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Abstract

Introduction: Inflammatory involvement of the anterior chest wall (ACW) affects the quality of life of patients with
spondyloarthritis (SpA), although involvement of the ACW is often neglected on clinical and imaging evaluation.
Whole-body (WB) MRI is an imaging method used to assess the ACW in addition to the sacroiliac joints and spine
without inconvenience for patients. Our goals in this study were to describe the distribution of ACW inflammation
by WB MRI in both early and established SpA and associations between clinical and imaging findings indicative of
inflammation.

Methods: The ACWs of 122 consecutive SpA patients (95 with ankylosing spondylitis (AS) and 27 with
nonradiographic SpA (nrSpA)) and 75 healthy controls were scanned by sagittal and coronal WB MRI. The MRI
scans were scored independently in random order by seven readers blinded to patient identifiers. Active and
structural inflammatory lesions of the ACW were recorded on a web-based data entry form. ACW pain by patient
self-report, ACW tenderness on physical examination according to the Maastricht Ankylosing Spondylitis Enthesitis
Score (MASES) and lesions detected by MRI were analyzed descriptively. x statistics served to assess the agreement
between clinical and imaging findings.

Results: ACW pain or tenderness was present in 26% of patients, with little difference between AS and nrSpA
patients. Bone marrow edema (BME), erosion and fat infiltration were recorded in 44.3%, 34.4% and 27.0% of SpA
patients and in 9.3%, 12.0% and 5.3% of controls, respectively. Lesions found by MRI occurred more frequently in
AS patients (BME, erosion and fat infiltration in 49.5%, 36.8% and 33.7%, respectively) than in nrSpA patients (25.9%,
25.9% and 3.7%, respectively). The joint most frequently affected by lesions found on MRI scans was the
manubriosternal joint. The  values between clinical assessments and MRI inflammation ranged from -0.10 to only
0.33 for both AS and nrSpA patients.

Conclusions: Among SpA patients, 26% had clinical involvement of the ACW. WB MRI signs of ACW inflammation
were found in a substantial proportion of patients with AS (49.5%) and nrSpA (25.9%). There was no association
between clinical assessments of ACW, including the MASES, and MRI features.
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Introduction

Inflammatory involvement of the anterior chest wall
(ACW) has substantial impact on the quality of life of
patients with spondyloarthritis (SpA) [1]. However,
ACW involvement is often neglected in clinical assess-
ment. Researchers in uncontrolled studies of ACW
inflammation who assessed the association between clin-
ical features and various abnormalities using different
imaging modalities have shown inconsistent results
regarding the frequency of ACW involvement and asso-
ciations with imaging findings [2-7]. This may partly
reflect the lack of a systematic methodology and inclu-
sion of patients at various stages of disease.

Conventional MRI limited to the ACW region is rarely
performed in routine clinical practice, even in the pre-
sence of ACW pain in SpA patients. Whole-body (WB)
MRI is a recently introduced imaging modality based on
multichannel technology, which offers an opportunity to
evaluate inflammation of the ACW (Figures 1 and 2) in
addition to the entire spine, the sacroiliac joints (SIJs)
and the shoulder and hip girdle in a single examination
that takes about 30 minutes [8-10]. Advantages of MRI
over radiography, computed tomography and scintigra-
phy for imaging the ACW are the concomitant assess-
ment of active and structural lesions, the precise
anatomical visualization of inflammatory lesions due to
superior spatial and contrast resolution, multiplanar
capability and the absence of radiation [11].

The objectives of this study were (1) to conduct a sys-
tematic and controlled evaluation of the frequency and
anatomical distribution of active and structural lesions
detected by MRI in the ACW of patients with ankylos-
ing spondylitis (AS) and nonradiographic axial SpA
(nrSpA) and (2) to assess the association between clini-
cal and imaging findings of ACW inflammation.

Materials and methods

Patients

In this cross-sectional study, we enrolled 95 patients
who met the modified New York classification criteria
for AS [12] and 27 patients with nrSpA who fulfilled the
Assessment of SpondyloArthritis International Society
(ASAS) classification criteria for axial SpA [13] and also
had inflammatory back pain according to the Calin cri-
teria [14]. The patients were consecutively recruited
from a university rheumatology outpatient clinic (Balgr-
ist University Hospital, Ziirich, Switzerland). There were
no limitations on the age and disease duration in our
patient group representative of patients seen in routine
practice in a tertiary care center. Patients undergoing
ongoing therapy with and those who had been treated
previously with biological agents were excluded from
the study. A control group of 75 healthy volunteers was
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recruited from the staff of the same university hospital
that enrolled the SpA patients. The control subjects
were selected on the basis of the absence of clinically
relevant back pain according to the Nordic question-
naire [15] and had no symptoms of SpA in their medical
history. All study subjects underwent a WB MRI exami-
nation, including imaging of the ACW in the coronal
and sagittal planes. Approval by the local Ethics Com-
mittee was obtained (Kantonale Ethikkommission Ziir-
ich and Spezialisierte Unterkommission Orthopadie/
Bewegungsapparat, EK 37/2004), and all study subjects
gave their written informed consent.

Clinical assessment of anterior chest wall pain

Physician assessment

ACW tenderness according to the Maastricht Ankylos-
ing Spondylitis Enthesitis Score (MASES) [16] was
assessed in the 122 SpA patients. MASES is the only
one of six available enthesitis indices to include tender
points of the ACW [17]. Tenderness of the first and
seventh sternocostal joints on both sides was recorded
dichotomously as present or absent in a diagrammatic
ACW scheme. We standardized pressure intensity as
that level which elicited pallor of the distal nail bed
upon palpation with the patient in a supine position
during the examination. A positive physician assessment
was defined as tenderness in at least one of the four
MASES locations. The physician was not aware of the
patient’s self-assessment form at the time of the clinical
examination or of the WB MRI findings, both of which
were performed after the physician assessment.

Patient self-assessment

Patients recorded pain in the anterior rib cage on a form
representing a manikin. This form was filled in after the
clinical consultation if the WB MRI took place the same
day or the patient returned the form on the day the WB
MRI was scheduled. Patient self-assessment forms were
available for only 73 of the 122 SpA patients because
the manikin form was introduced two years after start
of the WB MRI program. A positive patient assessment
was defined as any indication of pain on the manikin
form in an area bordered cranially by the sternoclavicu-
lar joints (SClJs) and clavicles, caudally by the inferior
rib cage and laterally by the anterior axillary line. This
extended area for pain records was chosen because
referred pain to areas distant from inflamed sternal
joints has been well-described [18-20].

MRI protocol

WB MRI scans are composed of images of the upper
and the lower half of the trunk that are fused by dedi-
cated software. To blind the readers regarding inflam-
mation of the lower half of the spine and the SIJ, only
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Figure 1 Inflammatory lesions of the anterior chest wall displayed by whole-body MRI in an AS patient complaining about chest wall
pain. Bone marrow edema (arrows) in both parts of the manubriosternal joint on coronal and sagittal short t inversion recovery (STIR)
sequences in a 46-year-old human leukocyte antigen B27 (HLA-B27)-positive male patient with ankylosing spondylitis and anterior chest wall
pain. He had a 6-year history of inflammatory back pain. The arrowheads point to the mammary veins.
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Figure 2 MRI inflammation of the anterior chest wall in an AS patient without clinical signs of chest wall involvement. Bone marrow
edema (dashed arrows) of the fourth and fifth right sternocostal joints on frontal and sagittal STIR sequences in a 26-year-old HLA-B27-positive
female patient with ankylosing spondylitis but no anterior chest wall pain. The patient reported a 2-year history of inflammatory back pain. Bone
marrow edema is also seen in the lower portion of the manubriosternal joint on the left side (arrow). The mammary veins are indicated by
arrowheads.
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the nonfused sagittal and coronal MRI scans of the
upper half of the trunk were used for this study. The
WB MRI studies were acquired using a MAGNETOM
Avanto 1.5 T MRI scanner (Siemens Medical Solutions,
Erlangen, Germany). The detailed WB MRI protocol has
been described previously [9,10]. Briefly, the following
parameters were used to obtain the sagittal images.
Turbo short t inversion recovery (STIR) repetition time
(TR) was 6,270 ms, echo time (TE) 93 ms, inversion
time (TI) 130 ms, T1-weighted spin-echo (T1SE) MRI
sequences TR 401 ms and TE 11 ms. Two sequences
were used with a field of view (FOV) of 450 mm and an
imaging matrix of 780 x 448 mm (STIR) and 890 x 448
mm (T1SE), 3-mm section thickness and interslice gap
0.3 mm. For coronal sequences the parameters were
turbo STIR TR 9,860 ms, TE 99 ms, TI 130 ms. For
T1SE, the parameters were TR 571 ms and TE 12 ms.
The FOV was 450 x 450 mm for each sequence, ima-
ging matrix 660 x 384 pixels, slice thickness 5 mm and
interslice gap 1.0 mm.

Analysis of MR images (Figures 1 and 2)

STIR and T1SE sequences of sagittal and coronal MRI
scans of the ACW were scored independently by seven
readers from four institutions (five radiologists: AGJ,
AZ, JH, RGL and SD; and two rheumatologists: UW
and WPM) blinded to subject identifiers. The films were
evaluated in random order on electronic work stations
at the institution of each reader.

Definitions of lesions of the anterior chest wall detected by

MRI

We developed standardized definitions of active and
structural inflammatory lesions in the ACW detected by
MRI. These focused on bone marrow edema (BME)
seen on STIR images; joint erosion and marrow fat infil-
tration on T1SE images of the SCIJ, manubriosternal
joint (MS]) and sternocostal joint (SCoJ); synovitis of
the SCIJ on STIR sequences; and fusion of the MS] on
T1SE sequences. The primary reference for normal
bone marrow signal intensity was the center of the ster-
nal manubrium or body on the STIR sequence. In the
setting of diffuse sternal inflammation, the center of a
normal thoracic vertebra at the same craniocaudal level
constituted the reference normal signal.

BME was defined as bright subchondral bone marrow
signal on STIR images. Erosion was defined as a full-
thickness defect of articular cortical bone combined
with an altered bone marrow signal on T1SE images.
Fat infiltration was defined as focal bright subcortical
bone marrow signal on T1SE images. Synovitis of the
SCIJ was recorded when fluid accumulation was present
in the joint cavity or extended at least 5 mm lateral to
the SCIJ. Fusion of the MS] was defined by bone
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marrow signal on T1SE images extending partially or
completely across the joint space.

Reference magnetic resonance image set of the anterior
chest wall

A reference MR image set based on the definitions for
these five types of acute and structural inflammatory
lesions of the three joints of the ACW was developed by
consensus among the seven readers. The reference
image set also included normal ACW findings and ana-
tomical variants and served to calibrate the observers at
the time of reading the study MRI scans.

Standardized assessment of lesions of the anterior chest
wall detected by MRI and online data entry module

The MRI findings were entered into a customized web-
based module displaying a schematic of the three joints
of the ACW, which comprised the following eight loca-
tions: the clavicular and sternal portion of both SClJs,
the upper and lower parts of the MS] and the right and
left SCoJs. BME, erosion and fat infiltration were
recorded dichotomously as being present or absent in
all eight locations. Synovitis and bone fusion were
recorded only for the SClJs and the MS]J, respectively.

Statistical analysis

Frequency of lesions found by MRI

The distribution of the five lesions detected by MRI in
patients and controls for the three joints and the entire
ACW (at least one of three joints affected) was analyzed
descriptively by defining “presence” as an observation
recorded concordantly by the majority (at least four of
seven) of raters. This approach of reporting the lesion
frequency according to the majority of the seven obser-
vers was regarded as an optimal balance between sensi-
tivity and specificity to avoid overinterpretation of
scattered lesions found by MRI as indicated by a single
observer or a minority of readers only.

Reliability of lesion detection by MRI

Interobserver agreement was analyzed by the median of
the pairwise estimated Cohen’s k values [21] for the 21
possible reader pairs, for all five lesion types and for the
three ACW joints, respectively. The interreader agree-
ment was defined as slight, fair, moderate, substantial
and almost perfect by values of the estimated Cohen’s x
<02,02<k<04,04<kKk<06,06<k<0.8and 0.8
< K < 1, respectively [22].

Agreement between patient and physician assessment, and
association between clinical and MRI findings of the
anterior chest wall

For those 73 SpA patients for whom both clinical
assessments were available, agreement between patient
and physician assessments was evaluated by computing
Cohen’s « value [21]. The agreement between clinical
findings (for both patient and for physician assessment)
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and lesions of the ACW detected by MRI was analyzed
by providing the median of Cohen’s « of all seven indi-
vidual readers. A positive patient assessment (n = 73) or
physician assessment (n# = 122) has been defined above
(clinical assessment of ACW pain). Lesions found on
MRI (BME, erosion or fat infiltration) were regarded as
present if the abnormality was recorded in at least one
of eight ACW joint locations by each of the seven read-
ers. This approach to select only lesions observed on
MRI studies by all seven readers aimed at high specifi-
city for comparison with the two clinical assessment
methods where ACW pain was either present or absent.
The agreement was calculated for the SpA, AS and
nrSpA groups and for BME, erosion and fat infiltration
of the ACW, respectively. The same definitions to inter-
pret the x values regarding the degree of agreement
were applied as described above. It is possible for the x
value to be negative, indicating that there is less agree-
ment than would be expected by chance between two
assessment methods.

Results

Characteristics of the patient and control group
Demographic and clinical data of the patients and con-
trols are shown in Table 1. The median age of the AS
group was 35.7 years, of the nrSpA patients 27 years
and of the controls 30.3 years, respectively. 87.1% of the
AS patients and 88.9% of the nrSpA patients were
human leukocyte antigen B27-positive. The median
symptom duration in the AS group was 11 years com-
pared with 1.2 years in the nrSpA group.

Clinical evaluation of anterior chest wall inflammation by
patient and physician assessments

The frequency of ACW pain by patient assessment and
of ACW tenderness by physician assessment is displayed
in Table 2. In SpA patients, both clinical assessments

Table 1 Characteristics of the study subjects®
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showed the same frequency of ACW involvement of
26% with little difference between the AS and the
nrSpA group despite the different median disease dura-
tions of 11.0 versus 1.2 years. The agreement between
patient and physician assessments was moderate with an
estimated Cohen’s x value of 0.50 (95% CI = 0.24 to
0.71).

Distribution of inflammatory anterior chest wall lesions
found by whole-body MRI

The frequency of inflammatory lesions of the entire
ACW in SpA patients scanned by MRI was 44.3% for
BME, 34.4% for erosions and 27.0% for fat infiltration,
respectively (Table 3). Any of these types of lesions
detected by MRI was observed more frequently than the
clinical involvement of the ACW in 26% of the SpA
patients. All lesion types were recorded more frequently
in AS patients than in nrSpA patients: BME in 49.5%
versus 25.9%, erosion in 36.8% versus 25.9% and fat
infiltration in 33.7% versus 3.7%, respectively. On a joint
level, the most frequently affected joint by all three
lesions was the MSJ (33.6% for BME, 30.3% for erosion
and 20.5% for fat infiltration in the SpA group), followed
by the SCIJ (23.8%, 11.5% and 10.7%, respectively),
whereas the SCoJs were only rarely involved (6.6%, 0%
and 3.3%, respectively). Postinflammatory fusion of the
MS]J was detected in AS patients only (14.7%). Both
sides of the SCIJ were equally affected by synovitis in
the SpA group (in six and in five patients on the right
and the left sides, respectively, and in five patients on
both sides).

The seven readers were in substantial agreement for
BME of the MS]J, with a median « of 0.65. Erosions and
fat infiltration of the MSJ also showed the highest relia-
bility (median ~ 0.46 and 0.47, respectively) compared
with the other two ACW joints. The only lesion type
showing moderate agreement in the SCIJ was BME (k =

Variable SpA group AS group nrSpA group Control group
(n=122) (n = 95) (n = 27) (n =75)
Male:female ratio (% male) 90:32 (73.8) 73:22 (76.8) 17:10 (63.0) 42:33 (56.0)
Age, years 338 [173 to 71.6] 357 [17.3 to 71.6] 27.0 [18.8 to 44.8] 30.3 [17.7 to 63.8]
Symptom duration, years 7.0 [0.3 to 41.0] 11.0 [0.3 to 41.0] 1.2 [0.3 to 5.0] N/A
HLA-B27-positive, n (%)b 105/120 (87.5) 81/93 (87.1) 24/27 (88.9) N/A
BASDAI, NRS range 0 to 10 44 [04 to 9.0] 4.6 [04 to 9.0] 39[08 to 6.3] N/A
BASFI, NRS range 0 to 10 29 [0 to 82] 32[0to 78] 2.1 [0 to 82] N/A
BASMI, NRS range 0 to 10 1.0 [0 to 8.0] 1.0 [0 to 8.0] 0 [0 to 4.0] N/A
CRP level, mg/L 5.0 [0 to 150.0] 50 [0 to 57.0] 3.0 [0 to 150.0] N/A
ESR (mm/hour) 125 [1.0 to 72.0] 14.0 [2.0 to 69.0] 85 [1.0 to 72.0] N/A

?AS = ankylosing spondylitis; BASDAI = Bath Ankylosing Spondylitis Disease Activity Index [23]; BASFI = Bath Ankylosing Spondylitis Functional Index [24]; BASMI
= Bath Ankylosing Spondylitis Metrology Index [25]; CRP = C-reactive protein, reference range <5 mg/L; ESR = erythrocyte sedimentation rate; HLA-B27 = human
leukocyte antigen B27; N/A = not applicable; NRS = numeric rating scale; nrSpA = nonradiographic axial spondyloarthritis; SpA = spondyloarthritis. "HLA-B27 was
not tested in two patients in the AS group. Values for the continuous demographic and clinical variables are medians [IQR] unless otherwise stated.
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Table 2 Clinical anterior chest wall inflammation by patient and physician assessment and concordance between the

two assessments?

Assessments SpA group AS group nrSpA group
Patient assessment, N 73 58 15

ACW pain present, n (%) 19 (26.0%) 16 (27.6%) 3 (20.0%)
Physician assessment, N 122 95 27

ACW tenderness present, n (%) 32 (26.2%) 25 (26.3%) 7 (25.9%)
Patient versus physician assessment® (SpA group) ACW tenderness present ACW tenderness absent Total

ACW pain present, n (%) 2 (16.4%) 7 (9.6%) 19 (26.0%)

ACW pain absent, n (%) 7 (9.6%) 47 (64.4%) 54 (74.0%)

Total, n (%) 19 (26.0%) 54 (74.0%) 73 (100%)

2ACW = anterior chest wall; AS = ankylosing spondylitis; nrSpA = nonradiographic spondyloarthritis; SpA = spondyloarthritis. °Estimated Cohen’s x = 0.50 (95% Cl

=0.24 to 0.71).

0.49). The poor reliability of all lesion types in the SCo]
computed by & statistics resulted from the low number
of scattered lesions recorded by the seven readers, as s
values depend on the prevalence of the finding under
observation [26,27]. The « values for the most experi-
enced of the 21 possible reader pairs and for the MSJ
were 0.78 for BME, 0.73 for erosion and 0.67 for fat
infiltration, respectively, indicating substantial agreement
for all three lesions.

In the control group, lesions seen on MRI that were
compatible with BME were observed in 9.3%, erosions
in 12.0% and fat infiltration in 5.3%, respectively. Nearly
all lesions reported in healthy controls were seen in the
MSJ (8.0% for BME, 9.3% for erosion and 4.0% for fat
infiltration), with few lesions in the SCIJ (1.3%, 2.7% and

1.3%, respectively) and no inflammatory changes in the
SCoJ, respectively.

Association between clinical and MRI findings indicative
of anterior chest wall inflammation

There was a poor association between clinical and MRI
findings indicative of ACW inflammation by the med-
ian x value of all seven individual readers (Table 4).
For the SpA group, the agreement between ACW ten-
derness in at least one of four MASES locations (physi-
cian assessment) and BME recorded in at least one of
eight ACW joint locations by each of the seven readers
showed a median Cohen’s x value of 0.06 (slight agree-
ment; range = 0.00 to 0.20). The association between
ACW pain indicated on a manikin form (patient

Table 3 Frequency of MRI-detected lesions recorded concordantly by the majority of readers (at least four of seven)

for each joint and per subject®

Variables SpA group AS group nrSpA group Control group
(N=122) (N = 95) (N =27) (N =75)
SClJ bone marrow edema 9 (23.8%) 6 (27.4%) 3 (11.1%) 1 (1.3%)
SClJ erosion 4 (11.5%) 3 (13.7%) 1 (3.7%) 2 (2.7%)
SClJ fat infiltration 3 (10.7%) 3 (13.7%) 0 (0%) 1 (1.3%)
SCl synovitis 6 (13.1%) 3 (13.7%) 3 (11.1%) 1 (1.3%)
MSJ bone marrow edema 41 (33. 6%) 5 (36.8%) 6 (22.2%) 6 (8.0%)
MSJ erosion 37 (30.3%) 1 (32.6%) 6 (22.2%) 7 (9.3%)
MSJ fat infiltration 25 (20.5%) 24 (25.3%) 1 (3.7%) 3 (4.0%)
MSJ fusion 14 (11.5%) 14 (14.7%) 0 (0%) 0 (0%)
SCoJ bone marrow edema 8 (6.6%) 8 (8.4%) 0 (0%) 0 (0%)
SColJ erosion 0 (0%) 0 (0%) 0 (0%) 0 (0%)
SColJ fat infiltration 4 (3.3%) 4 (4.2%) 0 (0%) 0 (0%)
ACW bone marrow edema (=1 joint) 54 (44.3%) 47 (49.5%) 7 (25.9%) 7 (9.3%)
ACW erosion (=1 joint) 42 (34.4%) 35 (36.8%) 7 (25.9%) 9 (12.0%)
ACW fat infiltration (=1 joint) 33 (27.0%) 32 (33.7%) 1 (3.7%) 4 (5.3%)
ACW =1 of 5 lesions® (=1 joint) 72 (59.0%) 62 (65.3%) 10 (37.0%) 15 (20.0%)

@ACW = anterior chest wall; AS = ankylosing spondylitis; MSJ = manubriosternal joint; nrSpA = nonradiographic axial spondyloarthritis; SCIJ = sternoclavicular

joint; SCoJ = sternocostal joint; SpA = spondyloarthritis.

Bone marrow edema ACW and/or erosion ACW, fat infiltration ACW, synovitis SCJ, fusion MSJ. The

number of patients with MRI-detected lesions in the entire ACW may be lower than the addition of patients with MRI changes of the three joints SClJ, MSJ and
SColJ, because some patients showed inflammation in more than one joint. Values are the number of subjects (percentage).
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Table 4 Agreement between clinical assessments and MRI-detected lesions of the anterior chest wall indicative of

inflammation®

Clinical assessment® MRI-detected lesion®

Patient group x value [range]®

ACW tenderness BME

Erosion

Fat infiltration

ACW pain BME

Erosion

Fat infiltration

SpA 0.06 [0.00 to 0.20]
AS 0.14 [0.06 to 0.20]
nrSpA -0.10 [-0.31 to 0.29]
SpA -0.03 [-0.11 to 0.01]
AS -0.03 [-0.11 to 0.03]
nrSpA -0.06 [-0.18 to 0.19]
SpA 0.04 [-0.04 to 0.15]
AS 0.09 [-0.04 to 0.18]
nrSpA -0.20 [-0.23 to 0.15]
SpA 0.21 [0.06 to 0.29]
AS 0.18 [0.03 to 0.28]
nrSpA 0.33 [0.17 to 0.44]
SpA -0.09 [-0.18 to 0.17]
AS -0.12 [-0.25 to 0.17]
nrSpA 0.17 [-0.11 to 0.29]
SpA 0.10 [-0.14 to 0.19]
AS 0.06 [-0.22 to 0.19]
nrSpA 0.17 [0.07 to 0.44]

2ACW = anterior chest wall; AS = ankylosing spondylitis; BME = bone marrow edema; MASES = Maastricht Ankylosing Spondylitis Enthesitis Score [16]; nrSpA =
nonradiographic spondyloarthritis; SpA = spondyloarthritis. PACW tenderness in at least one of four MASES points (physician assessment); ACW pain indicated by
patients on a manikin form (patient assessment). “MRI-detected lesion recorded in at least one of eight ACW joint locations by each of the seven readers.

dMedian Cohen’s « values [range] of all seven individual readers.

assessment) and BME in at least one of eight ACW
joint locations was fair for the SpA (median s = 0.21,
range = 0.06 to 0.29) and the nrSpA group (median x
= 0.33, range = 0.17 to 0.44). There was no association
between ACW tenderness and/or ACW pain and
either fat infiltration or erosion in at least one of eight
ACW joint locations (median x for fat infiltration =
0.04, range = -0.04 to 0.15; x = 0.10, range = -0.14 to
0.19) and for erosion (median x = -0.03, range = -0.11
to 0.01; k = -0.09, range = -0.18 to 0.17), respectively,
in SpA patients.

Discussion

In this cross-sectional study, tenderness or spontaneous
pain of the ACW was present in 26% of 122 consecutive
SpA patients at a tertiary outpatient clinic. Symptomatic
patients with long-standing AS and with recent-onset
nrSpA were equally affected, indicating that ACW
inflammation may start early in the disease course.
Compared with these clinical manifestations, involve-
ment by WB MRI was observed more frequently, with
44.3%, 34.4% and 27.0% of patients having BME, erosion
and/or fat infiltration, respectively, in at least one loca-
tion in the ACW. All lesions found by MRI were more
common in AS than in nrSpA patients with BME occur-
ring about twice as frequently in the AS group. There
was no association between clinical and imaging findings
indicative of ACW inflammation.

BME was observed in 9.3%, erosion in 12.0% and fat
infiltration in 5.3% of age- and sex-matched healthy
controls. This may be due to normal variants or age-
related changes. A postmortem microradiographic and
histological study of 31 sternal bones showed indenta-
tions of the MS] surfaces in 14 of 20 elderly subjects
not affected by rheumatic conditions, as well as hernia-
tions of articular cartilage into bone [28]. Both features
may mimic erosions of the MS] on MRI. The poor
reproducibility of SCIJ erosions may be attributable to
often poorly defined cortical margins of normal SCIJ
seen on MRI studies, due to curved joint surfaces, as
well as to the slice thickness used [29]. Another factor
mimicking structural SCIJ lesions in the usually young
SpA population is the multistage ossification of the
medial clavicular epiphyseal cartilage between ages 15
and 24, which is used for forensic age diagnostics [30].

In our study, the MS] was the most frequently affected
joint by active and structural lesions detected by MRI
and may therefore be regarded as the “index joint” of
ACW inflammation. Inflammatory involvement of the
MS] by various imaging modalities has been reported in
39% to 85% of AS patients [4-6]. This wide range may
be attributable to different disease duration and severity
[31]. In a 10-year retrospective study, radiographic
lesions of the MS]J were observed in 51% and of the SCIJ
in 17% of 76 AS patients [4,5]. The frequencies of BME
in 49.5% and of erosion in 36.8% of 95 AS patients in
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our study are comparable to the detection of active
lesions by radionuclide bone scan in 50% and of struc-
tural lesions on coronal tomography in 48% of 50 AS
patients [6]. The combined imaging modalities in this
report also showed a similar distribution of inflamma-
tory lesions among the three ACW joints (SClJ, MS]
and SCoJ involvement in 20%, 32% and 4%, respectively)
as in our own study.

We found only moderate association between patient
self-report of ACW pain and ACW tenderness upon
pressure, with a frequency of ACW involvement of 26%
for both evaluations. A combined assessment of patient
self-reports and physical examinations containing ten-
derness and swelling of the ACW reported inflammatory
ACW involvement in 58% of 50 AS patients [6].

In our study, we found no agreement between clinical
and imaging findings indicative of inflammation, except
for a fair association of patient self-report of ACW pain
and BME of the ACW. This is in line with a moderate
agreement of 36% to 50% between a composite clinical
evaluation and a combination of scintigraphic and
tomographic findings in 50 AS patients [6]; this study
also reported a better association of imaging lesions
with spontaneous pain reports than with ACW tender-
ness. A possible explanation for the discrepancy between
clinical and WB MRI findings is subclinical ACW
inflammation in SpA patients. This hypothesis is sup-
ported by the observation of an increased radioisotope
uptake in the SCIJ and MSJ in 54% of 50 patients with
psoriatic arthritis as opposed to a clinical SCIJ involve-
ment in 13% [2]. Subclinical involvement has also been
reported at peripheral entheses in SpA [32]. In 34 SpA
patients, peripheral enthesitis was detected by clinical
examination in 14.4% of the entheses in 62% of the
patients compared with 36% of the entheses in 94% of
the patients by ultrasonography. A tender point upon
clinical examination may not always be indicative of
inflamed enthesis and inflammation detected by imaging
methods such as ultrasonography and MRI may be clini-
cally silent [33].

Given a paucity of histological data regarding sympto-
matic enthesitis, imaging may be regarded as the current
gold standard for diagnosing this inflammatory condi-
tion; however, positive imaging findings may not corre-
late with clinical enthesitis [34]. Our data were unable
to verify the construct validity of the ACW tender
points of the MASES [16], which is the only enthesitis
score to include this area of the body [17], because no
association was observed between clinical and imaging
features of inflammation in our study.

The nonspecific characteristic of chest wall pain may
also partially account for the poor agreement between
clinical and imaging assessment. In a prospective obser-
vational cohort study comprising 58 primary care
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practices in Switzerland, a nonspecific painful chest wall
syndrome was found in 1.2% of 24,620 consultations,
which recurred in 57% of the patients within 12 months
[35]. Some of our SpA patients may have indicated non-
specific chest wall pain unrelated to SpA disease activity,
and therefore this may not have been relevant to the
inflammation detected by MRI.

A comparison between two different clinical evalua-
tion methods and an imaging assessment has inherent
limitations. The patient assessment often shows referred
pain distant to sternal inflammation [18-20], whereas
the MASES ACW score focuses on two sternal loca-
tions. Moreover, the first SCoJ is completely covered by
the medial end of the clavicle. The upper location of the
MASES ACW score may therefore reflect tenderness of
the SCIJ or the second SCoJ, which articulates with the
MS]J. Although MRI is a sensitive tool for detection of
inflammation of the ACW, it may not be surprising that
it fails to reveal abnormalities in patients who have non-
specific ACW tenderness on sternal palpation. The
assumptions regarding the number of MRI readers and
lesions found on MRI studies also affect the comparison
with clinical assessment methods.

Conclusions

Clinical and WB MRI signs of ACW inflammation were
found in 26% and in up to 44% of SpA patients, respec-
tively, but there was no association between clinical and
imaging findings indicative of inflammation. Conse-
quently, though it is possible that WB MRI may contri-
bute to diagnostic utility, it does not appear to be useful
in explaining the cause of a patient’s symptoms. This
study also raises questions regarding the contribution to
the validity of including ACW tender points in an
enthesitis score.

Abbreviations

ACW: anterior chest wall; AS: ankylosing spondylitis; ASAS: Assessment of
SpondyloArthritis International Society; BASDAL: Bath Ankylosing Spondylitis
Disease Activity Index [23]; BASFI: Bath Ankylosing Spondylitis Functional
Index [24]; BASMI: Bath Ankylosing Spondylitis Metrology Index [25]; BME:
bone marrow edema; CRP: C-reactive protein, reference range <5 mg/L; ESR:
erythrocyte sedimentation rate; HLA-B27: human leukocyte antigen B27;
MASES: Maastricht Ankylosing Spondylitis Enthesitis Score [16]; MSJ:
manubriosternal joint; N/A: not applicable; NRS: numeric rating scale, range 0
to 10; nrSpA: nonradiographic axial spondyloarthritis [13]; SCL):
sternoclavicular joint; SColJ: sternocostal joint; SpA: spondyloarthritis; STIR:
short T inversion recovery sequence; T1SE: T1-weighted spin-echo sequence;
WB MRI: whole-body magnetic resonance imaging.

Acknowledgements

We thank the patients and the healthy volunteers for their participation, and
we thank Muhammad A Khan MD, MACP, FRCP, Case Western Reserve
University School of Medicine, MetroHealth Medical Center, Cleveland, OH,
USA; and the following Swiss rheumatologists, internists, primary care
physicians and orthopedic surgeons for referring their patients: Achermann
A, Luzern; Altermatt M, Basel; Amgwerd D, Spreitenbach; Baumann M,
Birsfelden; Beck M, Schafisheim; Bickel G, Rapperswil; Blumhardt S, Zdrich;
Boetschi C, Romanshorn; Bruehlmann P, Zurich; Brunner C, Zirich; Buergin S,



Weber et al. Arthritis Research & Therapy 2012, 14:R3
http://arthritis-research.com/content/14/1/R3

Munchenstein; Chaix A, Einsiedeln; De Vecchi P, St Moritz; Diethelm U,
Mannedorf; Dora C, Zurich; Elmiger B, Bern; Exer P, Basel; Fuchs B, Zurich;
Galovic D, Pfaeffikon; Gerber T, Zurich; Giger M, Menzingen; Glenz D, Visp;
Gratzl S, Basel; Gruenwald C, Zrich; Gut C, Reinach; Haefelin F, Zirich;
Hajnos G, Zurich; Harder C, Luzern; Henauer J, Zrich; Heusser U, Winterthur;
Hofmann M, Zrich; Hoppler M, Zug; Imbach P, Zirich; Hintermann U,
Brugg; Imholz J, Zurich; Jeanneret C, Schwerzenbach; Johner A, Dibendorf;
Kalberer F, Winterthur; Kaufmann D, Zdrich; Kern P, Bonstetten; Kleinert B,
Zurich; Kloeti R, Brugg; Klopfstein M, Biel; Kraenzlin P, Winterthur; Kramers |,
Zurich; Kyd R, Zurich; Luethy R, Zirich; Maager R, Aarau; Masina N, Lugano;
Meniconi A, Schwyz; Merlin C, Baden; Meyer T, Baden; Muehlemann D,
Zurich; Mueller T, Wettingen; Muff L, Affoltern am Albis; Pfister S, Buelach;
Rafaisz A, Zurich; Rapp A, Zurich; Roose A, Zurich; Ryser J, Zirich; Sager M,
Winterthur; Schmidt A, Basel; Spiess J, Sissach; Studer S, ZUrich; Sturzenegger
J, Kreuzlingen; Sutter P, Zlrich; Tapernoux F, Ruti; Trost H, Zurich; Weil C,
Zurich; Weiss B, Zurich; Wueest A, Wadenswil; Wuethrich R, Brugg; Zeller C,
Ruti.

We thank Christian Streng, Medical Documentation, Balgrist University
Hospital, Zrich, Switzerland, for his technical assistance with Figure 1.
Walter P Maksymowych is a scientist with the Alberta Heritage Foundation
for Medical Research.

The Whole Body Magnetic Resonance Imaging in Ankylosing Spondylitis
project is supported by the Walter L and Johanna Wolf Foundation, Zurich,
Switzerland, and the Foundation for Scientific Research at the University of
Zurich, Switzerland. Neither funding body played any role in the study
design, the collection and interpretation of data or the decision to submit
the manuscript for publication.

Author details

'Department of Medicine, Division of Rheumatology, 562 Heritage Medical
Research Building, University of Alberta, Edmonton, Alberta, T6G 252,
Canada. “Department of Rheumatology, Balgrist University Hospital,
Forchstrasse 340, CH-8008 ZUrich, Switzerland. 3Departmem of Radiology
and Diagnostic Imaging, University of Alberta, 2A2.41 Walter C Mackenzie
Health Sciences Centre, 8440-112 Street, Edmonton, AB, T6G 2B7, Canada.
“Division of Biostatistics, Institute of Social and Preventive Medicine,
University of Zirich, Hirschengraben 84, CH-8001 Zurich, Switzerland.
*Department of Radiology, University Hospital Ziirich, Raemistrasse 100, CH-
8091 Zurich, Switzerland. ®Department of Radiology, Aarhus University
Hospital, Noerrebrogade 44, DK-8000 Aarhus C, Denmark. ’Department of
Radiology, Kantonsspital Frauenfeld, Spital Thurgau AG, Pfaffenholzstrasse 4,
CH-8500 Frauenfeld, Switzerland.

Authors’ contributions

AJ, UW, RL, WM, KR and PF drafted the study design. UW and RK acquired
the clinical data. AJ, AZ, JH, RL, SD, UW and WM were MRI readers. KR and
UW performed the statistical analysis. All authors take responsibility for the
interpretation of data. UW drafted the manuscript with contributions from
all authors. All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 13 August 2011 Revised: 21 November 2011
Accepted: 6 January 2012 Published: 6 January 2012

References

1. Maksymowych WP, Miller C, Velez M, Savage L: To what degree do the
BASDAI and BASFI questionnaires address the most essential symptoms
and disabilities of patients with ankylosing spondylitis? [abstract]. Ann
Rheum Dis 2007, 66(Suppl 11):405.

2. Helliwell P, Marchesoni A, Peters M, Barker M, Wright V: A re-evaluation of
the osteoarticular manifestations of psoriasis. Br J Rheumatol 1991,
30:339-345.

3. Jurik AG: Seronegative arthritides of the anterior chest wall: a follow-up
study. Skeletal Radliol 1991, 20:517-525.

4. Jurik AG: Anterior chest wall involvement in seronegative arthritides: a
study of the frequency of changes at radiography. Rheumatol Int 1992,
127-11.

5. Jurik AG: Seronegative anterior chest wall syndromes: a study of the
findings and course at radiography. Acta Radiol Suppl 1992, 381:1-42.

20.

21,

22.

23.

24.

25.

Page 10 of 11

Fournié B, Boutes A, Dromer C, Sixou L, Le Guennec P, Granel J, Railhac JJ:
Prospective study of anterior chest wall involvement in ankylosing
spondylitis and psoriatic arthritis. Rev Rhum Engl Ed 1997, 64:22-25.
Guglielmi G, Cascavilla A, Scalzo G, Salaffi F, Grassi W: Imaging of
sternocostoclavicular joint in spondyloarthropathies and other
rheumatic conditions. Clin Exp Rheumatol 2009, 27:402-408.

Weber U, Pfirmann CWA, Kissling RO, Hodler J, Zanetti M: Whole body MR
imaging in ankylosing spondylitis: a descriptive pilot study in patients
with suspected early and active confirmed ankylosing spondylitis. BMC
Musculoskelet Disord 2007, 8:20.

Weber U, Maksymowych WP, Jurik AG, Pfirmann CWA, Rufibach K,

Kissling RO, Khan MA, Lambert RG, Hodler J: Validation of whole-body
against conventional magnetic resonance imaging for scoring acute
inflammatory lesions in the sacroiliac joints of patients with
spondylarthritis. Arthritis Rheum 2009, 61:893-899.

Weber U, Hodler J, Jurik AG, Pfirrmann CWA, Rufibach K, Kissling RO,

Khan MA, Lambert RG, Maksymowych WP: Assessment of active spinal
inflammatory changes in patients with axial spondyloarthritis: validation
of whole body MRI against conventional MRI. Ann Rheum Dis 2010,
69:648-653.

Jurik AG: Imaging techniques and procedures: magnetic resonance
imaging. In Imaging of the Sternocostoclavicular Region. Edited by: Jurik AG.
Berlin: Springer-Verlag; 2007:45-67.

Van der Linden S, Valkenburg HA, Cats A: Evaluation of diagnostic criteria
for ankylosing spondylitis: a proposal for modification of the New York
criteria. Arthritis Rheum 1984, 27:361-368.

Rudwaleit M, van der Heijde D, Landewé R, Listing J, Akkoc N, Brandt J,
Braun J, Chou CT, Collantes-Estevez E, Dougados M, Huang F, Gu J,

Khan MA, Kirazli Y, Maksymowych WP, Mielants H, Sgrensen 1J,

Ozgocmen S, Roussou E, Valle-Ofate R, Weber U, Wei J, Sieper J: The
development of Assessment of SpondyloArthritis International Society
classification criteria for axial spondyloarthritis (part Il): validation and
final selection. Ann Rheum Dis 2009, 68:777-783.

Calin A, Porta J, Fries JF, Schurman DJ: Clinical history as a screening test
for ankylosing spondylitis. JAMA 1977, 237:2613-2614.

Kuorinka 1, Jonsson B, Kilbom A, Vinterberg H, Biering-Serensen F,
Andersson G, Jargensen K: Standardised Nordic questionnaires for the
analysis of musculoskeletal symptoms. Appl £rgon 1987, 18:233-237.
Heuft-Dorenbosch L, Spoorenberg A, van Tubergen A, Landewé R, van der
Tempel H, Mielants H, Dougados M, van der Heijde D: Assessment of
enthesitis in ankylosing spondylitis. Ann Rheum Dis 2003, 62:127-132.
Gladman DD, Inman RD, Cook RJ, Maksymowych WP, Braun J, Davies JC,
Landewé RBM, Mease P, Brandt J, Burgos Vargas R, Chandran V, Helliwell P,
Kavanaugh A, O'Shea FD, Khan MA, Pipitone N, Rahman P, Reveille JD,
Stone MA, Taylor W, Veale DJ, van der Heijde D: International
spondyloarthritis interobserver reliability exercise. The INSPIRE study: II.
Assessment of peripheral joints, enthesitis, and dactylitis. J/ Rheumatol
2007, 34:1740-1745.

Reuler JB, Girard DE, Nardone DA: Sternoclavicular joint involvement in
ankylosing spondylitis. South Med J 1978, 71:1480-1481.

Hassett G, Barnsley L: Pain referral from the sternoclavicular joint: a study
in normal volunteers. Rheumatology (Oxford) 2001, 40:859-862.

Kalke S, Perera SD, Patel ND, Gordon TE, Dasgupta B: The sternoclavicular
syndrome: experience from a district general hospital and results of a
national postal survey. Rheumatology (Oxford) 2001, 40:170-177.

Cohen J: A coefficient of agreement for nominal scales. £duc Psychol
Meas 1960, 20:37-46.

Landis J, Koch G: The measurement of observer agreement for
categorical data. Biometrics 1977, 33:159-174.

Garret S, Jenkinson T, Kennedy LG, Whitelock H, Gaisford P, Calin A: A new
approach to defining disease status in ankylosing spondylitis: the Bath
Ankylosing Spondylitis Disease Activity Index. J Rheumatol 1994,
21:2286-2291.

Calin A, Garrett S, Whitelock H, Kennedy LG, O'Hea J, Mallorie P,

Jenkinson T: A new approach to defining functional ability in ankylosing
spondylitis: the development of the Bath Ankylosing Spondylitis
Functional Index. J Rheumatol 1994, 21:2281-2285.

Jenkinson TR, Mallorie PA, Whitelock HC, Kennedy LG, Garrett SL, Calin A:
Defining spinal mobility in ankylosing spondylitis (AS): the Bath AS
Metrology Index. J Rheumatol 1994, 21:1694-1698.


http://www.ncbi.nlm.nih.gov/pubmed/1913001?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1913001?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1754914?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1754914?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1534629?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1534629?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1488919?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1488919?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9051856?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9051856?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19604431?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19604431?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19604431?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17326845?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17326845?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17326845?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19565546?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19565546?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19565546?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19565546?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19416801?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19416801?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19416801?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6231933?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6231933?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6231933?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19297344?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19297344?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19297344?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19297344?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/140252?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/140252?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15676628?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15676628?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12525381?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12525381?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17659754?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17659754?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17659754?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/725623?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/725623?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/843571?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/843571?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7699630?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7699630?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7699630?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7699629?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7699629?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7699629?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7799351?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7799351?dopt=Abstract

Weber et al. Arthritis Research & Therapy 2012, 14:R3
http://arthritis-research.com/content/14/1/R3

26. Hoehler FK: Bias and prevalence effects on k viewed in terms of
sensitivity and specificity. J Clin Epidemiol 2000, 53:499-503.

27. Viera AJ, Garrett JM: Understanding interobserver agreement: the k
statistic. Fam Med 2005, 37:360-363.

28.  Kormano M: A microradiographic and histological study of the
manubriosternal joint in rheumatoid arthritis. Acta Rheum Scand 1970,
16:47-59.

29. Klein MA, Miro PA, Spreitzer AM, Carrera GF: MR imaging of the normal
sternoclavicular joint: spectrum of findings. AJR Am J Roentgenol 1995,
165:391-393.

30.  Schmidt S, Miuhler M, Schmeling A, Reisinger W, Schulz R: Magnetic
resonance imaging of the clavicular ossification. Int J Legal Med 2007,
121:321-324.

31, Jurik AG: Clinical problems: seronegative arthritis and
sternocostoclavicular syndromes. In Imaging of the Sternocostoclavicular
Region. Edited by: Jurik AG. Berlin: Springer-Verlag; 2007:113-141.

32. D'Agostino MA, Said-Nahal R, Hacquard-Bouder C, Brasseur JL, Dougados M,
Breban M: Assessment of peripheral enthesitis in the
spondylarthropathies by ultrasonography combined with power
Doppler: a cross-sectional study. Arthritis Rheum 2003, 48:523-533.

33. Healy PJ, Helliwell PS: Measuring clinical enthesitis in psoriatic arthritis:
assessment of existing measures and development of an instrument
specific to psoriatic arthritis. Arthritis Rheum 2008, 59:686-691.

34. Coates LG, Helliwell PS: Disease measurement: enthesitis, skin, nails, spine
and dactylitis. Best Pract Res Clin Rheumatol 2010, 24:659-670.

35. Verdon F, Burnand B, Herzig L, Junod M, Pécoud A, Favrat B: Chest wall
syndrome among primary care patients: a cohort study. BVIC Fam Pract
2007, 851.

doi:10.1186/ar3551

Cite this article as: Weber et al: Anterior chest wall inflammation by
whole-body magnetic resonance imaging in patients with
spondyloarthritis: lack of association between clinical and imaging
findings in a cross-sectional study. Arthritis Research & Therapy 2012 14:R3.

Page 11 of 11

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVied Central



http://www.ncbi.nlm.nih.gov/pubmed/10812322?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10812322?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15883903?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15883903?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/5445309?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/5445309?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7618564?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7618564?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17437121?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17437121?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12571863?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12571863?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12571863?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18438903?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18438903?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18438903?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21035086?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21035086?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17850647?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17850647?dopt=Abstract

	Abstract
	Introduction
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Patients
	Clinical assessment of anterior chest wall pain
	Physician assessment
	Patient self-assessment

	MRI protocol
	Analysis of MR images (Figures 1 and 2)
	Definitions of lesions of the anterior chest wall detected by MRI
	Reference magnetic resonance image set of the anterior chest wall
	Standardized assessment of lesions of the anterior chest wall detected by MRI and online data entry module

	Statistical analysis
	Frequency of lesions found by MRI
	Reliability of lesion detection by MRI
	Agreement between patient and physician assessment, and association between clinical and MRI findings of the anterior chest wall


	Results
	Characteristics of the patient and control group
	Clinical evaluation of anterior chest wall inflammation by patient and physician assessments
	Distribution of inflammatory anterior chest wall lesions found by whole-body MRI
	Association between clinical and MRI findings indicative of anterior chest wall inflammation

	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


