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Abstract

Introduction Bone marrow edema (BME) is one of the main imaging characteristics of juvenile idiopathic arthritis (JIA) in
children and rheumatoid arthritis (RA) in adult. Previous studies have shown that BME occurred in approximately 64% of
adults with RA and was a key predictor of poor prognosis. But BME with JIA has not been of great concern. Therefore, we
evaluated the prevalence, characteristics, and prognosis of knee joint BME in children with JIA.

Methods In this retrospective study, we included children with JIA and knee joint involvement from January 2017 to
December 2019. BME was evaluated according to the Juvenile Arthritis MRI Scoring system. Clinical characteristics were
compared between the BME group and the non-BME group. The characteristics and prognosis of the BME were observed.
Results A total of 128 children with 136 knee joint MRI data were identified, with 37 knee joints (27.2%) having BME.
BME has positive correlation with synovial hypertrophy (Rs=0.562, p=0.019). There were significant differences in age
(»=0.010) and disease duration (»p =0.013) between the BME and non-BME groups. BME was found to be more com-
mon in older children and the patients with long duration of disease. Locations with BME were the lateral tibial plateau
(17/37, 45.9%), the lateral weight-bearing femur (16/37, 43.2%), the medial tibial plateau and the medial femoral condyle
(both with 15/37, 40.5%), and the medial weight-bearing femur (12/37, 32.4%). The lateral femoral condyle and both the
lateral and medial sides of the patella were rarely involved. Of the 15 BME joints with the MRI follow-up data (interval
6.5 + 3.0 months), the lesions disappeared or improved within 12 months after the treatments in 13 (86.7%) joints.
Conclusions The prevalence of knee BME in JIA was 27.2%. There was positive correlation between BME and synovial
hypertrophy. Older children and children with long disease duration had a higher risk for BME, which was commonly a late
presentation and more likely involved the weight-bearing surfaces of the joint. The overall prognosis was satisfactory after
the standard treatments.

Key Points
o To the best of our knowledge, this paper is the first one to investigate the MRI manifestation in JIA focus on knee BME sign.
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Introduction

Juvenile idiopathic arthritis (JIA) is a common pediatric
articular disorder. Early diagnosis and timely interven-
tions can prevent irreversible damage to the joint, thereby
improving the prognosis. The knee is the most commonly
involved joint, and is considered to be the most appropri-
ate joint in JIA for evaluation of outcome with magnetic
resonance imaging (MRI) [1, 2].

JIA is characterized by prolonged synovial inflamma-
tion that can lead to destruction of joints; the main imag-
ing features include synovial thickening, joint effusion,
and bone marrow edema (BME) [3]. Previous studies have
shown that synovial inflammation and joint effusion in
JIA are closely related to clinical arthritis activity, and the
prognosis is good [4, 5]. The study on BME as an impor-
tant manifestation of early bone involvement is at present
lacking [6]. The studies of adults with rheumatoid arthri-
tis (RA) have shown that BME occurred in approximately
64% [7] and was a key predictor of poor prognosis [8, 9].
The prevalence of bone destruction secondary to the BME
in RA patients ranged from 34 to 68% [10]. Children have
rapid skeletal growth and development. What are the char-
acteristics of BME caused by JIA? There are challenges for
pediatric rheumatologists and radiologists. However, there
have been limited studies to investigate the BME in JIA; we
evaluated the prevalence, characteristics, and prognosis of
knee joint BME in children with JIA in the present study.

Methods
Study design and participants

We retrospectively identified children with JIA diagnosed at
the Department of Rheumatology and Immunology of our
hospital between January 2017 and December 2019. The
study protocol was approved by the hospital ethics committee.

The patients met all the following inclusion criteria: (1)
children with JIA diagnosed based on the criteria from the
International League of Associations for Rheumatology
(ILAR) [11]; (2) knee arthritis clinically; (3) knee MRI
was performed before treatment. Children with history of
hypermobility or trauma, or other systemic disease were
excluded. We collected clinical information of the included
patients, including sex, age, disease duration, and JIA type.

Magnetic resonance imaging examination

A GE Signa 1.5-T scanner (General Electric, MA, USA)
was used to examine the knee joint. The children were
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placed in the supine position with the knee joint lying
centrally in the magnetic field in the dedicated knee coil.
Children who could not cooperate were sedated with oral
chloral hydrate (0.5 mL/kg). The sagittal TIWI/T2WI/
STIR (short tau inversion recovery) sequences, axial
STIR, and sagittal and coronal fat-suppressed T1WI scans
after intravenous injection of Gd-DTPA (0.2 mL/kg) were
performed.

Image analysis

BME was evaluated in accordance with the latest version
of the Juvenile Arthritis MRI Scoring (JAMRIS) system,
which has been validated and described before in detail [3,
12]. All patients underwent complete imaging assessments.
BME was defined as ill-defined lesions within the trabecu-
lar bone, presenting high signal intensity on T2-weighted
images and low signal intensity on T1-weighted images.
The presence of bone marrow changes was scored in eight
anatomical regions, including medial and lateral patella on
the axial view, medial and lateral femoral condyle, and the
medial and lateral weight-bearing surfaces of the femur. The
tibia was divided into two regions: the medial and lateral
tibial plateau. Bone marrow changes suggestive of BME
were scored semi-quantitatively based on the subjectively
estimated percentage of the involved bone volume at each
site as follows: grade 0, none; grade 1, < 10% of the whole
bone volume; grade 2, 10-25% of the whole bone volume;
grade 3,>25% of the whole bone volume. The total score
could be in the range between 0 and 24.

After receiving appropriate training in JAMRIS, two
experienced pediatric radiologists independently blindly
evaluated the MRI data from the enrolled children, and their
mean score was taken as the final score.

In addition, relationship between BME and synovial
thickening, the basic pathological change of JIA, was
explored.

Statistical analysis

Statistical analyses were performed in SPSS (version 25.0,
IBM, NY, USA). Categorical data were presented as per-
centages. Continuous data were presented as mean + stand-
ard deviation or median with interquartile ranges, depending
on the results of the normality test. The linear correlation
was tested using the Spearman rho. Significance was clas-
sified as follows: Rs <0.40, poor; >0.40-0.60, moder-
ate; > 0.60-0.80, substantial; and > 0.80, good correlation.
Kappa statistic was used to test the inter-rater agreement
between two radiologists. Based on the MRI score, all of
the patients were classified either into the BME group or
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non-BME group. Clinical characteristics were compared
between the two groups by the ¢ test, nonparametric test, or
chi-square test, as appropriate. A p value < 0.05 was consid-
ered statistically significant.

Results

A total of 128 JIA children, with 136 knee MRI images,
were included in the present study. There were 61 boys and
67 girls, with the mean age of 6.7+ 3.9 years. For 15 chil-
dren, follow-up knee MRI data were available (mean follow-
up interval 6.5 + 3.0 months).

There was high agreement on the score of BME evalua-
tions between the two radiologists (kappa=0.81, p <0.001).
Of the 136 knee joints that received MRI examinations dur-
ing the initial hospital visits, 32 showed BME. Another five
knee joints showed BME in the follow-up MRI examinations

during the treatments. Therefore, a total of 37 knee joints
had BME during the observation period (37/136, 27.2%).
And BME was accompanied by synovitis in all cases. There
were significant correlations between total BME grade and
synovial hypertrophy (Rs=0.562, p=0.019).

Baseline comparisons between the BME and non-BME
groups are shown in Table 1. There were no significant
differences in sex and the types of JIA between the two
groups. There were significant differences in age (r=2.631,
p=0.010) and the duration of disease (z= —5.782,
p=0.013) between the two groups. BME was found to be
more common in older children and the patients with long
duration of disease.

Based on the JAMRIS system, the 37 knee joints with
BME had the lesions to varying degrees at eight loca-
tions. The frequencies of lesions at each location are shown
in Fig. 1. The most frequently involved locations were
the lateral tibial plateau (17/37, 45.9%) and the lateral

Table 1 Clinical characteristics of 128 children with juvenile idiopathic arthritis

Variables BME group Non-BME group Statistic p
Number of children/number of affected joints 36/37 92/99
Sex, male:female 14:22 45:47 z=-1.019 0.308
Age, years, mean + standard deviation 8.1+3.7 6.1+3.9 t=2.631 0.010*
Disease duration, months, median (interquartile ranges) 9(3,22) 4(2,18) z=-5.782 0.013*
Types, N z=-0.078 0.938
Oligoarthritis 18 50
Polyarticular arthritis (negative RF) 6 5
Polyarticular arthritis (positive RF) 2
Systemic 5 27
Enthesitis-related arthritis 5 8
BME, bone marrow edema; RF, rheumatoid factor.
t refers to ¢ test. z refers to nonparametric test. *p <0.05.
Fig. 1 Frequencies of involve- 50
ments at different locations in
the knee joint in children with
JIA 15
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weight-bearing femur (16/37, 43.2%), followed by the
medial tibial plateau (15/37, 40.5%) and the medial femo-
ral condyle (15/37, 40.5%), and the medial weight-bearing
femur (12/37, 32.4%). The lateral femoral condyle and the
lateral and medial sides of the patella were rarely involved.
Locations frequently affected by BME in the descending
order are shown in Fig. 2. It is noteworthy that the medial
femoral condyle usually had a mild involvement with a
major score of 1 (Fig. 3).

Among 37 knees with BME, 62.2% of the knees had
lesions at multiple locations. Among 14 knees (37.8%)
with signs of BME in only one location, BME was located
at the medial femoral condyle in nine cases, at the lateral
tibial plateau in three cases, and at the lateral weight-bear-
ing femur in two cases.

Fig.2 Locations frequently
affected by bone marrow edema
identified in the study

Fig.3 Degrees of involvements 8
at different locations in the knee
joint in children with JIA
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Among 37 knees with BME, 15 underwent MRI
follow-up re-examination during the treatment, with
a follow-up interval of 6.5+ 3.0 months. Within the
12-month follow-up, BME signs disappeared in ten
knees, improved in three knees, and progressed in two
knees (Table 2, Fig. 4). The rate of BME disappearance
and improvement within 12 months was 86.7% (13/15),
while the rate of progression was 13.3% (2/15). All of
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Table 2 General information D

. Gender Age (year) Follow-up BME locations and scores (pre value/post value)
and BME changes of 15 patients interval
with MRI follow-up (month) LTP LWBF MTP MC MWBF LC LP MP
1 F 4 1/0
2 M 8 3 2/0
3 F 10 10 1/0 1/0
4 F 5 7 1/0
5 F 5 9 1/0 1/0
6 F 2 4 1/0
7 F 7 7 1/0
8§ F 9 3 2/0  2/0 2/0 2/0
9 M 11 6 2/0 2/0 1/0 1/0 2/0 2/0
10 F 13 3 1/0
11 M 11 7 2/1 2/1 1/0
12 F 6 2/1 1/0 3/1
13 F 6 3/3 32 373 3/0
14 F 12 02
15 F 11 12 0/2 0/1 0/1 0/1

Age age of onset, LTP lateral tibial plateau, LWBF lateral weight-bearing femur, MTP medial tibial pla-
teau, MC medial condyle, MWBF medial weight-bearing femur, LC lateral condyle, LP lateral patella, MP

medial patella.

Fig.4 A, B 7-year-old girl,
coronal T1-W FS Gd-enhanced
MRI. A BME in the medial
femoral condyle (arrow). Note
the accompanying synovitis
(arrowhead). B BME disap-
peared at the follow-up visit

6 months after standard treat-
ment. C, D 11-year-old boy,
coronal T1-W FS Gd-enhanced
MRI. C No BME was visible
at the initial MRI examination,
but the synovitis was clear
(arrowhead). D After 10 months
with reduced dosage even with-
drawal, BME appeared in the
lateral tibial plateau (arrow)

Discussion

JIA refers to a heterogeneous group of conditions with onset
under the age of 16 years with unknown etiology and per-
sistence of symptoms for over 6 weeks [13]. BME is an
important sign common in adults with RA and children with

JIA. Histological studies on BME in RA patients showed
local inflammation with increased vascularity. The osteo-
clastic activity was closely related to the local lymphocytic
infiltration, which could lead to a poor prognosis [14, 15].
In recent years, with the widespread use of MRI, joint BME
is often identified in children with JIA. In the present study,
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the prevalence of BME in JIA was 27.2%, which was lower
than that reported in adult RA (64%) [7]. BME was accom-
panied by synovitis in all joints, there was no BME find-
ing without synovitis in this study, and there was positive
relationship between them. This finding is consistent with
the traditional pathogenesis hypothesis for JIA, which think
inflammation is from synovitis to cartilage damage to bone
erosion, synovitis increased over time result in BME, syno-
vitis is the precursor to bone involvement [16, 17].

The results of our study showed that the BME and non-
BME groups had comparable distributions of sex and the
types of JIA. This might be due to the fact that JIA children
with different age and types of JIA had similar pathologi-
cal changes of the involved joints, which resulted in similar
presentations in the MRI images. BME was more likely to
be found in older children, which might be related to the
increased activity and knee joint loading in older children.
The median duration of disease in the BME group was
9 months, which was significantly longer than that in the
non-BME group (4 months), suggesting that BME might not
happen during the early JIA development but rather occur
gradually with the progression of JIA. This was different
from the adult RA where BME was reported more frequently
in the early disease development [7, 8].

The present study showed that most of the knee joints
with BME (62.2%) showed simultaneous lesions in mul-
tiple locations. More lesions were observed in the weight-
bearing surfaces and fewer lesions were found in the non-
weight-bearing surfaces and patella. The most frequently
and severely affected locations in the knee joint were the
lateral tibial plateau and the lateral weight-bearing surface
of the femur (lateral tibiofemoral joint, LTJ). LTJ was also
the common location when a single BME lesion was identi-
fied in the knee joint. The possible reason for the frequent
involvements of the LTJ was the physiological knee val-
gus in children more than 2 years old from the abnormal
lower extremity force line due to weak joint capsule and
ligament, unstable joints, and underdeveloped muscles [18].
The valgus stress line could place more pressure on the lat-
eral surface of the tibiofemoral joint, which could result in
BME. Therefore, reduction of weight-bearing in the lower
extremities and correction of the abnormal force line might
decrease the risk of BME. In addition to the weight-bearing
surfaces, the medial femoral condyle was also frequently
affected by BME. Nine out of 12 BME knee joints with sin-
gle lesions affected the medial femoral condyle. This loca-
tion was not involved in the weight-bearing. Its lesion could
not be explained by the stress from the force line. Besides,
our study found that BME at the medial femoral condyle
was less severe and had a better prognosis than BME at the
weight-bearing surfaces in the knee joint. A previous study
found that, compared with the lateral femoral condyle, the
medial femoral condyle was more likely to have a higher
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degree of intrachondral ossifications with irregular shapes
and uneven signals in the MRI images [19]. We presume
that there would be a potential relationship between BME
at the medial femoral condyle and altered blood supply dur-
ing the developmental intrachondral ossifications. The exact
mechanism requires further investigations.

The progression, chance of recovery, and risk of disability
caused by BME in JIA children are the major concerns for
the clinicians and parents. In the 15 knee joints display-
ing BME, for which the follow-up MRI studies were avail-
able, the lesions completely disappeared or improved within
12 months after standard treatments in 86.7% of cases, and
no bone destruction or developmental disability occurred.
This promising result may suggest significantly better prog-
nosis of BME in childhood JIA compared with adult RA.
Two children with poor recoveries of BME had poor com-
pliance with the treatments, which might be responsible for
their disease progression.

Our study had several limitations. First, we did not
include children without JIA as a control group. Pro. Hemke
had made a research on the normal appearance of knee in
healthy children and reported that physiological changes
similar to BME could be observed in the apex patellae in
healthy children, but without other accompanying abnor-
malities [20]. Our data showed that all the BME change
accompanied by synovial hyperplasia, so we think there
was not enough evidence to take it as physiological change.
Next, these children were followed up at different time-
points after the treatments. The exact time period required
for the improvement or progression of BME was not clear.
Third, we included a small sample size with a short follow-
up period. The retrospective study design could also bring
biases into the analysis. Finally, factors that could affect the
BME prognosis and its possible recurrence were not investi-
gated due to the small sample size. A prospective study with
a large sample size should be conducted for further empirical
support of the current findings.

Conclusions

The prevalence of knee BME in childhood JIA was lower
than that in adult RA from literatures. There was positive
correlation between BME and synovial hypertrophy. Older
children and children with long disease duration had a higher
risk for BME. BME frequently presented as a late finding and
more likely involved the weight-bearing surface of the knee.
Most of the JIA children had various degrees of improvement
and satisfactory outcomes after standard treatments.

Author contribution Dr. Tao Jiang contributed to study design and
revised the article for important intellectual content. Dr. Yang Yang



Clinical Rheumatology (2022) 41:1793-1799

1799

analyzed and interpreted the patient data and was the major contributor
in writing this manuscript. Dr. Xinyu Yuan provided valuable insights
and comments and revised the article critically. Dr. Xinning Wang and
Ran Tao contributed to acquisition and analysis of data. All authors
were involved in drafting the article or revising it, and all authors
approved the final version to be published.

Data availability All data generated or analyzed during this study are
included in this article.

Code availability Not applicable.

Declarations

Ethics approval and consent to participate This study was approved by
the ethics committee of Capital Institute of Pediatrics, China.

Consent for publication All authors agreed with the content and that
all gave explicit consent to submit and that they obtained consent from
the responsible authorities at the institute where the work has been
carried out.

Compliance with ethical standards Disclosures None

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Magni-Manzoni S, Scire CA, Ravelli A, Klersy C, Rossi S, Mura-
tore V et al (2013) Ultrasound-detected synovial abnormalities are
frequent in clinically inactive juvenile idiopathic arthritis, but do
not predict a flare of synovitis. Ann Rheum Dis 72(2):223-228.
https://doi.org/10.1136/annrheumdis-2011-201264

2. Hemke R, Nusman CM, van der Heijde DMF et al (2015) Fre-
quency of joint involvement in juvenile idiopathic arthritis during
a 5-year follow-up of newly diagnosed patients: implications for
MR imaging as outcome measure. Rheumatol Int 35(2):351-357.
https://doi.org/10.1007/s00296-014-3108-x

3. Hemke R, Tzaribachev N, Barendregt AM et al (2018) Imaging of
the knee in juvenile idiopathic arthritis. Pediatr Radiol 48(6):818—
827. https://doi.org/10.1007/s00247-017-4015-6

4. @stergaard M, Peterfy C, Conaghan P et al (2003) OMERACT
rheumatoid arthritis magnetic resonance imaging studies. Core set
of MRI acquisitions, joint pathology definitions, and the OMER-
ACT RA-MRI scoring system. J] Rheumatol 30(6):1385-1386

5. Hemke R, van Veenendaal M, van den Berg JM et al (2014) One-
year followup study on clinical findings and changes in magnetic
resonance imaging-based disease activity scores in juvenile idi-
opathic arthritis. J] Rheumatol 41(1):119-127. https://doi.org/10.
3899/jrheum.130235

6. Tanturri de Horatio L, Damasio MB, Barbuti D et al (2012) MRI
assessment of bone marrow in children with juvenile idiopathic
arthritis: intra- and inter-observer variability. Pediatr Radiol
42(6):714-720. https://doi.org/10.1007/s00247-012-2345-y

7. McQueen FM, Stewart N, Crabbe J, Robinson E, Yeoman S, Tan
PL et al (1998) Magnetic resonance imaging of the wrist in early
rheumatoid arthritis reveals a high prevalence of erosions at four
months after symptom onset. Ann Rheum Dis 57(6):350-356.
https://doi.org/10.1136/ard.57.6.350

8. McQueen FM (2000) Magnetic resonance imaging in early inflam-
matory arthritis: what is its role? Rheumatology 39(7):700-706.
https://doi.org/10.1093/rheumatology/39.7.700

9. Haavardsholm EA, Bgyesen P, @stergaard M, Schildvold A, Kvien
TK (2008) Magnetic resonance imaging findings in 84 patients
with early rheumatoid arthritis: bone marrow oedema predicts
erosive progression. Ann Rheum Dis 67(6):794-800. https://doi.
org/10.1136/ard.2007.071977

10. McQueen FM (2012) Bone marrow edema and osteitis in rheu-
matoid arthritis: the imaging perspective. Arthritis Res Ther
14(5):224. https://doi.org/10.1186/ar4035

11. Petty RE, Southwood TR, Manners P, Baum J, Glass DN, Gold-
enberg J et al (2004) International League of Associations for
Rheumatology classification of juvenile idiopathic arthritis:
second revision, Edmonton, 2001. J Rheumatol 31(2):390-392.
https://doi.org/10.1021/ic50115a029

12. Hemke R, van Rossum MA, van Veenendaal M et al (2013) Reli-
ability and responsiveness of the Juvenile Arthritis MRI Scor-
ing JAMRIS) system for the knee. Eur Radiol 23(4):1075-1083.
https://doi.org/10.1007/s00330-012-2684-y

13. Prakken B, Albani S, Martini A (2011) Juvenile idiopathic arthri-
tis. Lancet 377(9783):2138-2149. https://doi.org/10.1016/S0140-
6736(11)60244-4

14. McQueen FM (2007) A vital clue to deciphering bone pathology:
MRI bone oedema in rheumatoid arthritis and osteoarthritis. Ann
Rheum Dis 66(12):1549-1552. https://doi.org/10.1136/ard.2007.
082875

15. Jimenez-Boj E, No“bauer-Huhmann I, HanslikSchnabel F, Dor-
otka R, Wanivenhaus A, Kainberger F et al (2007) Bone erosions
and bone marrow edema as defined by magnetic resonance imag-
ing reflect true bone marrow inflammation in rheumatoid arthritis.
Arthritis Rheum 56(4):1118-1124. https://doi.org/10.1002/art.
22496

16. Bugatti S, Manzo A, Caporali R, Montecucco C (2012) Inflamma-
tory lesions in the bone marrow of rheumatoid arthritis patients: a
morphological perspective. Arthritis Res Ther 14(6):229. https://
doi.org/10.1186/ar4115

17. Ten Brinck RM, van Steenbergen HW, van der Helm-van Mil
AHM (2018) Sequence of joint tissue inflammation during rheu-
matoid arthritis development. Arthritis Res Ther 20(1):260.
https://doi.org/10.1186/s13075-018-1756-z

18. Espandar R, Mortazavi SM, Baghdadi T (2010) Angular deformi-
ties of the lower limb in children. Asian J Sports Med 1(1):46-53.
https://doi.org/10.5812/asjsm.34871

19. Jans LBO, Jaremko JL, Ditchfield M, Verstraete KL (2011) Evolu-
tion of femoral condylar ossification at MR imaging: frequency
and patient age distribution. Radiology 258(3):880-888. https://
doi.org/10.1148/radiol. 10101103

20. Hemke R, van den Berg JM, Nusman CM et al (2018) Contrast-
enhanced MRI findings of the knee in healthy children; establish-
ing normal values. Eur Radiol 28(3):1167-1174. https://doi.org/
10.1007/s00330-017-5067-6

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

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1136/annrheumdis-2011-201264
https://doi.org/10.1007/s00296-014-3108-x
https://doi.org/10.1007/s00247-017-4015-6
https://doi.org/10.3899/jrheum.130235
https://doi.org/10.3899/jrheum.130235
https://doi.org/10.1007/s00247-012-2345-y
https://doi.org/10.1136/ard.57.6.350
https://doi.org/10.1093/rheumatology/39.7.700
https://doi.org/10.1136/ard.2007.071977
https://doi.org/10.1136/ard.2007.071977
https://doi.org/10.1186/ar4035
https://doi.org/10.1021/ic50115a029
https://doi.org/10.1007/s00330-012-2684-y
https://doi.org/10.1016/S0140-6736(11)60244-4
https://doi.org/10.1016/S0140-6736(11)60244-4
https://doi.org/10.1136/ard.2007.082875
https://doi.org/10.1136/ard.2007.082875
https://doi.org/10.1002/art.22496
https://doi.org/10.1002/art.22496
https://doi.org/10.1186/ar4115
https://doi.org/10.1186/ar4115
https://doi.org/10.1186/s13075-018-1756-z
https://doi.org/10.5812/asjsm.34871
https://doi.org/10.1148/radiol.10101103
https://doi.org/10.1148/radiol.10101103
https://doi.org/10.1007/s00330-017-5067-6
https://doi.org/10.1007/s00330-017-5067-6

	Preliminary MRI-based investigation of characteristics and prognosis of knee bone marrow edema in children with juvenile idiopathic arthritis
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design and participants
	Magnetic resonance imaging examination
	Image analysis
	Statistical analysis

	Results
	Discussion
	Conclusions
	References


