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ABSTRACT

Introduction: MRI allows a better evaluation of
inflammatory and structural lesions of the
sacroiliac joints and spine in patients with axial
spondyloarthritis (axial SpA), so MRI plays an
important role in the classification and diag-
nosis of axial SpA. The aim of our study was to
assess extra-axial MRI findings at pelvic sites
and their possible associations with clinical
indices in patients with axial SpA.
Methods: Axial-SpA patients who were classi-
fied according to the ASAS criteria and consec-
utively attended our clinic were assessed with
pelvic MRI. The main clinical and demographic
characteristics of all patients, including age, sex,
BMI, presence of HLA-B27 and type of axial SpA
(radiographic or nonradiographic), were evalu-
ated. The main indices of disease activity and
joint function were assessed, including BASDAI,
ASDAS-PCR, BASMI and BASFI. Finally, the
presence/absence of inflammatory/structural

lesions at extra-axial structures (the hip joints,
pubic symphysis, greater and lesser trochanters,
ischial tuberosity, iliac spines and iliac crest)
was evaluated.
Results: 35 patients (21 males and 14 females)
with a mean age (SD) of 47 (12.7) years and a
mean duration of symptoms of 5 (2.1) years
were enrolled. Hip abnormalities were found in
14 (40%) patients. Trochanteric enthesopathy/
bursitis and pubic osteitis were found in 2
patients (5.7%) and 1 patient (2.8%), respec-
tively. No other abnormalities were found at
other sites. We found significant associations
between the presence of extra-axial alterations,
disease activity and joint function.
Conclusions: Our study demonstrated the
presence of extra-axial abnormalities in more
than one-third of patients with axial SpA, sug-
gesting that MRI evaluation should be extended
to the entire pelvis.
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Key Summary Points

MRI assessment of the sacroiliac joints and
spine is fundamental to the diagnosis,
assessment and monitoring of axial-SpA
patients.

MRI allows the examination of not only
the sacroiliac joints and spine but the
entire pelvis, with the possibility of
evaluating extraspinal abnormalities.

MRI hip involvement was frequently seen
in our group of axial-SpA patients, even in
patients without clinical symptoms and
with ‘‘early’’ disease. However, other
entheseal sites do not seem to be
frequently involved.

The presence of extra-axial lesions is
associated with high disease activity and
the worst function.

INTRODUCTION

Spondyloarthritis (SpA) is the collective term for
a group of chronic inflammatory diseases that
predominantly affect the axial skeleton. The
Assessment of Spondyloarthritis International
Society (ASAS) provides validated classification
criteria for axial SpA, including both nonradio-
graphic axial SpA (nr-axSpA) and ankylosing
spondylitis (AS) [1]. The cornerstones of these
classification criteria, which were developed to
improve upon the sensitivity of the previous
New York criteria for SpA and to allow early
diagnosis, are the presence of HLA-B27 (a
genetic biomarker) and bone marrow oedema at
sacroiliac (SI) joints as assessed with magnetic
resonance imaging (MRI) [2]. In particular, MRI
assessment allows the evaluation of spinal,
entheseal and articular inflammation and the
possibility of detecting inflammation and
structural abnormalities at spinal and sacroiliac
joints, improving diagnostic confidence [3, 4].

However, patients with axial SpA may have
peripheral joint involvement; in particular,
clinically evident shoulder and hip involve-
ment was observed in up to 30% of patients,
decreasing articular function and quality of life
[5]. Moreover, aside from the well-known
involvement of Achilles tendon enthesis, few
studies on the involvement of other extra-axial
pelvic sites have been published. In particular,
the presence of inflammation and/or structural
lesions at other pelvic structures in patients
with AS has been described [6, 7], but the clin-
ical impact of the inflammation and/or lesions
remains largely unclear, especially in the early
phases of the disease. Also, bone structural
changes do not tend to take place early in the
course of the disease, and traditional assessment
with radiographs may underestimate the fre-
quency of involvement of hip and other pelvic
structures, resulting in a diagnostic delay [7].
Moreover, the widespread use of MRI in patients
with axial SpA for diagnostic, classification,
assessment and monitoring purposes may make
the evaluation of the involvement of other
pelvic structures more feasible.

The aim of this study was to assess extra-axial
MRI findings at pelvic sites and the possible
associations of them with clinical activity and
joint function in patients with axial SpA, based
on MRI assessment of the pelvis.

METHODS

Study Design

This was a cross-sectional study conducted in an
Italian tertiary referral rheumatology centre
involved in clinical research on axial SpA. All
procedures performed in studies involving
human participants were carried out in accor-
dance with the ethical standards of the institu-
tional and/or national research committee and
with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards.
Informed consent was obtained from all indi-
vidual participants included in the study. The
study was approved by the Institutional Review
Board of the University of Molise.
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Patient Selection

Consecutive patients with axial SpA (as classi-
fied using the ASAS criteria [2]) who attended
our clinic between 1 September 2020 and 31
March 2021 were assessed.

Exclusion criteria were:

1. Age\ 18 years
2. Recent (\12 months previously) pelvic

trauma
3. Duration of symptoms[ 10 years.

Patient data, including age, sex, diagnosis
(nr-axSpA and AS), disease duration, presence of
extra-articular manifestations (EAM) (i.e. uvei-
tis, inflammatory bowel diseases, psoriasis) and
current comorbidities, were collected. The
presence of tender (out of 68) and swollen (out
of 66) joints, dactylitis and peripheral enthesitis
was also evaluated. The disease activity indices
used were the Bath Ankylosing Spondylitis
Disease Activity Index (BASDAI) [8] and the
Ankylosing Spondylitis Disease Activity Score
(ASDAS) [9]. The degree of X-ray sacroiliitis
according to the New York criteria (within
6 months from the visit) [10], the erythrocyte
sedimentation rate (ESR, mm/h) and the C-re-
active protein (CRP) level (mg/dl) were also
evaluated.

MRI Assessment

All patients underwent MRI of the SI joints and
pelvis at the time of enrolment (± 1 month
from thebaseline visit).

MRI of the SI joints and pelvis was performed
with a 1.5 T MAGNETOM Verio scanner. MRI of
the SI joints was performed using coronal T1-
weighted (T1WI) turbo spin echo (TSE) and
T2WI TSE ? STIR sequences. For each sequence,
the field of view was 320 mm and the thickness
of each slice was 4 mm with an interval of
1 mm. Additionally, a STIR sequence was used
to acquire 25 slices of the SI joints in a coronal
plane parallel to the long axis of the SI joints;
the thickness of each slice was 4 mm. The
presence of active inflammatory lesions (bone
oedema) at SI joints was evaluated according to
ASAS criteria [2]. The Spondyloarthritis

Research Consortium of Canada (SPARCC) MRI
index was used to assess the presence of
inflammatory lesions in the SI joints [11]. MRI

Table 1 Clinical, demographic and radiological features of
the enrolled axial-SpA patients

Male/female 21/14

Age in years, mean (SD) 47 (12.7)

Disease duration in years, mean (SD) 5 (2.1)

BMI, median (IQR) 24.2 (22–26.3)

Nr-axSpA (%) 15 (42.9)

AS (%) 20 (57.1)

Extra-articular manifestations, n (%)

Uveitis 6 (17.1)

Psoriasis 2 (5.7)

Crohn’s disease/ulcerative colitis 5 (14.2)

BASDAI, median (IQR) 5 (2–6.5)

ASDAS-CRP, median (IQR) 2.8 (1.7–3.3)

BASFI, median (IQR) 5 (1.5–6.3)

BASMI, median (IQR) 2 (0–4)

HLA-B27? (%) 19 (63.3%)a

CRP in mg/dl, median (IQR) 0.5 (0.3–1.2)

Treatment (%)

NSAIDs 20 (57.1)

csDMARDs 4 (11.4)

Biologic (anti-TNF, anti-IL-17A) 13 (37.1)

SPARCC, median (IQR) 3 (0–12)

SD standard deviation, IQR interquartile range, BMI body
mass index, nr-axSpA nonradiographic axial spondy-
loarthritis, AS ankylosing spondylitis, BASDAI Bath
Ankylosing Spondylitis Disease Activity Index, ASDAS
Ankylosing Spondylitis Disease Activity Score, BASFI Bath
Ankylosing Spondylitis Funtional Index, BASMI Bath
Ankylosing Spondylitis Metrology Index, CRP C-reactive
protein, NSAIDs nonsteroidal anti-inflammatory drugs:
conventional synthetic disease-modifying antirheumatic
drugs, SPARCC Spondyloarthritis Research Consortium
of Canada Scoring System
a HLA-27 not available for 5 patients
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of the pelvis was performed using transverse
and coronal T1WI TSE and transverse and
coronal T2WI TSE ? STIR sequences in order to
assess the presence/absence of inflammatory/
structural lesions at extra-axial structures (in
particular, we aimed to evaluate the hip joints,
pubic symphysis, greater and lesser trochanters,
ischial tuberosity, iliac spines and iliac crest). In
this study, we defined the hip MRI findings as
previously described by Huang et al. [12].

The presence of subchondral bone marrow
oedema, joint effusion, abnormal synovial
enhancement or enthesitis on MRI was consid-
ered to be a marker of active inflammatory
changes. Additionally, subchondral erosive
destruction, joint space narrowing, fat infiltra-
tion, sclerosis and ankylosis were considered to
be findings of chronic inflammatory changes.
The MR images were evaluated by an expert
radiologist blinded to the clinical features of the
patients.

The patients were divided into two groups:
those with no evidence of pelvis abnormalities
outside the SI joints and those with at least one
extra-axial finding. Differences between the two
groups in disease activity and functional indices
were evaluated.

The associations of the presence of extra-ax-
ial abnormalities with the main demographic
and clinical variables were studied. In particu-
lar, we evaluated the associations with disease
activity and functional indices. For this pur-
pose, the variables of interest were categorized
as follows: low (\ 0.5 mg/dl) or high (C 0.5 mg/
dl) CRP; inactive disease (B 1.3) or low/high/
very high ASDAS ([ 1.3), BASDAI B 4 or[ 4;
BASFI B 1.5 or[ 1.5 [13]; BASMI 0 or[0.

The study protocol was in compliance with
the Declaration of Helsinki; written consent was
obtained from each participant. The study was
approved by the Institutional Review Board of

Table 2 MRI findings for our axial-SpA patients

Finding n (%)

Presence of extraspinal pelvic involvement 14 (40)

Hip involvement 14 (40)

Hip effusion 11 (31.4)

Hip bone marrow oedema 1 (2.8)

Fat infiltration 2 (5.7)

Joint space narrowing 4 (11.4)

Erosion/sclerosis/ankylosing spondylitis 0 (0)

Enthesitis/trochanter bursitis 2 (5.7)

Pubic osteitis 1 (2.8)

Ischial tuberosity enthesitis 0 (0)

Enthesitis of the iliac spines and crest 0 (0)

Table 3 Differences in clinical and MRI disease activity and functional indices between patients with and without pelvic
extra-axial MRI abnormalities

Patients with no MRI pelvic abnormalities
(n = 21), median (IQR)

Patients with at least one MRI abnormality
(n = 14), median (IQR)

p value

ASDAS-

CRP

2.2 (1.3–2.4) 3.2 (2.4–3.4) 0.04

BASDAI 3 (1.7–6.5) 5 (2.1–7) 0.08

BASMI 1 (0–1) 2 (1–3) 0.1

BASFI 4 (1–5) 5 (1.2–6) 0.09

SPARCC 3 (0–11.7) 3 (0–12) 0.59

IQR interquartile range, ASDAS Ankylosing Spondylitis Disease Activity Score, CRP C-reactive protein, BASDAI Bath
Ankylosing Spondylitis Disease Activity Index, BASMI Bath Ankylosing Spondylitis Metrology Index, BASFI Bath
Ankylosing Spondylitis Funtional Index, SPARCC Spondyloarthritis Research Consortium of Canada Scoring System
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the University of Molise (protocol no. 0001-09-
2017).

Statistical Analysis

After testing for normally distributed data,
descriptive results were reported as the mean
(standard deviation, SD) or median (25th–75th
percentile) value for continuous variables or the
number (percentage) for categorical ones.

For continuous variables, the significance of
the difference was determined using Student’s
t test of unpaired data for normally distributed
variables and the Mann–Whitney test of
unpaired samples for non-normally distributed
variables. Categorical variables were compared
using the v2 test or Fisher’s exact test. Odds
ratios were also calculated.

All statistical tests were two-sided at the 5%
level and performed using SPSS software (ver-
sion 17.0; SPSS, Inc. Chicago, IL, USA).

RESULTS

35 patients (21 males and 14 females) with a
mean age (SD) of 49 (12.7) years, a mean dura-
tion (SD) of symptoms of 5 (2.1) years and a
mean disease duration (range) of 3 (0–5) years
were enrolled between 1 September 2020 and 31
March 2021. Of the 35 enrolled patients, only 3
(8.5%) had pain in or limited function of one or
both hips at clinical examination.

Table 1 shows the clinical, demographical
and radiological features of the enrolled
patients. Table 2 shows the MRI findings at
extra-axial sites in our axial-SpA patients. Joint
effusion at the hip joints was found in 11
(31.4%) patients. Trochanteric enthesopathy/
bursitis and pubic osteitis were found in 2
patients (6.4%) and in 1 patient (2.8%),
respectively. Bone marrow oedema was found
in 1 patient and involved the right femoral
head. No other abnormalities were found at
other sites. Table 3 shows the differences in
clinical and MRI disease activity and functional
indices between patients with and without
pelvic extra-axial MRI abnormalities. Median
ASDAS-CRP was significantly higher in patients
with extra-axial MRI abnormalities. Table 4
shows the associations between the presence of
extra-axial abnormalities and the main clinical
features, disease activity and functional indices.
We found significant associations between the
presence of extra-axial abnormalities, disease
activity (ASDAS-CRP) and joint function
(BASFI). Figure 1 shows some hip abnormalities
found in our patients. No associations were
found between the extent of SI bone marrow
oedema (by SPARCC) and the presence of extra-

Table 4 Associations between the presence of extra-axial
pelvic involvement at MRI and clinical features including
sex, BMI, subset of axial SpA, disease activity and func-
tional indices

Odds ratio (95% CI) p value

Sex

Male vs female

0.47 (0.09–2.3) 0.35

BMI

[ 26 vs B 26

1.07 (0.2–5.6) 0.91

Disease duration

Male vs female

0.54 (0.09–2.3) 0.64

Subset

AS vs nr-axSpA

1.08 (0.2–5.6) 0.91

ASDAS-CRP

[ 2.1vs B 2.1

14.62 (1.5–138) 0.019

BASDAI

[ 4 vs B 4

5.3 (0.9–31) 0.06

BASMI

[ 0 vs 0

15.9 (0.8–307) 0.06

BASFI

[ 1.5 vs B 1.5

14.62 (1.5–138) 0.019

BMI body mass index, AS ankylosing spondylitis, nr-axSpA
nonradiographic axial spondyloarthritis, ASDAS-CRP
Ankylosing Spondylitis Disease Activity Score—C-reactive
protein, BASDAI Bath Ankylosing Spondylitis Disease
Activity Index, BASMI Bath Ankylosing Spondylitis
Metrology Index, BASFI Bath Ankylosing Spondylitis
Functional Index
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axial abnormalities. It can be speculated that
the two processes may not be strictly associated.

DISCUSSION

It is now widely recognized that MRI is a fun-
damental tool for the diagnosis and assessment
of axial SpA patients, especially in the early
phases of the disease [2]. This tool allows the
detection of bone marrow oedema in spinal and
SI joints as well as other acute and structural
abnormalities at this level. However, at the
same time, MRI can show the presence of some
potential abnormalities at other sites that are
not always considered in the global evaluation.

A Chinese study based on MRI showed that
in 186 patients who had pain or limited hip
function due to AS and for whom radiographic
evidence of hip involvement was lacking, 168
(90%) displayed positive results on MRI and
were ultimately diagnosed with early-stage hip
involvement. Younger age at onset, worse
BASMI score and more active inflammation in
the SI joints were significantly associated with
the occurrence of hip involvement [14].

Moreover, Huang Zhen-Guo et al. demon-
strated abnormalities in 86 (74.1%) of 116 hips
in 58 patients with AS. Joint effusion was
observed in 73 (62.9%). Enthesitis was also

detected in 22 (19.0%) hips, fatty accumulation
of the bone marrow in 28 (24.1%) hips, bone
erosive destruction in 32 (27.6%) hips and joint-
space narrowing in 4 (3.4%) hips [7].

In our study, we found hip effusion in about
one-third of patients, while structural abnor-
malities were present in very few patients. One
patient had hip bone marrow oedema, which,
given its severity, was judged to be related to
axial SpA. The rate of patients with abnormali-
ties seems to be lower than in published data;
however, disease duration was low in our study,
and about half of the patients were classified as
having nonradiographic SpA. In this light, we
have demonstrated that MRI findings are pre-
sent even in the ‘‘early’’ phases of the disease.
Furthermore, and more interestingly, the pres-
ence of extra-axial pelvic abnormalities was
associated with the probability of not having
low disease activity or having the worst func-
tion. Moreover, our study specifically investi-
gated other potential sites of inflammation.

Finally, our study showed that, beside
involvement of the hip, other extraspinal
entheseal sites are rarely involved in axial SpA.

This study has some limitations. First, the
small sample size may have affected the rate of
extraspinal involvement. Second, older axial-
SpA patients may have hip degenerative chan-
ges, and it is sometimes difficult to differentiate

Fig. 1 A Bilateral trochanteric bursitis (white arrows) in a
patient with ankylosing spondylitis. The red arrow shows
an area of bone oedema in the vertebral angle as a further

finding in the reported sequence. B Presence of intra-
articular effusion of the right coxofemoral joint (white
arrows) in a patient with ankylosing spondylitis
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between a change caused by axial SpA and a
change caused by osteoarthritis. However, the
mean age of patients with extraspinal involve-
ment was only 44 years. Finally, biologic treat-
ment may reduce the presence of inflammation
at different sites. This, in turn, may lead to an
underestimation of the real prevalence of extra-
axial lesions.

CONCLUSION

In conclusion, about one-third of the axial-SpA
patients in our group had hip inflammatory
changes, which is a much higher rate than the
rate of hip involvement according to clinical
symptoms, suggesting that MRI evaluation
should be extended to the entire pelvis.

Further prospective studies are needed to
evaluate if the early presence of acute inflam-
mation or early structural changes at extra-axial
sites may predict a bad outcome or lead to
residual disease activity and the worst function,
even in biologic-treated patients.
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