s)/caregiver(s) and patients older than 7 years of age.
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functional joint status, joint pain, joint disease, morning
stiffness and joint disease activity. Only responses to
questions 1–4, 6 and 7 of the translated, cross-culturally
adapted and validated, minimally modified version of
JAMAR [26, 27], were analyzed in this study. Modification included specifying joint pain (questionnaire questions 2 and 6) and joint involvement (questions 6 and 7).

Physical examination of the joints

Musculoskeletal examination was performed blinded first,
to reduce the risk of examiner bias from previous and/or
ongoing musculoskeletal history and symptoms, time of
onset and severity of CD, or results from the study questionnaires completed by patients and their parents.
All subjects underwent a clinical examination made by a
single pediatric rheumatologist focusing on 73 joints and
limited to seven bilateral entheses (according to the Spondyloarthritis Research Consortium of Canada Enthesitis
Index [22]).
Active arthritis was defined as joint swelling with pain
and/or limited range of motion; previous “burned-out”
arthritis was defined as severely restricted range of motion with/without deformity [23]. Enthesitis was defined
as tenderness by palpation (examiner applying enough
pressure with the thumb to blanch the nail bed) with/
without swelling [24]. Arthralgia was defined as localized, not exercise-related, persistent joint pain at rest,
with no evidence of arthritis. All patients or caregivers
were able to report pain reliably and accurately. Patients
with arthritis in at least one joint as well as arthralgia in
another joint(s) was classified as having arthritis.

IMPACT-III (HR)

The patient him/herself (if older than 7–8) completed the
IMPACT-III questionnaire, a disease-specific, healthrelated QoL instrument containing 35 questions encompassing six domains: bowel symptoms (six concerns),
systemic symptoms (three concerns), emotional functioning (seven concerns), functional/ social impairment (16
concerns), body image (three concerns), and tests/treatments (three concerns). For each question, answers were
assessed using a Likert-type scale with five responses,
resulting in full scores ranging from 35 to 175. Higher
scores indicate a good QoL, lower scores indicate the disease has negatively affected patient QoL [28].
PCDAI

PCDAI value was used for monitoring disease activity.
PCDAI includes history items, findings about the physical examination (including extraintestinal manifestations) and laboratory tests (Supplement). PCDAI scores
range from 0 to 100; the higher score reflects more active disease. PCDAI score < 10 indicates inactive disease,
between 10 and 30 a mild disease, and if PCDAI score is
≥30 we speak about an active disease [29, 30].

Laboratory investigations and imaging

Basic laboratory parameters including CRP and complete
blood count were determined at the time or within 4
weeks of joint assessment. SI MRI (axial 3D WAVE, T2
SPAIR, 3D DWIBS, sagittal and coronal T2 sequences by
Philips Achieva 3 Tesla) as added sequences targeted to SI
joint were evaluated during MR enterography (MRE) (n =
62). Molecular genetic testing for HLA-B27 (n = 58) was
also performed. A radiologist with experience in pediatric
and skeletal imaging, blinded for physical joint exam results, interpreted the MRI findings for evidence of SI joint
inflammation. Inflammatory sacroiliitis was diagnosed according to ASAS 2009 criteria, in particular the presence
of bone marrow oedema in the subchondral or periarticular compartment of the SI joint [25]. Additionally,
structural changes such as erosions, fatty degeneration,
sclerosis, and ankylosis as indicative of previous active inflammation were included in the analysis.
Questionnaires
Jamar

Questionnaires completed by the parent and by the child
him/herself (if older than 7–8 years) were used to assess

Statistical analyses

All statistical analyses were performed by a biomedical
statistician. Calculations and data analysis were performed
using IBM SPSS Statistics (version 21.0, IBM, Armonk,
NY, USA). Descriptive measures (medians, means, ranges,
and SE) were calculated for continuous variables (i.e., age,
gender and clinical disease activity indices such as laboratory parameters, use of medication, scores of disease activity indices), while frequencies were calculated for
categorical variables (i.e., different types of joint involvement), along with 95% confidence intervals (CIs) for
means and proportions. Variables were examined for normal distribution with the Kolmogorov-Smirnov test and
Dunn’s multiple comparison test was used in case data
were not normally distributed. Means were compared
using Student’s t-test. Categorical variable comparisons
were performed using Fisher’s exact test, chi logistic regression, and chi square test to examine any possible association between clinical disease activity indices (PCDAI,
CRP, PLT, IMPACT-III; all continuous variables), and
joint involvement such as arthritis, joint contractions and
arthralgia on examination, in documented history or on
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JAMAR and biological therapy (as a categorical variable).
A p value of < 0.05 was considered significant.

Results
A total of 82 patients were involved in this study. Eight
of 82 patients were “newly-diagnosed” with IBD within
4 weeks prior to rheumatology assessment. MRE was
performed in 62; molecular genetic testing for HLA-B27
was performed for 58 patients. Table 1 shows patient
demographic and clinical data. At disease onset, two patients were less than 2 years old (had infantile IBD),
three were 2–6 years old (had very early onset IBD
(VEO-IBD)) and 14 were between 6 and 10 years old
(had early onset IBD). The remainder were 10–18 years
of age. Increased CRP and thrombocytosis reflect
chronic active inflammation in this cohort. Eighty-nine
percent (73/82) of patients were on systemic immunosuppressive medication for their CD, including only
three who received systemic medication also for
arthritis.
Thirty-five percent (29/82) of the pediatric CD patients had objective arthritis. Arthritis was diagnosed in
24/29 based on physical examination (point prevalence),
and 5/29 patients had a remote history of documented
active arthritis (period prevalence) (Fig. 1).
Of the 24 patients with arthritis, only one had active
enthesitis at the time of examination. Eight of these 24
patients (33%) had active arthritis indicated by swollen
joint(s) with or without stress pain, including four
Table 1 Demographic and clinical data of patients studied
Parameter

Patient value/
description

Gender ratio (male:female)

1.2:1

Age at time of study (in years mean ± SD)

13.7 ± 3.2

Age at onset of Crohn’s disease (in years
mean ± SD)

12.2 ± 3.6

Disease duration (in months mean ± SD)

21.6 ± 21

Disease duration median number of months

15

Overall scores on PCDAI (mean ± SD)

11.5 ± 14.2

Overall scores on IMPACT-III index (mean ± SD) 103.5 ± 30
CRP (mg/L, mean ± SD)

11.8 ± 19.3

PLT count (109, mean ± SD)

422 ± 145

Medications at time of study
sulfasalazine/mesalamine

70/82 (85%)

azathioprine

58/82 (70%)

infliximab

16/82 (20%)

methylprednisolone

16/82 (20%)

budenoside

7/82 (9%)

methotrexate

5/82 (6%)

NSAID

3/82 (4%)
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patients who also had a restricted range of motion or
contraction in one or more other joints, suggestive of
longstanding or previous arthritis. The remaining 15 patients showed evidence of previous arthritis on joint
examination indicated by a severely restricted range of
motion with or without deformity in one or more joints.
Hip (12/29 children) and knee (11/29 children) joints
were most commonly affected. In terms of arthritis, 41%
(12/29) had axial, and more than half had peripheral
presentation; 17% had monoarticular, 21% had oligoarticular and 21% had polyarticular involvement. Sixty-two
percent (18/29) had arthritis at the onset of CD.
Seventy-one percent (17/24) of patients with arthritis
on exam had joint complaints at the time of evaluation;
all had arthralgia and three of them complained about
morning stiffness as well.
The frequencies, as determined by physical examination or patient history, at which individual joints were
affected and the characteristics of affected joint inflammation are depicted in Table 2.
The cumulative incidence of arthralgia during the entire course of the disease was as high as 48% (39/82 patients); however, fewer than half (18/39; 22% of the total
number of patients) had only arthralgia, without arthritis
on exam. Distribution of arthralgia in 18/82 patient history or JAMAR, is shown in Table 3.
The most frequently affected joints by subjective joint
involvement (i.e., arthralgia with or without morning
stiffness) in 18/82 patients were the knee (14/18),
followed by ankles (6/18) by history or JAMAR.
Axial involvement was present in 10/82 (12%) of
the patients, less frequently than in adults. Sacroiliitis
was documented in one patient’s medical record by
MRI imaging, and was suspected in another three by
positive Mennell’s sign (sacroiliac-pain provocation
test in early active sacroiliitis) on physical examination and lumbosacral pain in history, but was unconfirmed by SI MRI. SI MRI as added sequences to
MRE was done in a subset of patients when MRE
was a part of the standard of care, and no patient
among those without low back or hip pain (55/62,
89%) had subclinical sacroiliitis.
Spondylarthritis involving the lumbosacral spine by
limited range of motion in the Schober’s test was positive in one patient, and another two complained about
lower-back pain and morning stiffness. Overall HLAB27 positivity was 10% of patients, and frequencies were
similar within the axial (10%) or peripheral (11%) arthritis groups and in patients without arthritis (9%). The
only tender enthesis in the study was identified in a single patient, at the patellar ligament insertion at the inferior pole of the patella.
Two patients with arthritis had also psoriasis on physical exam and another one had a first degree relative
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Fig. 1 Prevalence of joint involvement by objective measurement in our pediatric CD cohort. Legend: Prevalence of joint involvement (arthritis,
enthesitis, restricted range of motion) by objective measurement (physical examination or documented history). Conditions occurred as indicated
in a total of 29 of 82 patients studied (35%)

with psoriasis, similarly to seven additional patients
without arthritis.
Figure 2A shows a significant association (p < 0.01) between joint involvement (arthritis and/or arthralgia) and
lower QoL, as measured by the IMPACT-III. There is a
significant association between joint involvement and
PCDAI. Furthermore, IMPACT-III values negatively correlated with PCDAI scores in subgroup of pediatric CD
patients who had arthritis (r = − 0.64, p = 0.0024), but not
without arthritis (r = − 0.35), suggesting that the lower
QoL was associated with joint involvement, and did not
originate from GI disease. Cumulative frequencies of arthritis and/or arthralgia (but not axial or peripheral joint disease when examined separately) correlated with more
aggressive disease, reflected by higher PCDAI scores at
the time of the study (p = 0.01) (Fig. 2B).
Overall, arthritis was significantly more common (according to logistic regression analysis) in patients

requiring biological therapy, and patients with arthritis
detected at the onset of their CD (n = 18) received more
aggressive treatment, including the TNF-inhibitor biologic infliximab. Active arthritis or other joint involvement at the time of joint assessment, however, was not
more common in patients treated with infliximab. Details of drug therapies are presented in Table 1.
There were no correlations with objective joint involvement, including active or documented arthritis, or
subjective signs of joint involvement, such as arthralgia,
morning stiffness and restricted range of motion in history, with age, gender, PCDAI at onset of CD, the
follow-up time from diagnosis, CRP or platelet count at
examination. Objective joint involvement was uncorrelated with IBD, spondylarthropathy or psoriasis in firstor second-degree relatives. There was no significantly
higher incidence of active arthritis or other joint involvement in patients examined in the first 6 or first 12

Table 2 Distribution of joints with active or previous arthritis found by physical examination or documented in medical chart
Condition revealed by physical examination during current study

Documented in patient’s chart

Joint

Active arthritis (and/or enthesitis)
(n = 9 patients)

Arthritis (and/or enthesitis)
(n = 5 patients)

Shoulder

1/9

Elbow

1/9

Hand

1/9

Lumbosacral

4/9

Restricted range of motion
(n = 15 patients)

3/15
1/5

Hip

1/9

11/15

Knee

4/9 (1/9)

6/15

1/5 (1/5)

Ankle

1/9

2/15

3/5

Foot

1/9

1/15

2/5
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Table 3 The most frequently subjectively-affected joints
Joint

Frequency of arthralgia based
on history (n = 18 patients)

Shoulder

1/18

Elbow

0/18

Hand

0/18

Lumbosacral

2/18

Hip

2/18

Knee

14/18

Ankle

6/18

Foot

0/18

months after onset of CD compared to those with longer
follow-ups.
Rheumatology evaluation led to changes in management in terms of systemic medication in 25% of patients (6/24); three were started on biologic agents
(infliximab) within 3 months of rheumatological exam,
due to joint involvement while having active IBD disease on additional therapies, two started NSAID, and
one started corticosteroid within 2 months of the joint
assessment.

Discussion
Approximately 25% of all IBD cases begin in childhood,
causing a severe form of this life-long disease with
childhood-specific morbidity such as poor bone density,
growth failure and delayed puberty [5]. Increased disease
severity at baseline was associated with the occurrence
of any EIM including arthralgia in a large cohort of
pediatric CD patients [6]. Presence of extraintestinal
manifestations overall had a negative impact on scores
from the emotional and social functioning domains of
the IMPACT-III questionnaire in a single study [31].
Studies on recognized associations between joint
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involvement and disease severity later during the course
of disease are inconclusive in adult and pediatric CD patients; similarly, studies analyzing the type of joint involvement in pediatric CD and QoL are markedly rare
compared to adult studies [6, 11, 32–34].
Reliable reports of pediatric CD-associated arthropathies are difficult to generate. Most publications report
data from charts analyzed retrospectively, where
clinically-obvious arthritis was present, mainly detected
by the gastroenterologist in charge. Since CDassociated arthropathies also belong to the very
heterogenous ERA subgroup of JIA, children might be
diagnosed with JIA while IBD remains undiagnosed. In
one-fifth of adult patients, peripheral arthritis appeared
before IBD (including colitis) was diagnosed [35]. Of
patients in our cohort who had arthritis any time during their CD, 62% (18/29) had arthritis at the onset of
CD, and this predicts a more severe disease course. To
obtain earlier diagnoses, every child presenting with
acute or chronic arthritis should be assessed for IBD at
least by specific personal history of gastrointestinal
symptoms as well as a family history of IBD [12, 36].
Because of the transient and fluctuating presence of
oligoarthritis and its dramatic response to corticosteroid and other treatment for exacerbations of the IBD,
we can only estimate the incidence or prevalence of
CD-related pediatric arthropathies. Also, detailed joint
examination is unusual during a routine gastrointestinal
examination. As well, arthritis and arthralgia tend to be
combined in the CD literature, making it impossible to
distinguish the presence of true arthritis.
Inflammatory joint involvement is more common
(24%) in newly-diagnosed IBD [37]; our study, however,
found no significantly higher incidence of joint involvement in children at the onset or early in the course of
their CD compared to those with longer follow-up.
There were only four newly-diagnosed patients included
in the study, which could potentially explain the negative
finding when comparing frequency of arthritis between

Fig. 2 IMPACT-III a and PCDAI b indices in pediatric CD patients without or with joint involvement (arthritis, enthesitis and arthralgia). Values are
means ± SE (n = 82 patients)
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newly-diagnosed and established CD compared to previous studies.
Sacroiliitis is estimated as at least 30 times more common in IBD patients than among adults in general, with
a pooled prevalence of 21% [38]. Axial involvement was
present in 10/82 (12%) of our pediatric patients, less frequently than in adults. Sacroiliitis found by physical
examination or identified as lumbosacral pain with or
without morning stiffness in history was not confirmed
by SI MRI. We detected no subclinical sacroiliitis based
on MRI combined with MRE, although the highly sensitive STIR sequences were not analyzed. Instead, a conventional MRI exploration, dedicated to SI joints, and
taking an extra 10 min during imaging, was added to the
MRE. This approach allows accurate differentiation between intestinal manifestations and axial symptoms,
contributing to an earlier diagnosis of axial spondylarthritis in IBD patients [39, 40]. SI pain, misdiagnosed
due to radiating pain in the colon, might also be incorrectly interpreted as IBD-related. In our cohort HLAB27 positivity was not more prevalent in the subgroup
of patients with joint involvement. In fact, similarly to
the healthy population, only 10% of our patients even
carried the HLA-B27 allele, which might explain the low
incidence of enthesitis in the cohort. This concurs with
other studies, as HLA-B27 in the pediatric IBD population is generally not higher than in the general population [32], despite the fact that 12% of our patients had
psoriasis or a first-degree relative with psoriasis, which is
another HLA-B27 associated disease.
Enthesitis was uncommon in our cohort, although it is
reported elsewhere as the most common EIM in
pediatric CD with a 21% prevalence; it is also common
in adults (7–50% prevalence) [41–44]. This could be explained by the younger age group in our study compared
to the relatively small and older group reported [42].
The therapeutic modalities in CD patients with related
arthropathies, including local steroid injections, physiotherapy and anti-TNF therapy (infliximab), overlap with
those in JIA. In CD, however, therapies are modulated
according to the associated features (uveitis, psoriasis,
pyoderma gangrenosum, colitis) and with preferential
use of selective COX-2 inhibitors to reduce exacerbation
of IBD due to NSAID and sulfasalazine as initial DMAR
D, as were used in our patients [32]. Joint assessment in
our study increased our attention to symptom control,
which led to changes in management in terms of systemic medication in 25% of patients.
Our prevalence study is limited in that our findings reflect joint involvement in a cohort heterogeneous in
terms of disease duration and severity as well as treatment modalities. Another limitation is that CD is a heterogeneous group of different diseases, and several as
distinct entities might be associated with arthritis,
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especially monogenic immune dysregulatory diseases,
also known as inborn errors of immunity [45]. According to the Paris Modification of the Montreal Classification system [46], in VEO/EO-IBD cases, contribution of
genetic factors in the pathogenesis is high, and the disease is characterized by a more severe phenotype: a
rapid progression with complications and resistance to
conventional therapies. Based on patient age at CD onset
in our cohort, a significant proportion (19/82; 23%)
would be classified in special subgroups of IBD. Up to
50 monogenic inborn errors of immunity may underlie
VEO/EO-IBD, but identifying molecular defects in our
patients and their association with arthritis is beyond the
scope of this study [47]. Since all but three of the
consecutively-seen and approached patients agreed to be
enrolled into this study, recruitment bias (whereby parents of children with joint complaints could be more
likely to consent to the study compared to parents of
children without joint complaints) is unlikely, and thus
does not pose a potential limitation.

Conclusion
In conclusion, our study is the first in which a pediatric
rheumatologist systematically and pre-emptively screened
and analyzed joint involvement in pediatric patients with
CD, and which included SI MRI and HLA-B27 typing. In
addition to the point prevalence data, use of chart review
for past documented arthritis and the arthritis-specific
questionnaire (modified JAMAR) allowed us to estimate
period prevalence data, which can be incorporated into
the calculations in cross-sectional studies. In addition, parallel estimations of QoL and PCDAI were determined.
Our results showed that when assessment is done by a
pediatric rheumatologist, the prevalence of joint involvement in pediatric CD is higher than previously reported.
Joint involvement including arthritis and arthralgia is associated with more severe disease, as reflected by higher
PCDAI scores and lower QoL.
Although the majority of pediatric patients with CD
who were identified as having arthritis on exam also had
arthralgia at the time of evaluation, almost one-third of
them had arthritis without joint complaints; therefore, a
thorough joint exam by the assessing gastroenterologist
is recommended.
Arthropathic conditions in pediatric CD are very common and often underestimated, despite association with
a significantly higher impairment of QoL. Pre-emptive
and systematic screening of joint involvement is essential, and helps identify a parameter that predicts a severe
disease course early, thus optimizing therapeutic
decision-making and personalized treatment.
Abbreviations
CD: Crohn’s disease; CRP: C-reactive protein; EIMs: Extraintestinal
manifestations; ERA: Enthesitis-related arthritis; IBD: Inflammatory bowel

Derfalvi et al. Pediatric Rheumatology

(2022) 20:6

Page 8 of 9

disease; JAMAR: Juvenile Arthritis Multidimensional Assessment Report;
JIA: Juvenile idiopathic arthritis; MRE: Magnetic resonance enterography;
MRI: Magnetic resonance imaging; NSAID: Non-steroidal anti-inflammatory
drugs; PCDAI: Pediatric Crohn’s Disease Activity Index; PLT: Platelet;
QoL: Quality of life; SI: Sacroiliac; UC: Ulcerative colitis; VEO-IBD: Very early
onset inflammatory bowel disease

3.

Acknowledgements
The authors thank Drs. Antal Dezsofi, Andras Arato, and Nora Beres for
patient recruitment, Dr. Suzanne Ramsey for her critical review of this
manuscript, and Anne Woolaver for assistance with manuscript formatting
and proofreading.

5.

4.

6.
Authors’ contributions
BD designed the study, performed musculoskeletal exam, collected data,
interpreted the results, and wrote the initial draft and final version of the
paper. KB drafted the work critically for important intellectual content and
contributed to the final version of the paper. DS contributed to the
conception of the work and took part in the data collection. GR evaluated
the magnetic resonance images. GB contributed to the data collection and
analysis. ÁC performed the analytic calculations. KEM contributed to the
conception of the work, and took part in drafting the work critically for
intellectual content. GV performed the gastrointestinal assessment and
contributed to the conception of the work, data collection, interpretation of
results, and the final version of the paper. All active authors read and
approved the final manuscript.
Funding
No honorarium, grant, or other form of payment was given to anyone to
produce the manuscript.
Availability of data and materials
The datasets used and analysed during the current study are not publicly
available, as they contain identifiable information, but are available from the
corresponding author on reasonable request.

7.

8.

9.

10.

11.

12.

Declarations
Ethics approval and consent to participate
Study approval was obtained from the Hungarian Medical Research Council
Scientific and Research Ethics Committee (ETT-TUKEB) Case no.:10434/2012/
EKU (175/P1/12.) Parents/legal guardians and patients older than 7 years of
age signed the informed consent form before any study-related procedures
occurred.
Consent for publication
Consent has been given by the patients and parents, via the written
informed consent.

13.

14.

15.
16.

Competing interests
The authors declare that they have no conflicts of interest.
17.
Author details
1
Department of Pediatrics, Dalhousie University/IWK Health Centre, Halifax,
Nova Scotia, Canada. 21st Department of Pediatrics, Semmelweis University,
Budapest, Hungary. 3MR Science Centre, Semmelweis University, Budapest,
Hungary. 4Institute for Translational Medicine, University of Pécs, Pécs,
Hungary. 5Heim Pal National Pediatric Institute, Budapest, Hungary.
6
Paediatric Institute, University of Debrecen, Debrecen, Hungary.

19.

Received: 15 July 2021 Accepted: 6 January 2022

20.

References
1. Jose FA, Heyman MB. Extraintestinal manifestations of inflammatory bowel
disease. J Pediatr Gastroenterol Nutr. 2008;46(2):124–33. https://doi.org/10.1
097/MPG.0b013e318093f4b0.
2. Beaugerie L, Seksik P, Nion-Larmurier I, Gendre JP, Cosnes J. Predictors of
Crohn’s disease. Gastroenterology. 2006;130(3):650–6. https://doi.org/10.1
053/j.gastro.2005.12.019.

18.

21.

Cosnes J, Gower-Rousseau C, Seksik P, Cortot A. Epidemiology and natural
history of inflammatory bowel diseases. Gastroenterology. 2011;140(6):1785–
94. https://doi.org/10.1053/j.gastro.2011.01.055.
Savoye G, Salleron J, Gower-Rousseau C, Dupas JL, Vernier-Massouille G,
Fumery M, et al. Clinical predictors at diagnosis of disabling pediatric
Crohn’s disease. Inflamm Bowel Dis. 2012;18(11):2072–8. https://doi.org/10.1
002/ibd.22898.
Muller KE, Lakatos PL, Arato A, Kovacs JB, Varkonyi A, Szucs D, et al.
Incidence, Paris classification, and follow-up in a nationwide incident cohort
of pediatric patients with inflammatory bowel disease. J Pediatr
Gastroenterol Nutr. 2013;57(5):576–82. https://doi.org/10.1097/MPG.0b013
e31829f7d8c.
Dotson JL, Hyams JS, Markowitz J, LeLeiko NS, Mack DR, Evans JS, et al.
Extraintestinal manifestations of pediatric inflammatory bowel disease and
their relation to disease type and severity. J Pediatr Gastroenterol Nutr.
2010;51(2):140–5. https://doi.org/10.1097/MPG.0b013e3181ca4db4.
Jose FA, Garnett EA, Vittinghoff E, Ferry GD, Winter HS, Baldassano RN, et al.
Development of extraintestinal manifestations in pediatric patients with
inflammatory bowel disease. Inflamm Bowel Dis. 2009;15(1):63–8. https://doi.
org/10.1002/ibd.20604.
Lee YA, Chun P, Hwang EH, Mun SW, Lee YJ, Park JH. Clinical features and
extraintestinal manifestations of Crohn disease in children. Pediatr
Gastroenterol Hepatol Nutr. 2016;19(4):236–42. https://doi.org/10.5223/
pghn.2016.19.4.236.
Nir O, Rinawi F, Amarilyo G, Harel L, Shamir R, Assa A. Phenotypic features
and longterm outcomes of pediatric inflammatory bowel disease patients
with arthritis and arthralgia. J Rheumatol. 2017;44(11):1636–43. https://doi.
org/10.3899/jrheum.170168.
Zhou Y, Huang Y. Inflammatory bowel disease in Chinese children: a
retrospective analysis of 49 cases. Exp Ther Med. 2016;12(5):3363–8. https://
doi.org/10.3892/etm.2016.3756.
Ouldali N, Hugot JP, Viala J, Damir M, Martinez-Vinson C, Meinzer U. Early
arthritis is associated with failure of immunosuppressive drugs and severe
pediatric Crohn’s disease evolution. Inflamm Bowel Dis. 2018;24(11):2423–30.
https://doi.org/10.1093/ibd/izy137.
Levy R, Amarilyo G, Tal R, Amir J, Assa A, Rinawi F, et al. Musculoskeletal
manifestations as presenting symptoms of inflammatory bowel disease in
children and adolescents. J Pediatr. 2019;209:233–5. https://doi.org/10.1016/
j.jpeds.2018.12.005.
Rudwaleit M, van der Heijde D, Landewé R, Akkoc N, Brandt J, Chou CT,
et al. The assessment of SpondyloArthritis international society classification
criteria for peripheral spondyloarthritis and for spondyloarthritis in general.
Ann Rheum Dis. 2011;70(1):25–31. https://doi.org/10.1136/ard.2010.133645.
Adrovic A, Barut K, Sahin S, Kasapcopur O. Juvenile spondyloarthropathies.
Curr Rheumatol Rep. 2016;18(8):55. https://doi.org/10.1007/s11926-016-0603y.
Aggarwal A, Misra DP. Enthesitis-related arthritis. Clin Rheumatol. 2015;
34(11):1839–46. https://doi.org/10.1007/s10067-015-3029-4.
Kavadichanda CG, Geng J, Bulusu SN, Negi VS, Raghavan M.
Spondyloarthritis and the human leukocyte antigen (HLA)-B(*)27
connection. Front Immunol. 2021;12:601518. https://doi.org/10.3389/
fimmu.2021.601518.
Ricciuto A, Sherman PM, Laxer RM. Gut microbiota in chronic inflammatory
disorders: a focus on pediatric inflammatory bowel diseases and juvenile
idiopathic arthritis. Clin Immunol. 2020;215:108415. https://doi.org/10.1016/j.
clim.2020.108415.
Sharif K, Bridgewood C, Dubash S, McGonagle D. Intestinal and enthesis
innate immunity in early axial spondyloarthropathy. Rheumatology (Oxford).
2020;59(Suppl4):iv67–78.
Tsukazaki H, Kaito T. The role of the IL-23/IL-17 pathway in the pathogenesis
of spondyloarthritis. Int J Mol Sci. 2020;21(17):6401.
van der Have M, Brakenhoff LK, van Erp SJ, Kaptein AA, Leenders M,
Scharloo M, et al. Back/joint pain, illness perceptions and coping are
important predictors of quality of life and work productivity in patients with
inflammatory bowel disease: a 12-month longitudinal study. J Crohns
Colitis. 2015;9(3):276–83. https://doi.org/10.1093/ecco-jcc/jju025.
Levine A, Koletzko S, Turner D, Escher JC, Cucchiara S, de Ridder L, et al.
ESPGHAN revised Porto criteria for the diagnosis of inflammatory bowel
disease in children and adolescents. J Pediatr Gastroenterol Nutr. 2014;58(6):
795–806. https://doi.org/10.1097/MPG.0000000000000239.

Derfalvi et al. Pediatric Rheumatology

(2022) 20:6

22. Maksymowych WP, Mallon C, Morrow S, Shojania K, Olszynski WP, Wong RL,
et al. Development and validation of the Spondyloarthritis research
consortium of Canada (SPARCC) Enthesitis index. Ann Rheum Dis. 2009;
68(6):948–53. https://doi.org/10.1136/ard.2007.084244.
23. Villa-Forte A. Evaluation of the patient with joint symptoms. In Merck
Manual Professional Version Merck & Co, Inc. 2020. Retrieved October 1,
2021, from https://www.merckmanualscom/en-ca/professional/
musculoskeletal-and-connective-tissue-disorders/approach-to-the-patientwith-joint-symptoms/evaluation-of-the-patient-with-joint-symptoms.
24. Mease PJ. Measures of psoriatic arthritis: Tender and Swollen Joint
Assessment, Psoriasis Area and Severity Index (PASI), Nail Psoriasis Severity
Index (NAPSI), Modified Nail Psoriasis Severity Index (mNAPSI), Mander/
Newcastle Enthesitis Index (MEI), Leeds Enthesitis Index (LEI),
Spondyloarthritis Research Consortium of Canada (SPARCC), Maastricht
Ankylosing Spondylitis Enthesis Score (MASES), Leeds Dactylitis Index (LDI),
Patient Global for Psoriatic Arthritis, Dermatology Life Quality Index (DLQI),
Psoriatic Arthritis Quality of Life (PsAQOL), Functional Assessment of Chronic
Illness Therapy-Fatigue (FACIT-F), Psoriatic Arthritis Response Criteria
(PsARC), Psoriatic Arthritis Joint Activity Index (PsAJAI), Disease Activity in
Psoriatic Arthritis (DAPSA), and Composite Psoriatic Disease Activity Index
(CPDAI). Arthritis Care Res (Hoboken). 2011;63(Suppl 11):S64–85.
25. Rudwaleit M, Jurik AG, Hermann KG, Landewe R, van der Heijde D,
Baraliakos X, et al. Defining active sacroiliitis on magnetic resonance
imaging (MRI) for classification of axial spondyloarthritis: a consensual
approach by the ASAS/OMERACT MRI group. Ann Rheum Dis. 2009;68(10):
1520–7. https://doi.org/10.1136/ard.2009.110767.
26. Filocamo G, Consolaro A, Schiappapietra B, Dalpra S, Lattanzi B, MagniManzoni S, et al. A new approach to clinical care of juvenile idiopathic
arthritis: the juvenile arthritis multidimensional assessment report. J
Rheumatol. 2011;38(5):938–53. https://doi.org/10.3899/jrheum.100930.
27. Orban I, Constantin T, Derfalvi B, Sevcic K, Garan D, Kaposzta R, et al. The
Hungarian version of the juvenile arthritis multidimensional assessment
report (JAMAR). Rheumatol Int. 2018;38(Suppl 1):243–50. https://doi.org/10.1
007/s00296-018-3955-y.
28. Ogden CA, Akobeng AK, Abbott J, Aggett P, Sood MR, Thomas AG.
Validation of an instrument to measure quality of life in British children with
inflammatory bowel disease. J Pediatr Gastroenterol Nutr. 2011;53(3):280–6.
https://doi.org/10.1097/MPG.0b013e3182165d10.
29. Hyams JS, Ferry GD, Mandel FS, Gryboski JD, Kibort PM, Kirschner BS, et al.
Development and validation of a pediatric Crohn’s disease activity index. J
Pediatr Gastroenterol Nutr. 1991;12(4):439–47. https://doi.org/10.1097/
00005176-199105000-00005.
30. Hyams J, Markowitz J, Otley A, Rosh J, Mack D, Bousvaros A, et al. Evaluation
of the pediatric Crohn disease activity index: a prospective multicenter
experience. J Pediatr Gastroenterol Nutr. 2005;41(4):416–21. https://doi.org/1
0.1097/01.mpg.0000183350.46795.42.
31. Chouliaras G, Margoni D, Dimakou K, Fessatou S, Panayiotou I, RomaGiannikou E. Disease impact on the quality of life of children with
inflammatory bowel disease. World J Gastroenterol. 2017;23(6):1067–75.
https://doi.org/10.3748/wjg.v23.i6.1067.
32. Cardile S, Romano C. Current issues in pediatric inflammatory bowel
disease-associated arthropathies. World J Gastroenterol. 2014;20(1):45–52.
https://doi.org/10.3748/wjg.v20.i1.45.
33. Greuter T, Bertoldo F, Rechner R, Straumann A, Biedermann L, Zeitz J, et al.
Extraintestinal manifestations of pediatric inflammatory bowel disease:
prevalence, presentation, and anti-TNF treatment. J Pediatr Gastroenterol
Nutr. 2017;65(2):200–6. https://doi.org/10.1097/MPG.0000000000001455.
34. Orchard TR, Wordsworth BP, Jewell DP. Peripheral arthropathies in
inflammatory bowel disease: their articular distribution and natural history.
Gut. 1998;42(3):387–91. https://doi.org/10.1136/gut.42.3.387.
35. Vavricka SR, Rogler G, Gantenbein C, Spoerri M, Prinz Vavricka M, Navarini
AA, et al. Chronological order of appearance of extraintestinal
manifestations relative to the time of IBD diagnosis in the Swiss
inflammatory bowel disease cohort. Inflamm Bowel Dis. 2015;21(8):1794–
800. https://doi.org/10.1097/MIB.0000000000000429.
36. Cohen S, Padlipsky J, Yerushalmy-Feler A. Risk factors associated with
extraintestinal manifestations in children with inflammatory bowel disease.
Eur J Clin Nutr. 2020;74(5):691–7. https://doi.org/10.1038/s41430-019-0490-1.
37. Conti F, Borrelli O, Anania C, Marocchi E, Romeo EF, Paganelli M, et al.
Chronic intestinal inflammation and seronegative spondyloarthropathy in

Page 9 of 9

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

children. Dig Liver Dis. 2005;37(10):761–7. https://doi.org/10.1016/j.dld.2005.
04.028.
Evans J, Sapsford M, McDonald S, Poole K, Raine T, Jadon DR. Prevalence of
axial spondyloarthritis in patients with inflammatory bowel disease using
cross-sectional imaging: a systematic literature review. Ther Adv
Musculoskelet Dis. 2021;13:1759720x21996973.
Giani T, Bernardini A, Basile M, Di Maurizo M, Perrone A, Renzo S, et al.
Usefulness of magnetic resonance enterography in detecting signs of
sacroiliitis in young patients with inflammatory bowel disease. Pediatr
Rheumatol Online J. 2020;18(1):42. https://doi.org/10.1186/s12969-02000433-w.
Leclerc-Jacob S, Lux G, Rat AC, Laurent V, Blum A, Chary-Valckenaere I, et al.
The prevalence of inflammatory sacroiliitis assessed on magnetic resonance
imaging of inflammatory bowel disease: a retrospective study performed on
186 patients. Aliment Pharmacol Ther. 2014;39(9):957–62. https://doi.org/1
0.1111/apt.12680.
de Vlam K, Mielants H, Cuvelier C, De Keyser F, Veys EM, De Vos M.
Spondyloarthropathy is underestimated in inflammatory bowel disease:
prevalence and HLA association. J Rheumatol. 2000;27(12):2860–5.
Horton DB, Sherry DD, Baldassano RN, Weiss PF. Enthesitis is an
extraintestinal manifestation of pediatric inflammatory bowel disease. Ann
Paediatr Rheumatol. 2012;1(4).
Palm O, Moum B, Ongre A, Gran JT. Prevalence of ankylosing spondylitis
and other spondyloarthropathies among patients with inflammatory bowel
disease: a population study (the IBSEN study). J Rheumatol. 2002;29(3):511–
5.
Salvarani C, Vlachonikolis IG, van der Heijde DM, Fornaciari G, Macchioni P,
Beltrami M, et al. Musculoskeletal manifestations in a population-based
cohort of inflammatory bowel disease patients. Scand J Gastroenterol. 2001;
36(12):1307–13. https://doi.org/10.1080/003655201317097173.
Charbit-Henrion F, Parlato M, Hanein S, Duclaux-Loras R, Nowak J, Begue B,
et al. Diagnostic yield of next-generation sequencing in very early-onset
inflammatory bowel diseases: a multicentre study. J Crohns Colitis. 2018;
12(9):1104–12. https://doi.org/10.1093/ecco-jcc/jjy068.
Levine A, Griffiths A, Markowitz J, Wilson DC, Turner D, Russell RK, et al.
Pediatric modification of the Montreal classification for inflammatory bowel
disease: the Paris classification. Inflamm Bowel Dis. 2011;17(6):1314–21.
https://doi.org/10.1002/ibd.21493.
Conrad MA, Kelsen JR. Genomic and immunologic drivers of very earlyonset inflammatory bowel disease. Pediatr Dev Pathol. 2019;22(3):183–93.
https://doi.org/10.1177/1093526619834807.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

