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Abstract
Objectives To evaluate the association between inflammatory back pain (IBP) features, acute and structural MRI findings
suggestive of sacroiliitis, and diagnosis of spondyloarthritis (SpA).
Methods Data from 224 patients who underwent MRI for suspected sacroiliitis (2005–2015) was retrospectively reviewed by an
expert rheumatologist for the presence of IBP features and for clinical standard of reference diagnosis. A telephone questionnaire
was performed in cases of missing data. Acute and structural MRI parameters were scored by an experienced radiologist for the
presence of sacroiliitis using the Assessment of Spondyloarthritis International Society (ASAS) criteria, Berlin score, and
observer’s global impression (GI) scores. Association between IBP features and MRI scores, and odds ratio for SpA diagnosis,
were calculated.
Results One hundred ninety-three subjects were included (119 F:74 M, mean age 39.7 ± 15.6, mean follow-up 49 ± 18 months).
Fifty-two (26.9%) subjects were diagnosed with SpA. IBP scores were significantly higher in SpA patients (p < 0.001). IBP,
ASAS, and GI MRI scores were significantly associated with the SpA diagnosis (p < 0.001 for all). The presence of night pain
and morning stiffness was significantly associated with sacroiliac-joints’ bone marrow edema (BME, p < 0.05). Sensitivity for
diagnosis of SpAwas high for IBP (96%) and low for the MRI parameters (26.9–57.4%), and specificity was low for IBP (32%)
and high for the MRI parameters (88.3–94.3%).
Conclusions The presence of IBP features is highly associated with diagnosis of SpA and correlates withMRI BME, all probably
reflect inflammation. The combination of IBP and MRI should be the cornerstone in the clinician’s final diagnosis of SpA.
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Introduction

Axial spondyloarthropathy (axSpA) is a group of chronic
inflammatory rheumatic diseases; the hallmark of which
is inflammatory back pain (IBP) [1]. IBP is characterized

by pain that begins insidiously in a person younger than
40, continues for more than 3 months, is associated with
morning stiffness and night pain, and improves with
physical activity [2]. These IBP features are included in
different diagnostic criteria sets, used both in research
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and in clinical practice [3, 4]. Typically, the initial man-
ifestation of axSpA on imaging is sacroiliitis, which may
be evident on plain radiographs. The presence of
sacroiliitis on plain radiographs is the basis of the mod-
ified New York criteria of 1984 for the diagnosis of
ankylosing spondylitis (AS). The presence of sacroiliitis
on radiographs is also part of the diagnostic criteria for
SpA according to European Spondyloarthropathy Study
Group (ESSG) criteria and the Amor criteria [5]. While
these criteria have been used by rheumatologists in ev-
eryday practice for diagnosing SpA, they are not optimal
mainly due to a delay of years in diagnosing sacroiliitis
on radiographs [6]. MRI has been shown to be more
sensitive in detecting sacroiliitis than radiographs [7].
Indeed, osteitis, seen as periarticular bone marrow edema
(BME), is evident on MRI several years prior to the
development of structural changes visible on radiograph,
thus facilitating early diagnosis and treatment [7]. To this
end , ASAS (Asses smen t o f Spondy loa r t h r i t i s
International Society) introduced the new axSpA classi-
fication criteria in 2009, whereby MRI of the sacroiliac
joints was incorporated alongside radiological examina-
tion. MRI findings suggestive of SpA can be divided
into two groups: acute inflammatory and chronic, struc-
tural lesions. Acute lesions include BME, enthesitis, and
capsulitis, while structural lesions include subchondral
sclerosis, erosions, fat metaplasia, and ankylosis [8].

The pathogenesis underlying IBP is not fully understood;
however, it is presumed that acute inflammation, as evident in
and around the sacroiliac joints (SIJs) on MRI, contributes to
this central clinical manifestation of SpA. Albeit, the associa-
tion between acute and structural lesions on MRI of the SIJs
with IBP has not been fully investigated. Herein, we aimed to
retrospectively evaluate the association between IBP features
and acute and structural lesions of sacroiliitis detected on
MRI. We evaluate the association between the different imag-
ing and IBP scores and the standard of reference of clinical
diagnosis given by a rheumatologist, in order to encounter the
best predictors for SpA among the different clinical and im-
aging features.

Materials and methods

Ethical considerations

The study was conducted according to the guidelines of the
Declaration of Helsinki and approval of the institute’s review
board (9192-11-SMC), allowing for the retrospective retrieval
of data, analysis of MRI examinations, and performance of
telephone interviews. Due to the retrospective nature of this
study, informed consent was waived.

Patients

Inclusion criteria A. Subjects who were referred for and per-
formed MRI examination of the sacro-
iliac joints for suspected sacroiliitis in
our institution during the years 2005 to
2015

B. Subjects who were whether attainable by telephone, or
had a close and updated follow-up in our institution at
the time of data retrieving

Exclusion criteria Subjects who could not be contacted and for
whom data regarding symptoms was incomplete were
excluded.

MRI examinations and clinical data were retrospectively
retrieved from the hospital’s computerized archives. A tele-
phone interview was conducted in order to verify data and to
obtain missing or incomplete information when needed.

Clinical parameters

IBP parameters included pain duration of more than 3 months,
the presence of pain during the second half of the night, morn-
ing stiffness, improvement of pain with exercise, and symp-
tom onset before the age of 40. IBP features were given a
binary score (present = 1, absent = 0) and were summed up
to a final IBP score of 0–5. Demographic data such as gender,
age, and follow-up time were registered.

Patients were classified into different diagnostic groups:
SpA, other autoimmune diseases, mechanical back pain, ma-
lignancy, infection, and fibromyalgia. Classification was per-
formed by an expert rheumatologist with 6 years of experi-
ence, based on integrated information from medical files and
patients’ interviews. This classification was used as the stan-
dard of reference for diagnosis in this study.

MRI examinations and evaluation

MRI examinations were carried out on a 1.5 T unit (Signa
HDX, GE Healthcare, Milwaukee, USA) or a 3.0 T unit
(Inginia, Philips Healthcare, Amsterdam, The Netherlands)
with a phased-array 8/16-element coil. The examination was
performed in the semicoronal orientation (along the long axis
of the sacrum and perpendicular to the S2 vertebral body) in
T1-W (TR = 534, TE = 8.9) and T2-W with fat saturation
(TR = 6079, TE = 80).

All MRI examinations were retrospectively evaluated by a
musculoskeletal radiologist with 16 years of experience in SIJ
MRI reading. MRI examinations were scored according to the
Berlin scoring system [9]. Briefly, parameters including BME,
subchondral sclerosis, erosions, fat metaplasia, and ankylosis
were analyzed in each quarter (upper ilium, lower ilium, upper
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sacrum, lower sacrum). All MRI examinations were evaluated
using the ASAS criteria for a positive MRI, with an active
sacroiliac inflammation defined as either one BME lesion on
two consecutive slices or two BME lesions on the same slice,
with a pattern suggestive of axSpA [10]. Minimal, question-
able BME lesions not suggestive of SpAwere not considered
positive using these criteria. A global impression (GI) for the
presence of definite sacroiliitis, possible/indecisive sacroiliitis,
and no sacroiliitis on MRI was given using information from
the entire MRI study regarding both active and structural
lesions.

Statistics

The correlation between the Berlin score and the standard of
reference diagnosis was tested using binomial logistic hierar-
chal regression. The first step of the regression used only the
BME score, and the second step used the rest of the Berlin
score (e.g., the structural lesion). The five components of the
IBP score were separately correlated to the active and struc-
tural aspects of the Berlin score using point biserial correla-
tion. In order to compare the accuracy of the Berlin score with
the GI score, a one-way ANOVA test was used.

In order to determine the correlations of the MRI parameter
of the ASAS score with the two main parts of the Berlin score
(BME and the rest of the Berlin score), a point biserial corre-
lation was calculated.

Comparison was made in order to detect the best predictor
for axSpA. Since several of the predictors (ASAS, Berlin, GI)
are based on the same imaging information, and since these
predictors may thus be highly correlated, multicollinearity
may be a weak point in trying to base a prediction on these
predictors. In order to try and find the strongest predictor
among the scores in this study, four different hierarchical bi-
nomial regression models were calculated using all scores as
predictors, but with a different score entered as a last block.
The Nagelkerke R2 change between the first and second block
were examined for each model to determine the effectiveness
of each predictor beyond the predictive power of the other
scores. Association between the categorical measures (IBP,
ASAS, GI) and the standard of reference diagnosis was cal-
culated using Fisher’s exact test. Odds ratio, negative predic-
tive value (NPV), and positive predictive value (PPV) were
calculated.

One-way ANOVA was used in order to compare IBP scores
between different diagnostic groups (SpA, other autoimmune dis-
eases, mechanical back pain, malignancy, infection, and fibromy-
algia), with Dunnett’s post hoc analysis for multiple comparisons.

For all calculations, only an IBP score of 2 and above was
considered as positive. In order to validate the findings, ANOVA
tests were used in examining demographic details submitted by
test subjects, age in particular.

All calculations were made using IBM SPSS 23 and
GraphPad Prism software (San Diego, CA, version 6.01)
Figures were created using Prism GraphPad.

Table 1 Patients standard of reference diagnosis distribution for epidemiology, inflammatory back pain score, Berlin score, global impression for the
presence of sacroiliitis, and ASAS MRI positive score

Diagnosisa

(No. patient,
%)

Age
(average ±
SD)

Gender (F
No., %)

Follow-up time
(month, average
± SD)

IBP
(average
± SD)

Berlin score
(average ±
SD)

GI positive for
sacroiliitis
(No., %)

GI inconclusive
for sacroiliitis
(No, %)

GI negative for
sacroiliitis
(No., %)

Positive
ASAS
(No., %)

AxSpA
n = 52
(26.9%)

35.1 ± 11 28 (53.8%) 51.17 ± 17 3.6 ± 1.2 13.4 ± 16 27 (51.9%) 5 (9.6%) 20 (38.5%) 27 (51.9%)

Other AI
disease
n = 5
(2.6%)

41.4 ± 23.2 2 (40%) 56 ± 16.9 2.2 ± 0.83 4.8 ± 4.6 1 (20%) 1 (20%) 3 (60%) 1 (20%)

Mechanical
pain
n = 102
(52.8%)

41 ± 16.9 70 (68.6%) 48 ± 16.3 1.9 ± 1.2 3.4 ± 7.1 14 (13.7%) 1 (1.0%) 87 (85.3%) 11 (10.8%)

Malignancy
n = 2
(1.03%)

45.4 ± 25.3 1 (50%) 57 ± 33.9 1.5 ± 2.1 3 ± 4.24 0 (0%) 0 (0%) 2 (100%) 0 (0%)

Infection
n = 12
(6.2%)

26.5 ± 17.1 3 (25%) 52.3 ± 26 1.2 ± 0.9 13.1 ± 11.8 1 (8.3%) 0 (0%) 11 (91.7%) 2 (16.7%)

Fibromyalgia
n = 20
(10.4%)

42.6 ± 11.7 15 (75%) 49 ± 18.9 2.3 ± 11.1 1.7 ± 2.5 0 (0%) 2 (10%) 18 (90%) 2 (10%)

AxSpA axial spondyloarthropathy, AI auto-immune, IBP inflammatory back pain, GI global impression, ASAS Assessment of Spondyloarthritis
International Society. a Standard of reference diagnosis made by an experienced rheumatologist
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Results

Epidemiology and clinical features

Two hundred twenty-four subjects had undergone an MRI for
suspected sacroiliitis between 2005 and 2015. A total of 193
subjects (119 F: 74M,mean age 39.7 ± 15.6) were included in
the final analysis after excluding 31 subjects due to insuffi-
cient clinical data. Mean clinical follow-up period for these
patients was 49 months ± 17.5 (range 17–110 months).

Distribution of patients by different diagnoses is present in
Table 1. Other autoimmune diseases included two patients
with rheumatoid arthritis, one with SAPHO, one with tran-
sient synovitis, and one with Behcet’s disease. Mean age
was significantly lower in SpA compared in mechanical back
pain group (36.1 ± 11 vs. 42.1 ± 16.9, years, p < 0.01).

IBP vs. Berlin score, ASAS, and GI

Association of the different IBP features with the two main
parts of the Berlin score (BME and structural) is detailed in
Table 2. Association of the IBP features with the ASAS MRI
criteria and the GI is detailed in Table 3. Night pain and morn-
ing stiffness were the only IBP features with significant asso-
ciation to BME alone (p = 0.03, p = 0.01 respectively). While
analyzing the association of all the Berlin criteria together
(including both acute and structural lesion), only night pain
remained significant (p = 0.01).

Night pain and morning stiffness were also significant-
ly associated with positive ASAS MRI criteria (p < 0.01
for both) and with positive GI score (p < 0.01 for both).
Beginning of the pain before the age of 40 and improve-
ment with exercise were significantly associated only with
the positive ASAS MRI criteria (p = 0.013, p = 0.026
respectively).

When comparing the different scores with each other,
among patients with positive IBP (defined as 2 and
above), 12 (27.3%) patients had a positive GI (p =

0.0002, OR = 4.5) and 18 (41.8%) had a positive ASAS
(p = 0.0007, OR = 3.7).

IBP, Berlin, ASAS, GI scores, and diagnosis of SpA

The IBP, Berlin, ASAS, and GI scores utilized in this study
were all found to be viable predictors for SpA, as diagnosed
by a rheumatologist (p < 0.001, Table 4). The calculated sen-
sitivity of IBP was 96%, and specificity was 32%, with NPV
of 95% and PPVof 34%. The Nagelkerke R2 change for IBP
was the highest (0.231, Table 4). Sensitivity of the MRI pa-
rameters (Berlin, ASAS, GI) was lower (26.9–57.4%) with
higher specificity (88.3–94.3%).

Subjects in the SpA group had significantly higher IBP
scores compared to mechanical back pain, infections, and fi-
bromyalgia (3.6 ± 1.2 vs. 1.9 ± 1.2, 1.08 ± 0.9, 2.3 ± 1.1, re-
spectively, p < 0.01 for all groups) (Fig. 1a).

Berlin scores were significantly higher in the SpA group
compared in the mechanical back-pain and fibromyalgia
(13.44 ± 15.9, 3.3 ± 7.1, 1.6 ± 2.5, respectively, p < 0.01 for
both groups, Fig. 1b). Berlin score was higher in the infections
group compared in themechanical back pain and fibromyalgia
as well (13.08 ± 11.8, p < 0.01, p = 0.012 respectively).

GI and ASAS MRI scores were not significantly different
between the diagnostic groups (Fig. 1c).

Table 2 Correlation between
inflammatory back pain features,
the presence of bone marrow
edema, and structural lesions on
MRI of the sacroiliac joints,
calculated using point biserial
correlation

IBP feature Berlin score, BME
only

Berlin score,
aStructural

OR (for IBP and final
diagnosis)

Duration above 3 months p = 0.52, r = − 0.46 p = 0.24, r = − 0.08 7.6

Night pain p = 0.03*, r = 0.16 p = 0.001*, r = 0.24 6.6

Morning stiffness p = 0.01*, r = 0.18 p = 0.08, r = 0.14 7.5

Began before the age of
40

p = 0.14, r = 0.11 p = 0.64, r = 0.03 9.8

Improvement with
exertion

p = 0.1. r = 0.12 p = 0.11, r = 0.12 4.4

IBP inflammatory back pain, BME bone marrow edema, OR odds ratio. a Structural lesions include erosions, fat
metaplasia, subchondral sclerosis, ankylosis

Table 3 Association between the inflammatory back pain features,
ASAS MRI criteria, and global impression positive for sacroiliitis

IBP criteria ASAS positive GI positive

Duration above 3 months p = 1, OR = 1.14 p = 0.6, OR = 0.8

Night pain p < 0.01*, OR = 2.8 p < 0.01*, OR = 2.9

Morning stiffness p < 0.01*, OR = 2.7 p < 0.01*, OR = 3.1

Began before the age of 40 p = 0.013*, OR = 3.1 p = 0.08, OR = 2.1

Improvement with exertion p = 0.026*, OR = 2.3 p = 0.14, OR = 1.8

IBP inflammatory back pain, ASAS Assessment of Spondyloarthritis
International Society, GI global impression, OR odds ratio
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Discussion

In this report, we evaluated the association between fea-
tures of inflammatory back pain and MRI of the sacroiliac
joint, in order to find the best predictors for SpA. Our
results show a strong association of night pain and morning
stiffness with bone marrow edema seen on MRI. Night
pain was associated with the rest of the parameters in the
Berlin score (including fat metaplasia, erosions, sclerosis,
and ankyloses). Night pain and morning stiffness were as-
sociated with positive ASAS MRI and positive MRI global
impression as well. All scores (IBP, Berlin, ASAS, and GI)
were predictors for diagnosis of SpA, with IBP having the
greatest contribution in the prediction model.

Association of specific anamnestic features and MRI
lesions was previously reported, describing association
between morning stiffness, sclerosis of the SIJ, and night
pain with the MRI finding of BME [11]. BME most likely
represent the active inflammatory process of the disease
and is related to inflammatory infiltrates in other autoim-
mune joint diseases [12]. The connection between com-
plains of night pain, morning stiffness, and inflammation
may direct the clinician in the decision to perform an
MRI, and to consider therapy against inflammation, in
comparison to late, non-active disease.

Night pain and morning stiffness were significantly as-
sociated with positive ASAS MRI and with positive glob-
al impression as well. It is interesting to note that positive

Table 4 Association between
inflammatory back pain score,
Berlin score, ASAS MRI, global
impression scores, and the
standard of reference diagnosis of
SpA given by a rheumatologist

Score Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

OR Final diagnosis of
SpA

Nagelkerke R2

change

IBP 96 32 34.5 95.8 12.1 p < 0.001** 0.231

Berlin 26.9 94.3 63.6 77.8 1.07 p < 0.001** 0.175

ASAS 51.9 88.5 62.8 83.2 8.4 p < 0.001** 0.008

GI 57.4 88.3 62.8 85.8 10.21 p < 0.001** 0.02

IBP inflammatory back pain, ASAS Assessment of Spondyloarthritis International Society, GI global impression,
PPV positive predictive value, NPV negative predictive value, OR odds ratio

Fig. 1 Inflammatory back pain
score, Berlin score, positive
global impression and ASAS
MRI for sacroiliitis in different
diagnoses. a Inflammatory back
pain score in different diagnoses.
b Berlin score in different
diagnoses. Data is shown as
average ± SD. c Positive global
impression and ASAS MRI in
different diagnoses. ASAS
Assessment of Spondyloarthritis
International Society, IBP
inflammatory back pain, SpA
spondyloarthropathy, AID
autoimmune diseases, GI global
impression, **p < 0.001
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ASAS MRI was associated with improvement of pain
with excretion and beginning of the pain before the age
of 40 as well, again substantiating the role of BME le-
sions in the sacroiliac joints in pain induction.

IBP scores were significantly higher in the SpA group
compared in the majority of the other diagnoses. Among
the US population, 6% meet the criteria for IBP, whereas
only 1% are diagnosed with SpA [13]. IBP is known to be
a sensitive but rather a non-specific measure for SpA di-
agnosis [14]. The literature shows a range of values for
sensitivity and specificity of IBP, varying from sensitivity
of 70–95% and specificity of 76–81% [2, 15, 16]. Our
results are indeed in agreement with the literature showing
high sensitivity of 96%, but lower specificity of 32%. The
lower specificity of IBP seen in the current study may be
due to its retrospective nature and different cohort selec-
tion; however, it may also indicate an inborn weakness of
this parameter precluding its use as a standalone tool for
SpA diagnosis. Diagnostic abilities are improved by
adding MRI in the diagnostic workup, substantiating its
important role in the diagnosis of SpA.

Berlin score was significantly elevated in both SpA and
infection groups. The high Berlin score in patients suffering
infections represents false positive results due to shared in-
flammatory features such as osteomyelitis which is represent-
ed by BME onMRI [17, 18]. TheseMRI similarities stress the
need to consider this differential diagnosis in selected patients,
and warrants caution in MRI interpretation.

Our results should be interpreted with caution due to limita-
tions of this study, including its retrospective nature and the
heterogeneous group of patients in different disease stages in-
volved. Although this heterogeneity may have complicated the
conclusion drawing, it closely resembles the admixture of pa-
tients encountered in clinical practice. Indeed, this heterogene-
ity manifested in the cohort’s female predominance (28 F: 24
M) contrast to the known axSpA male predominance. These
results are in agreement with the literature, which shows no
male predominance in non-radiographic disease [19].

Our study showed that relatively low percentage of patients
that were referred for MRI for suspected SpAwere given this
final diagnosis. Most of them had a high IBP score prior to
MRI completion. These results should encourage the clinician
to choose the patients referred for MRI carefully, keeping in
mind the limitations of this powerful tool.

In conclusion, the presence of BME reflected by positive
ASAS criteria and the relevant Berlin score is closely related
to night pain and morning stiffness, all probably resulting
from active inflammation. The presence of IBP features is
highly associated with diagnosis of SpA, and in combination
with MRI of the sacroiliac joints, may be the cornerstone in
the clinician’s final diagnosis. Further research is needed in
order to associate specific MRI features with clinical picture
and underlying pathophysiology.
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