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ABSTRACT

Objectives: We aimed to evaluate shoulder joint by magnetic resonance imaging (MRI) using the Juvenile Arthritis Magnetic Resonance Imaging
Scoring (JAMRIS) system in children with juvenile idiopathic arthritis (JIA) and to compare clinical, laboratory parameters and disease activity scores
with MRI parameters.
Patients and methods: A total of 32 shoulder joints of 20 patients (16 males, 4 females; mean age: 8.9±3.5 years; range, 2.5 to 14 years) with a known
diagnosis of JIA and a clinical suspicion of shoulder joint involvement and underwent MRI were included. Reliability was determined by inter- and
intra-observer correlation coefficients. Correlation of the clinical and laboratory parameters with JAMRIS scores was done using the non-parametric
tests. Sensitivity of clinical examination to detect shoulder joint arthritis was also determined.
Results: Of the 32 joints, 27 joints in 17 patients showed MRI changes. Seven joints in five patients fulfilled the definition of clinical arthritis, all
revealed MRI changes. In 25 joints without clinical arthritis, early and late MRI changes were seen in 19 (67%) and 12 (48%) joints, respectively. The
inter- and intra-observer correlation coefficients for JAMRIS system were excellent. No correlation was found between MRI parameters, clinical,
laboratory, and disease activity scores. The sensitivity of clinical examination to detect shoulder joint arthritis was 25.9%.
Conclusion: The JAMRIS system is reliable and reproducible to determine shoulder joint inflammation in JIA. Detection of shoulder joint arthritis by
clinical examination has a poor sensitivity.
Keywords: Clinical examination, juvenile idiopathic arthritis, magnetic resonance imaging, shoulder joint.

Juvenile idiopathic arthritis (JIA) is the most
common rheumatic disease in children, and
can involve any joint. At the onset, shoulder
joint is involved in fewer than 5% of JIA
patients.1,2 However, as the disease duration
increases, shoulder joint involvement is seen
in about 21% of patients.1,2 The main goal
of therapy in JIA is complete suppression of
systemic inflammation or inflammation of joints
or enthesis to prevent destructive changes.3

Current techniques of clinical examination may
underestimate significant joint inflammation,
particularly in deeply situated joints such as
shoulder joint, and underrecognition of synovitis
may lead to delayed diagnosis and treatment or
suboptimal therapy.4-9
Contrast-enhanced magnetic resonance
imaging (MRI) is the most sensitive technique
for detecting early (synovial hypertrophy and
bone marrow edema [BME]), as well as late
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(cartilage erosions and bone lesions) changes
of joint inflammation and damage.3,10 In adults,
an MRI scoring system has been developed
and validated for the wrist joint, called the
Rheumatoid Arthritis Magnetic Resonance
Imaging Scoring (RAMRIS) system.11 A
similar scoring system called Juvenile Arthritis
Magnetic Resonance Imaging Scoring (JAMRIS)
system has been studied in the wrist and knee
joints of children with JIA.3,12 However, it has
not been evaluated in any other joint in JIA.
Therefore, in this pilot study, we primarily
aimed to evaluate shoulder joint by MRI using
the JAMRIS system in children with JIA and
to secondarily compare clinical, laboratory
parameters and disease activity scores with
MRI parameters.

PATIENTS AND METHODS
This
single-center,
cross-sectional,
observational study was conducted at the Pediatric
Rheumatology Division of the Department of
Pediatrics of Atal Bihari Vajpayee Institute of
Medical Sciences and Dr. Ram Manohar Lohia
Hospital, New Delhi, India between November
2014 to March 2016. A total of 32 shoulder
joints of 20 patients (16 males, 4 females; mean
age: 8.9±3.5 years; range, 2.5 to 14 years)
with a known diagnosis of JIA and a clinical
suspicion of shoulder joint involvement and
underwent MRI were included. In the absence
of a previously available study on shoulder joint
evaluation by JAMRIS system, a sample size
could not be calculated. Patients with a history
of intra-articular corticosteroid injection within
the last six months, patients with a cardiac
pacemaker, cochlear implants, hypersensitivity to
contrast agents, and patients with hemodynamic
instability were excluded.
Clinically arthritis was defined as swelling
within a joint or limitation in the range of joint
movement with joint pain or tenderness.13 Clinical
suspicion of the shoulder joint involvement was
based on the presence of any one of the following
features: swelling, limitation of range of motion,
pain, or tenderness of shoulder joint. Diagnosis
of JIA was based on the International League of
Associations for Rheumatology (ILAR) revised
criteria.13

Data collection
All children (32 shoulder joints) with JIA
underwent a clinical examination to assess for
shoulder joint arthritis as per the defining clinical
criteria (presence of swelling or limitation of range
of motion with either pain or tenderness).13 The
following clinical data were recorded: (i) number of
active joints; (ii) physician’s global assessment of
disease activity measured on a Visual Analog Scale
of 10, where 0 indicates no disease activity and
10 maximum disease activity; (iii) patient/parent’s
assessment of overall wellbeing measured on a
scale of 10, where 0 indicates very good and
10 indicating very poor; (iv) Visual Analog Scale
(VAS) for pain on a 10 cm line, where 0 indicates
no pain and 10 worst pain ever experienced.
Laboratory tests included erythrocyte
sedimentation rate (ESR) determined by
the Westergren method on an automated
machine- Alifax Spa Padova-Italy and C-reactive
protein (CRP) measured by enzyme-linked
immunosorbent assay.
The Juvenile Arthritis Disease Activity Score
for 27 joints (JADAS-27) was determined for
disease activity assessment (range 0-57). The
disease status at the time of analysis was evaluated
using the Wallace criteria for clinical remission
that included active and inactive disease and were
compared with MRI findings.14
MRI protocol and scoring system
The MRI was performed on a 1.5-Tesla MRI
system (Magnetom Symphony, Siemens, Erlangen
Germany). Sedation, if required (oral triclofos
[30 mg/kg/dose]; or intravenous midazolam
[0.05-0.1 mg/kg/dose]), was given according to
the standard guidelines. Intravenous contrast,
gadolinium-diethylene triamine pentaacetic acid
(0.1 mmoL/kg body weight) was given after
taking consent. The sequences taken were:
(i) axial T1 and T2 fat-suppressed (FS); (ii) coronal
oblique T1 and T2 FS; (iii) sagittal oblique T1
and T2 FS; (iv) post-contrast T1 axial coronal
and sagittal FS images.
The JAMRIS system described by Hemke
et al.,4 for MRI evaluation of knee joints were
used in our study for shoulder joint evaluation.
The four components of MRI scoring included
two early changes and two late destructive
changes of joint inflammation. The two early
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inflammatory MRI changes were synovial
hypertrophy (measured as maximal synovial
thickness) and BME (measured as percentage
involvement of bone volume). Grades of synovial
hypertrophy were Grade 0: 0-2 mm; Grade I:
≥2-4 mm; Grade II: >4 mm and grades of BME
were Grade 0: none; Grade I :<10%; Grade II:
≥10-25%; Grade III: ≥25% involvement of bone
volume. The two late destructive MRI findings
were cartilage lesions (measured as percentage
involvement of cartilage surface area) and bone
erosions (percentage involvement of bones at
the articular end). Cartilage lesions were graded
using a scale of 0-3 (Grade 0: None, Grade I:
<10%, Grade II: ≥10-25%, Grade III: ≥25%) and
bone erosions were graded between 0-3 (Grade
0: none; Grade I: <10%; Grade II: ≥10-25%, and
Grade III: ≥25%).
In addition, the presence or absence of synovial
effusion on MRI was also noted. Joint effusion
was seen as hyperintensity adjacent to synovium
on post-contrast T1-weighted images.

Statistical analysis
Statistical analysis was performed using the
IBM SPSS program for Windows version 23.0
software (IBM Corp., Armonk, NY, USA).
Continuous variables were presented in mean
± standard deviation (SD) or median (min-max),
while categorical variables were presented in
number and frequency. Categorical variables
were analyzed using either the chi-square
test or Fisher exact test. Intra-observer and
inter-observer correlation coefficients were
calculated with 95% confidence interval (CI).
Spearman correlation was performed for various
clinical and laboratory parameters with MRI
findings. Non-parametric analysis was done using
the Mann-Whitney U test. Sensitivity, specificity,
positive predictive value (PPV), and negative
predictive value (NPV) of clinical examination
compared to MRI in detecting shoulder joint
arthritis were determined. A p value of <0.05
was considered statistically significant.

Reliability study
Intra-observer and inter-observer correlation
coefficients were determined to study the
reproducibility and reliability of each MRI
component. Intra-observer reliability was
evaluated on the MRI films of five patients by
a single researcher a week apart. The MRI
films were evaluated for JAMRIS system by two
observers 4 h apart to evaluate the inter-observer
reliability.

RESULTS
Thirteen (65%) patients were in the 11 to 15
years age group, five (25%) were below 10 years,
and two (10%) were aged >15 years. Eleven
(55%) children had systemic JIA (sJIA), six (30%)
had enthesitis-related arthritis (ERA), and three
(15%) had undifferentiated JIA (Supplemental
Table 1). Only four patients fulfilled the Wallace
criteria of inactive disease (clinical remission

Table 1. Clinical, laboratory, and core set variables of the patients
Characteristics

Mean±SD

Median

Range

8.9±3.5

9

2.5-14

Duration of disease (year)

2.7±1.6

2

0.5-6

Number of joints affected

5.5±2.2

6

2-10

Visual Analog Scale of pain (0-10)

3.2±1.4

3

0-5)

28.6±36.1

3

0-120

Physician global assessment of disease activity (0-10)

2.7±1.3

3

0-5

Parent/patient assessment of overall wellbeing (0-10)

3.5±1.5

4

0-6

JADAS-27 (0-57)

13.5±5.9

13.5

2.25

Tenderness score

0.6±0.7

0.50

0-2

Erythrocyte sedimentation rate (mm/1st h) (n≤10)

32.4±23.8

24.5

5-90

C-reactive protein (mg/L) (n≤10)

16.9±17.4

16

1-78

Age at onset of symptoms (year)

Duration of early morning stiffness (0-10)

JADAS: Juvenile Arthritis Disease Activity Score.
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with medications). At enrolment, the patients
were on methotrexate (100%), prednisolone
(60%), sulfasalazine (30%), tocilizumab (10%),
thalidomide (5%), and leflunomide (5%).
Table 1 summarizes the clinical, laboratory,
and disease activity parameters of the
study subjects. Shoulder joint swelling was
not found in any of the enrolled patients.
Tenderness was observed in 11 patients
(16 joints-Grade I: 13 and Grade II: 3 joints).
Restriction of movement was observed in
five patients (8 joints-Grade I restriction was
seen in seven joints and Grade II restriction
was observed in one joint). Only seven of

32 clinically evaluated joints (21.8%) in five
patients had both tenderness and restriction
of motion, thus fulfilling the defining criteria
of clinical arthritis, and the rest 25/32 joints
(78.1%) did not.
The imaging results of JAMRIS system
analyzed in all the 32 joints (20 patients) pooled
together and, in each JIA, subsets were as
follows:
a) Synovial hypertrophy score: Thirteen
(40.6%) joints in nine patients revealed synovial
hypertrophy with a mean grade score of 0.7±0.9
(Figure 1 a, b). Five joints had Grade I and

(a)

(b)

(c)

(d)

Figure 1. (a) T1 post-contrast fat saturation sagittal image showing Grade II enhancement of
hypertrophied synovium; (b) Coronal T1-weighted post-contrast in another patient showing
Grade III synovial thickening and enhancement; (c) Coronal T1- and (d) T2-weighted fat
suppression (FS) image showing evidence of bone edema Grade II with fluid in joint space.

551

MRI evaluation of the shoulder joint in juvenile idiopathic arthritis

rest 19 joints showed synovial effusion or one or
the other MRI parameter of joint inflammation.
There was no statistically significant difference
in the occurrence of BME in sJIA subset versus
the rest of the JIA subsets (p=0.823).
c) Cartilage lesion score: Nine (28.1%) joints
in six patients showed cartilage lesions with a
mean score of 0.3±0.6 (Figure 3a-d). Seven
of these joints had Grade I and II joints had
Grade II cartilage lesions (Figure 2a). The number
of joints with cartilage lesions in sJIA and
undifferentiated JIA were six (66.6%) and three
(33.3%), respectively.
d) Bone erosion score: Bone erosions were
seen in 15 (46.8%) joints in nine patients with a

eight joints had Grade II synovial hypertrophy
(Figure 2a). The number of joints with synovial
hypertrophy in sJIA, ERA, and undifferentiated
JIA were seven (53.8%), four (30.7%), and two
(15.3%) joints, respectively.
b) BME score: Twenty-one (65.6%) joints in
13 patients revealed BME with a mean grade
score of 1.1±1.0 (Figure 1c, d). The number
of joints which had Grade I, II and III BME
scores were 11, seven, and three, respectively
(Figure 2a). The number of joints with BME
in sJIA, ERA, and undifferentiated JIA was
13 (61.9%), five (23.8%), and three (14.2%) joints,
respectively. Of these 21 joints, only two joints
revealed BME with no other findings and the

(a)

Grade I
Grade II
Grade III

Synovial hypertrophy

Cartilage lesions

Bone erosions

Bone marrow edema
0

3

6

9

12

15

18

21

24

27

30

Number of joints

(b)

Synovial hypertrophy
Bone marrow edema
2

3

3

Cartilage lesions
Bone erosions

4

2
1

0
1
2

6
3

0

0

Figure 2. (a) Four components of Juvenile Arthritis Magnetic Resonance Imaging Scoring system
with number of joints in each grade; (b) Distribution of early inflammatory and late destructive changes
of Juvenile Arthritis Magnetic Resonance Imaging Scoring system MRI components in the evaluated
joints (n=32).
MRI: Magnetic resonance imaging.
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(a)

(b)

(c)

(d)

(e)

(f)

Figure 3. (a, b) T1-weighted coronal MRI showing Grade II cartilage erosion involving right
humeral head; (c, d) Proton density (PD) FS coronal image in the same patient showing
synovial effusion and cartilage of humeral head; (e, f) T1-weighted FS coronal MRI showing
Grade II bone erosion involving left head of humerus.
MRI: Magnetic resonance imaging; FS: Fat-supressed.

mean score of 0.6±0.8 (Figure 3e, f). Eleven joints
had Grade I, three had Grade II, and one joint
had Grade III bone erosion score (Figure 2a). The
number of joints with bone erosions in sJIA, ERA,
and undifferentiated JIA were 11 (73.3%), three
(20%), and one (6.7%) joint, respectively.
(a)

Of the 32 imaged shoulder joints in
20 patients, 27 joints in 17 patients showed
MRI findings (all the four MRI findings were
seen in one joint; three findings in 10 joints; two
and one finding in eight joints each; Figure 2b.
Five joints had no MRI findings. Both synovial
(b)

Figure 4. Proton density axial image showing (a) fluid in subcoracoid bursa and (b) fluid in
the bicipital groove and joint space (star).
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It was also noted that six (66%) of the nine joints
(4 patients) that had effusion did not fulfil the
definition of clinical arthritis.

hypertrophy and BME were seen in 9/32 (28.1%)
joints (Figure 2b), whereas both cartilage lesions
and bone erosions (late changes) were seen in
five joints (15.6%) (Figure 2b).

Clinical examination revealed a sensitivity of
25.9% to detect shoulder joint arthritis compared
to MRI. The specificity and PPV both were 100%.
However, the NPV was only 20%.

MRI parameters in patients who fulfilled
the clinical definition of arthritis
All the seven joints (5 patients) that fulfilled the
defining criteria of clinical arthritis showed MRI
changes of joint inflammation and all of them
revealed late destructive changes of cartilage
lesions or bone erosions.

Correlation coefficient was determined
between the JAMRIS parameters and various
clinical, laboratory and JADAS-27 scores. A
mild positive correlation was found between
the number of active joints and MRI synovial
hypertrophy score (rs=0.430, p=0.058); parent’s
assessment of overall wellbeing of the child with
BME score (rs=0.357, p=0.122); VAS for pain
with BME score (rs=0.343, p=0.139); however,
these were not statistically significant (Table 2).
Furthermore, there was no significant correlation
between duration of disease, tenderness score,
restriction of range of motion score, physician
global assessment of disease activity, patient
assessment of overall wellbeing, JADAS-27, levels
of ESR, and CRP with any of the JAMRIS score
parameters (Table 2).

MRI parameters in patients who did not
fulfil the clinical definition of arthritis
In the remaining 25 joints (15 patients) that
had no clinical arthritis, early MRI findings were
seen in eight joints (7 patients, 46.6%); late
finding in one joint (1 patient, 6.6%) and both
early and late changes were seen in 11 joints
(7 patients, 46.6%). In other words, 19 joints
(76%) revealed early MRI findings and 12 (48%)
joints showed late MRI changes.
Also, MRI revealed significant joint
effusion in 9/32 (28.1%) joints in six patients
(Figure 4a, b). Eight of these nine joints
had ≥1 JAMRIS component of MRI finding
(Supplemental Table 1). Six of these nine joints
had synovial hypertrophy (Grade I- 1 joint, and
Grade II- 5 joints). Four joints each showed
cartilage lesions and bone erosions, respectively.
Bone marrow edema was seen in seven joints.

Four patients had inactive disease as per
Wallace criteria at the time of imaging. Three of
these four (75%) patients showed MRI findings
(synovial hypertrophy: n=2 joints; cartilage
lesions: n=1 joint; and bone erosions: n=1 joint).
Sixteen patients had active disease as per Wallace
criteria; and 15 patients of these (93.7%) had MRI

Table 2. Correlation of clinical, laboratory, and core set variables with MRI parameters
Characteristics

MRI synovial
hypertrophy score

MRI cartilage
lesion score

MRI bone
erosion score

MRI bone marrow
edema score

Duration of disease (year)

-0.199

0.078

0.198

0

Number of joints affected

0.448

-0.206

-0.366

0.104

Restriction of shoulder joint movement

0.115

0.256

-0.042

0.247

Duration of early morning stiffness

-0.119

-0.092

-0.343

-0.038

Visual Analog Scale

0.196

-0.443

-0.253

0.343

Physician global assessment of disease activity

0.218

-0.372

-0.153

0.265

Parent/patient assessment of overall wellbeing

0.149

-0.486

-0.296

0.357

JADAS 27

0.217

-0.429

-0.246

0.272

Erythrocyte sedimentation rate (mm/1st h)

0.110

-0.234

-0.002

-0.153

C-reactive protein (mg/L)

0.15

-0.034

-0.143

0.182

1.000

1.000

0.117

0.587

Disease activity as per Wallace criteria

MRI: Magnetic resonance imaging; JADAS: Juvenile Arthritis Disease Activity Score.
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Table 3. Comparison of baseline characteristics in sJIA versus other JIA subset categories
sJIA (11 patients)
Variables
Median number of joints†

Median

IQR

Other subsets (9 patients)
Median

IQR

p
0.295

6

4-6

7

3-7.5

6.5

4.5-9

12

10.5-13.5

0.001

Median duration of disease† (year)

3

2-3

2

1-4

0.456

Median Visual Analog Scale of pain

3

2-5

3

2-5

0.656

Median physician global assessment of disease activity†

3

2-4

3

1.5-3.5

0.941

Median patient assessment of general well-being†

4

2-4

4

2-4.5

1.000

Median JADAS 27†

12

8-16

15

9.5-20

0.456

Median erythrocyte sedimentation rate† (mm/h)

22

16-30

27

15.5-67.5

0.656

Median C-reactive protein† (mg/L)

16

2-32

10

5.5-16

0.331

No. of patients with synovial hypertrophy‡

5

3

0.670

No. of patients with cartilage lesions‡

4

2

0.642

No. of patients with bone erosions‡

6

3

0.406

No. of patients with BME‡

8

5

0.642

Median age of onset† (year)

sJIA: Systemic juvenile idiopathic arthritis; IQR: Inter quartile range; JADAS: Juvenile arthritis Disease activity score; BME: Bone marrow edema; † Mann-Whitney U test;
‡ Fisher’s exact test or chi-squared test.

findings of early/late changes. Five joints showed
one MRI finding; four joints each showed two and
three MRI findings; one joint had all four MRI
findings; and one joint revealed only joint effusion
on MRI (Supplemental Table 1). There was
no correlation between Wallace active/inactive
disease state and various MRI findings observed
in our study (Table 2).
sJIA versus other subsets of JIA
Clinical and laboratory parameters of patients
with sJIA (n=11) were compared with the rest
of the subsets of JIA patients compiled together
(n=9) and are summarized in Table 3. Patients
with sJIA had a young age at onset of symptoms
compared to patients in other subsets of JIA
(median age: eight years vs. 11 years, p=0.001).
Both sJIA and other JIA subset groups were
comparable in the median number of joints
involved (six vs. seven joints, p=0.295); median
duration of disease at the time of analysis
(three vs. two years, p=0.456); and core set
outcome variables (Table 3). Inflammatory markers
(ESR, and CRP) levels were also comparable in
both groups. Number of patients with synovial
hypertrophy (five vs. three patients, p=0.67);
cartilage lesions (four vs. two patients, p=0.642);
bone erosions (six vs. three patients, p=0.406);
and BME (eight vs. five patients, p=0.642) were

not significantly different in patients with sJIA and
patients in other subsets of JIA.
Reliability and reproducibility of JAMRIS
System in shoulder joint
Reliability and reproducibility were judged
by determining inter- and intra-observer
correlation coefficients for each MRI component.
Inter-observer correlation coefficient for MRI
synovial hypertrophy score and BME score was
1.000 (95% CI: 1.000-1.000); for MRI cartilage
lesion score was 0.952 (%95 CI: 0.904-0.976)
and for MRI bone erosion score was 0.948
(95% CI: 0.897-0.974). Inter-observer correlation
coefficient for all the MRI parameters was 1.000.

DISCUSSION
Juvenile idiopathic arthritis is one of the leading
causes of acquired disability in children. Early and
effective therapeutic interventions have shown
good results in the long-term outcome of JIA.8,9
Until date, physical examination is considered
an essential tool for assessing joint inflammation
in daily clinical practice. However, it is not
sensitive even in the hands of an experienced
clinician.5,15-17 Conventional radiographs can
detect only late destructive changes and not early
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changes of synovial hypertrophy and BME.5,18
Ultrasonography (USG) was found to be more
sensitive than radiography, but less sensitive
than MRI in detecting both soft tissue changes
and cartilage loss.5,7 Moreover, it is limited by its
inability to assess the entire joint (peripheral and
central aspects) and the difficulty in obtaining
reproducible measurements.5 Hermann et al.19 in
his study compared clinical examination, USG,
and MRI in 43 patients of rheumatoid arthritis
and found that MRI was superior in detecting
synovitis, erosions, as well as tenosynovitis than
USG with a significant statistically significant
difference.
Magnetic resonance imaging is more
sensitive
than
physical
examination,
conventional radiography, or USG for evaluating
inflammatory and destructive changes in JIA.20
It is underutilized both in clinical practice and
research and only limited studies have used
MRI to evaluate joint inflammation in JIA,
particularly by JAMRIS.3,12
Shoulder joints were evaluated in the present
study using the JAMRIS system. Both early
and late changes were seen in 27/32 (84.4%)
of evaluated shoulder joints (n=15, 60%),
compared to clinical examination that diagnosed
arthritis only in seven joints using clinical criteria
(n=5, 40%). An excellent intra- and inter-observer
correlation coefficient were found, indicating that
the JAMRIS system is a reliable, reproducible,
and valid method for assessing the disease and
damage in shoulder joints of children with JIA.
The most common age group in our study
was 11 to 15 years, mostly males and majority
of the patients were of sJIA. This finding is
similar to other descriptive studies reported
from India.21-23
On clinical examination, none of the
32 evaluated shoulder joints had swelling, whereas
nine joints showed significant joint effusion on
MRI. In comparison, a study done on MRI
evaluation of 10 wrist joints of JIA showed
synovial volumes to correlate well with swelling
score.21 This indicates the inadequacy of clinical
examination to appreciate swelling in deep joints.
The present study revealed the sensitivity
of clinical examination to detect shoulder joint
arthritis as only 25.9%. Furthermore, the NPV
(i.e., the probability of not having true disease
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with normal clinical examination) was only 20%,
with as much as half of the patients (48%) with no
clinical arthritis showing late destructive changes.
Such a low sensitivity of clinical examination to
detect arthritis in a deep joint was similar to what
has been reported for hip joint.6 These findings
indicate the danger associated with dependence
on clinical examination in detecting arthritis,
particularly in deeper joints such as shoulder joint.
No statistically significant correlation was
found between various clinical parameters with
any of the JAMRIS score parameters. It could be
possible that the above-mentioned parameters
reflect disease activity as a whole, while JAMRIS
reflects a single joint disease activity status. This
lack of correlation between clinical, laboratory,
and disease activity parameters with MRI findings
has been reported by the other authors, as
well.3,6 Further large-scale studies are required to
delineate the exact correlation between JAMRIS
and disease activity parameters in JIA.
Magnetic resonance imaging is a sensitive
diagnostic tool to pick up changes in inflammation
which can be used to assess response to therapy,
whereas, in USG, the synovial abnormalities
tend to persist even in inactive disease.24,25 Our
study showed more frequency of bone erosions
(late changes) than synovial abnormalities (early
changes), which could be attributed as the response
to ongoing therapy on synovial inflammation and
not bone erosions.
There are certain limitations of the study. First,
JIA is a conglomerate of different phenotypes;
each phenotype behaves differently. Although no
significant difference was found in MRI findings
while comparing sJIA and other subsets pooled
together, the results could not be generalized.
Larger studies with adequate sample size of
each subset would be required to delineate the
MRI findings in each subset. Second, BME can
be seen as a normal finding in children due to
presence of red marrow as suggested by a study
of normal wrists.26 The presence of other MRI
findings along with BME suggested that the BME
in our patients could have been pathological.
However, it would have been appropriate, if
healthy age-matched controls were included in
the study for comparison, but could not be
done for ethical reasons. Third, BME could
also be observed in sJIA as a part of systemic
inflammation. The present study revealed that
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only two joints in sJIA patients had BME alone
on MRI, and the rest had associated effusion or
other MRI findings. Thus, it can be inferred that
BME in sJIA patients was most likely due to joint
inflammation. Moreover, the frequency of BME
was not statistically significant between sJIA and
the rest of the subsets. It is possible that, since all
patients of sJIA were receiving steroids, this could
have led to a decrease in BME due to systemic
inflammation. Future prospective MRI studies
in children with sJIA, divided into two groups
(with or without prednisolone) would be required
to delineate the effect of steroids on BME.
In conclusion, the present study demonstrates
that JAMRIS system is reliable and reproducible
for detecting shoulder joint arthritis in patients
with JIA with a sensitivity of clinical examination
of 25.9% and an NPV of 20% only.
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