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ABSTRACT
Objectives To describe power Doppler (PD) ultrasound 
findings in joint regions with B- mode (BM) synovitis using 
a standardised scanning protocol and scoring system in 
patients with juvenile idiopathic arthritis (JIA). Further, 
to examine associations between PD findings and BM 
synovitis, clinical arthritis, patient characteristics and 
disease activity.
Methods In this cross- sectional study, one experienced 
ultrasonographer, blinded to clinical findings, performed 
ultrasound examinations in 27 JIA patients with suspected 
clinical arthritis. The elbow, wrist, metacarpophalangeal 
2–3, proximal interphalangeal 2–3, knee, ankle and 
metatarsophalangeal 2–3 joints were assessed bilaterally 
and scored semiquantitatively (grades 0–3) for BM 
and PD findings using a joint- specific scoring system 
with reference atlas. Multilevel mixed- effects ordered 
regression models were used to explore associations 
between PD findings and BM synovitis, clinical arthritis, 
age, sex, JIA subgroups, disease duration and 10- joint 
Juvenile Arthritis Disease Activity Score (JADAS10).
Results Twenty- one girls and six boys, median age 
(IQR) 8 years (6–12 years) were included. Overall, 971 
joint regions were evaluated by ultrasound, 129 had 
BM synovitis and were assessed for PD. PD findings 
were detected in 45 joint regions (34.9%), most 
frequently in the parapatellar recess of the knee (24.4%). 
Increasing PD grades were associated with higher BM 
grades (OR=5.0,p<0.001) and with clinical arthritis 
(OR=7.4,p<0.001) but not with age, sex, JIA subgroups, 
disease duration or JADAS10.
Conclusion Increasing severity of PD findings were 
significantly associated with BM synovitis and with clinical 
arthritis. This suggests that PD signals detected using a 
standardised ultrasound examination and scoring system 
can reflect active disease in JIA patients.

INTRODUCTION
Ultrasound is a well- tolerated, non- invasive 
and easily accessible imaging technique that 
is well suited for use in children. However, the 

interpretation of ultrasonographic images 
in children can be challenging due to the 
unique features of the growing skeleton.1–3 
The interpretation of Doppler signals in 
children is especially challenging because of 
physiological vascularisation during growth. 
Doppler signals in healthy children can be 
detected in fat pads, epiphysis, physis and in 
intracartilaginous regions of small bones.4–6 
It is important that physiological vascularisa-
tion on ultrasound in children is not misin-
terpreted as pathological vascularisation and 
a sign of synovitis.

Few data exist on the evaluation of Doppler 
findings in patients with juvenile idiopathic 
arthritis (JIA). The studies conducted have 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Ultrasound is a valuable tool in the evaluation of 
synovitis in patients with juvenile idiopathic arthri-
tis (JIA), but the interpretation of Doppler signals in 
children is challenging due to physiological vascu-
larisation that can be misinterpreted as pathological 
findings.

WHAT THIS STUDY ADDS
 ⇒ Power Doppler (PD) findings in multiple joint regions 
with B- mode (BM) synovitis in patients with JIA were 
described using a standardised scanning approach 
and scoring system. Increasing PD grades were 
significantly associated with higher BM grades and 
with the presence of clinical arthritis.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Doppler signal assessment using a standardised 
ultrasound examination and a joint- specific scoring 
system can establish a feasible and more accurate 
interpretation of disease activity in patients with JIA.
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used different scanning approaches, definitions for 
abnormal Doppler signals and scoring systems.7–11 In 
addition, previous studies have mostly used ultrasound 
definitions developed for adults with rheumatoid arthritis 
(RA), which may not be suitable for use in children.7–11

The Outcome Measures in Rheumatology (OMERACT) 
ultrasound group has made preliminary ultrasound defi-
nitions for synovitis in children, including B- mode (BM) 
and Doppler findings.12 Only Doppler signals detected 
within synovial hypertrophy are considered pathologic.12 
The fact that Doppler signals need to be intrasynovial 
and not just intraarticular is an important differentiation 
from the definition in adults.13

A standardised ultrasound examination and scoring 
system for Doppler signals are needed to clarify the 
role of Doppler findings in monitoring disease activity 
and treatment effects in patients with JIA. A scanning 
protocol and an ultrasonographic joint- specific semi-
quantitative scoring system for BM synovitis and power 
Doppler (PD) activity with reference atlas for patients 
with JIA have recently been developed and have shown 
moderate to excellent reliability.14

As ultrasound is increasingly being used in the evalua-
tion of synovitis in children and has become an important 
tool in the management of patients with JIA,15 16 it is essen-
tial to understand the significance of Doppler findings in 
these patients. A description of abnormal Doppler signals 
and an evaluation of whether these findings reflect active 
disease are needed.

The objectives of this study were, first, to describe PD 
ultrasound findings in joint regions with BM synovitis 
using a standardised scanning protocol and a joint- 
specific scoring system for synovitis with reference atlas 
for patients with JIA. Second, to explore whether PD 
grades were associated with BM grades and with the pres-
ence of clinical arthritis. Further, to examine associations 
between PD grades and age, sex, JIA subgroups, disease 
duration and measures of disease activity.

METHODS
In this cross- sectional study, 27 patients with JIA, classi-
fied according to the International League of Associa-
tions for Rheumatology (ILAR),17 who had suspected 
clinical arthritis, that is, an assumed flare that required 
treatment adjustment, were consecutively recruited from 
the inpatient and outpatient clinic at the Department 
of Rheumatology at Oslo University Hospital, Norway 
between September 2020 and May 2022.

Clinical and laboratory assessment
The patient’s age, sex, JIA subgroup, disease duration 
and medications used were registered at the study visit. 
Clinical 71 joint evaluation18 was performed by experi-
enced rheumatologists who were blinded to ultrasound 
findings. Clinical arthritis was defined as the presence of 
joint swelling, or of joint tenderness and limited range of 
motion.19 Disease activity was assessed using the 10- joint 

Juvenile Arthritis Disease Activity Score (JADAS10), 
(range 0–40) with the new cutoffs for disease activity 
states in JIA.18 20 The JADAS10 includes the following 
four measures; the number of joints with clinical 
arthritis (the count of joints with clinical arthritis up to 
a maximum of ten joints, any joint count higher than 10 
gives 10 points in the score), physician global assessment 
(PhGA) of disease activity (0–10 cm Visual Analogue 
Scale (VAS) where 0=no activity and 10=maximum 
activity), parent/patient global assessment (PGA) of 
the patients well- being (0–10 cm VAS where 0=very well, 
10=very poor) and the normalised erythrocyte sedimen-
tation rate (0–10).18 20

Ultrasound examination
All patients underwent an ultrasound examination 
within 2 days after the clinical assessment. The ultra-
sound examinations were performed by the same rheu-
matologist (NKS) with extensive ultrasound experience. 
Inter- reader and intra- reader reliability evaluation have 
been reported in a previous study.14 The ultrasonogra-
pher was blinded to clinical findings, but the patient’s age 
was known. The same ultrasound machine, a GE Logiq 
S8 machine with linear probe (6–15 MHz) and hockey 
stick (8- 18MHz), with standardised settings for BM and 
PD (pulse repetition frequency 0.6 kHz, frequency 7.7 
MHz and low wall filter) was used in all examinations. 
PD was chosen instead of colour Doppler because the 
ultrasonographer had most experience with PD. The 
ultrasound examinations were done in 18 joint regions 
bilaterally according to an image acquisition protocol for 
patients with JIA including the anterior elbow, posterior 
elbow, radiocarpal, midcarpal, metacarpophalangeal 
(MCP)2 and MCP3 (dorsal), proximal interphalangeal 
(PIP)2 and PIP3 (dorsal and volar), knee (suprapatellar 
and lateral parapatellar recess), tibiotalar, talonavicular, 
anterior subtalar, posterior subtalar, metatarsophalan-
geal (MTP)2 and MTP3 (dorsal) joints.14 Synovitis 
detection on ultrasound was defined according to the 
preliminary ultrasound definitions for synovitis in chil-
dren.12 The ultrasound findings were scored at the time 
of acquisition according to a joint- specific semiquantita-
tive scoring system for BM synovitis and PD activity with 
reference atlas for patients with JIA ranging from grade 
0 (normal) to grade 3 (severe) for each joint region.14 
PD activity was scored accordingly: grade 0: no Doppler 
signal. Grade 1: 1–3 signals within the area of syno-
vial hypertrophy only. Grade 2: >3 signals or confluent 
signals present in <50% of the area of synovial hyper-
trophy. Grade 3: confluent signals present in >50% of 
the area of synovial hypertrophy.21 The synovial abnor-
malities threshold for BM and PD findings was chosen 
to be grade ≥1. PD findings were only scored within 
synovial hypertrophy in joint regions with BM synovitis 
(grade≥1). The EULAR recommendations checklist for 
reporting of ultrasound studies in rheumatic and muscu-
loskeletal diseases was used.22
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Statistical analysis
Baseline patient characteristics were expressed as the 
number (%) or median (IQR). Further analyses were 
performed on a joint level. This included the 18 joint 
regions that were examined with ultrasound (anterior 
elbow, posterior elbow, radiocarpal, midcarpal, MCP2- 3 
(dorsal), PIP2- 3 (dorsal and volar), knee (suprapatellar 
and lateral parapatellar recess), tibiotalar, talonavic-
ular, anterior subtalar, posterior subtalar and MTP2- 3 
(dorsal)). Only joint regions with BM synovitis (grade≥1) 
were included in the analyses. The proportion of PD find-
ings (grades 0–3) in joint regions with BM synovitis and 
in joint regions with clinical arthritis was described. Joint 
regions within the same clinically assessed joint (elbow 
anterior/posterior, knee suprapatellar/lateral parap-
atellar recess, subtalar anterior/posterior, PIP dorsal/
volar) were attributed to the same clinical finding. To 
account for within- patient effect (random intercept), 
we used multilevel mixed- effects ordered logistic regres-
sion analyses. Cross- sectional associations between PD 
grades and BM grades and clinical arthritis were exam-
ined with adjustment for joint regions and side (left and 
right). We also performed analysis with further adjust-
ment for age and sex to examine if the associations were 
altered. Associations between PD grades and age, sex, 
JIA subgroups, disease duration and measures of disease 
activity (JADAS10) were also explored. P values <0.05 
were regarded as statistically significant. For missing 
PhGA, PGA and biochemical values, the JADAS10 was 
not estimated. One joint region (anterior elbow) was not 
assessed by ultrasound because of band- aid in the elbow, 
but for joint regions assessed by ultrasound there were 
no missing values for BM grades, PD grades or findings 
of clinical arthritis. Statistical analyses were performed 
using STATA V.17.

Patient and public involvement
Patients did not actively participate in the planning of 
this study. However, the participants and the Norwegian 
Rheumatism Association have communicated that this is 
of interest to the patient community, especially due to the 
difference in the use and interpretation of ultrasound in 
children. Study results will be disseminated to patients 
and the public through the patient organisation’s website 
and newsletter.

RESULTS
Table 1 shows demographic and clinical characteristics 
of the 27 patients. A total of 971 joint regions were eval-
uated by ultrasound. Of these, 129 joint regions had BM 
synovitis and were included in further analyses (flowchart 
of joint region assessment in online supplemental figure 
1).

Abnormal PD signals were present in 45 of 129 joint 
regions with BM synovitis (34.9%), of which 18, 20 and 
7 joint regions had PD grades 1, 2 and 3, respectively. Of 
the 129 joint regions with BM synovitis, 84 of 129 joint 

regions (65.1%) did not have PD findings (PD grade=0). 
PD grade 1 was found in 4 of 48 (8.3%), 7 of 47 (14.9%) 
and 7 of 34 (20.6%) joint regions with BM grades 1, 2 
and 3, respectively. PD grades 2 and 3 were only present 
in joint regions with BM grades 2 and 3(figure 1A). 
Increasing PD grades were associated with higher BM 
grades (OR 5.0, 95% CI 2.7 to 9.1, p<0.001). Additional 
adjustment for age and sex did not alter the results (data 
not shown).

Table 1 Demographic and clinical characteristics of the 27 
patients with JIA

Characteristics Value

Girls, n (%) 21 (77.8)

Age, median years (IQR) 8 (6–12)

Age groups, n (%)

  2–4 years 6 (22.2)

  5–8 years 9 (33.3)

  9–12 years 6 (22.2)

  13–18 years 6 (22.2)

JIA subgroups, n (%)

  Oligoarthritis 17 (63.0)

  Polyarthritis RF negative 5 (18.5)

  Polyarthritis RF positive 3 (11.1)

  Psoriatic arthritis 2 (7.4)

Disease duration, median months (IQR) 2 (0–50)

JADAS10, median (IQR) 9.8 (6.9–12.8)

Disease activity group, n (%)

  Minimal 3 (11.1)

  Moderate 15 (55.6)

  High 4 (14.8)

  Missing 5 (18.5)

  ESR, mm/hour, median (IQR) 12 (4.5–24)

  CRP, mg/L, median (IQR) 1.2 (0–6.6)

Medication, n (%)

  Methotrexate 12 (44.4)

  TNF alfa inhibitor 4 (14.8)

  NSAIDS 7 (25.9)

  No medication 6 (22.2)

  Patient/parent global, median VAS 
0–10 cm (IQR)

4.8 (1.1–6.1)

  Physician global, median VAS 0–10 cm 
(IQR)

3.6 (2.5–5.4)

  Joints with clinical arthritis, median 
number (IQR)

2(1–4)

CRP, C reactive protein; ESR, erythrocyte sedimentation rate; 
JADAS10, 10- joint Juvenile Arthritis Disease Activity Score; 
JIA, juvenile idiopathic arthritis; NSAIDS, non- steroidal anti- 
inflammatory drugs; RF, rheumatoid factor; TNF, tumour necrosis 
factor; VAS, Visual Analogue Scale.
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The lateral parapatellar recess of the knee was the 
joint region with most PD findings (11 of 45 joint regions 
(24.4%)), followed by the radiocarpal (6 of 45 joint 
regions (13.3%)), the midcarpal (6 of 45 joint regions 
(13.3%)) and the suprapatellar recess of the knee (6 of 45 

joint regions (13.3%)). The joint region with most find-
ings of BM synovitis without abnormal PD signals was the 
suprapatellar recess of the knee (19 of 84 joint regions 
(22.6%)). Synovitis based on BM findings without PD 
findings and synovitis based on BM and PD findings are 

Figure 1A. 
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Figure 1 (A). Power Doppler (PD) ultrasound findings (grades 0–3) in 129 joint regions with B- mode (BM) synovitis (grades 
1–3) in patients with juvenile idiopathic arthritis (JIA). (B). Distribution of PD ultrasound findings (grades 0–3) in 129 joint regions 
with BM synovitis in patients with JIA. ant, anterior; MCP, metacarpophalangeal; MTP, metatarsophalangeal; para, parapatellar 
recess; PIP, proximal interphalangeal; Post, posterior; supra, suprapatellar recess.
Converted
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illustrated in figure 2. There were no BM or PD findings 
in the MCP2 or MCP3 joints. Distribution of PD findings 
(grades 0–3) in the 129 joint regions with BM synovitis 
are illustrated in figure 1B.

Of joint regions with PD grades 1, 2 and 3, clinical 
arthritis was present in 13 of 18 (72.2%), 17 of 20 
(85.0%) and 7 of 7 (100.0%), respectively. Of joint 
regions considered as clinical arthritis, 37 of 78 joint 
regions (47.4%) had PD findings. The lateral para-
patellar recess of the knee had the highest frequency 
of PD findings (10 of 37 (27.0%)), followed by the 
radiocarpal (6 of 37 (16.2%)), the midcarpal (6 of 37 
(16.2%)) and the suprapatellar recess of the knee (6 of 
37 (16.2%)) in joints with clinical arthritis. Increasing 
PD grades were significantly associated with the pres-
ence of clinical arthritis (OR 7.4, 95% CI 2.6 to 21.0, 
p<0.001). Additional adjustment for age and sex did not 
alter the results (data not shown).

Abnormal PD signals were present in all age groups. 
Joint regions with PD findings were seen in 9 of 27 
(33.3%), 11 of 35 (31.4%), 14 of 27 (51.9%) and 11 of 
40 (27.5%) in the age groups 2–4, 5–8, 9–12 and 13–18 
years, respectively. Boys had PD findings in 13 of 32 
joint regions (40.6%) whereas girls had PD findings in 
32 of 97 joint regions (33.0%). Oligoarthritis was the 
JIA subgroup that had most PD findings (29 of 73 joint 
regions (39.7%)), followed by polyarthritis rheumatoid 
factor (RF) positive (10 of 33 joint regions (30.3%), poly-
arthritis RF negative (5 of 17 joint regions (29.4%) and 
psoriatic arthritis (1 of 6 joint regions (16.7%)). Joint 
regions with PD findings were seen in 1 of 6 (16,7%), 
27 of 68 (39.7%) and 9 of 33 (27.3 %) in the minimal, 
moderate and high disease activity groups, respectively. 
Cross- sectional associations were not found between PD 
findings and age, sex, JIA subgroups, disease duration or 
JADAS10.

DISCUSSION
This is the first study to investigate associations between 
PD grades and BM grades and the presence of clinical 
arthritis in multiple joint regions using a standardised 
scanning protocol and a joint- specific scoring system for 
synovitis with reference atlas for patients with JIA. On 
joint level, increasing PD grades were strongly associated 
with higher BM grades. We also demonstrated a clear 
association between increasing PD grades and the pres-
ence of clinical arthritis. This suggests that the scoring 
system corresponds well with the severity of synovitis.

The preliminary ultrasound definitions for synovitis in 
children emphasise that synovitis can include BM find-
ings alone, but not PD findings alone.12 In our study, 
we found many joint regions with BM synovitis without 
abnormal PD signals. This could represent residual find-
ings of previous active arthritis,23 or that our patients had 
a low- grade severity arthritis. It could also indicate that 
BM synovitis alone without PD findings is more common 
in patients with JIA, or that synovial effusion without 
synovial hypertrophy is a prominent feature in joints with 
active arthritis since Doppler signals must be detected 
within synovial hypertrophy to be considered as a sign of 
synovitis.

  In joint regions that had PD findings, most had 
findings of clinical arthritis. The knee, radiocarpal and 
midcarpal joints had the highest frequency of PD find-
ings in joints with clinical arthritis. The wrist joint is 
difficult to evaluate clinically and has been identified as 
an indicator of poor outcome and a vulnerable site of 
structural damage.24 25 Ultrasound can be an important 
and helpful tool in the evaluation of this joint as ultra-
sound has been shown to be more sensitive than clinical 
examination in the evaluation of joint inflammation in 
peripheral joints.26 Our findings might suggest that the 
presence of abnormal PD signals is a sign of disease 

Figure 2 Illustration of variations in power Doppler (PD) ultrasound findings in two joint regions of the knee in a 10- year- old 
with juvenile idiopathic arthritis (JIA). Longitudinal dorsal scan of the knee joint (suprapatellar recess) showing B- mode (BM) 
synovitis (A), and BM synovitis without abnormal PD signals (grade 0) (B). Longitudinal dorsal scan of the knee joint (lateral 
parapatellar recess) showing BM synovitis (C), and BM synovitis with abnormal PD signals (grade 3) (D).
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severity, but longitudinal studies are needed to examine 
this further.

We found that increasing PD signals were associated 
with the presence of clinical arthritis, but not with the 
composite disease activity score JADAS10. This could be 
because clinical joint examination and ultrasound eval-
uate the precise site of inflammation, while the JADAS 
measures the disease activity more widely and may also 
be affected by confounding factors. Other studies have 
reported poor correlation between ultrasound findings 
and JADAS.7 In this study, we explored associations on 
joint level, if we had investigated on patient level with 
ultrasound sum scores, we might have obtained other 
results. This could be addressed in a future study.

We found a high number of PD findings in the lateral 
parapatellar recess of the knee joint. The highest 
number of BM synovitis without PD findings was found 
in the suprapatellar recess of the knee joint. This may be 
because the parapatellar recess is more superficial than 
the suprapatellar recess and therefore easier to detect 
Doppler signals there. This supports the added value 
of scanning both the suprapatellar and the parapatellar 
recess when evaluating the knee joint with ultrasound in 
children, as has also been suggested by others.21

We did not find BM synovitis, and therefore, no 
abnormal PD signals, in the MCP joints. This was unex-
pected since these joints are superficial and PD findings 
are then often easier to interpret, in addition, the MCP2 
joint is often affected in patients with JIA.6 27 28 This 
could be a random finding in our sample, but the small 
size of the joint, few vessels and slow blood flow velocity 
could have made it difficult to evaluate. However, we did 
find synovitis in the PIP joints which are even smaller. 
The PIP joints were assessed from both the dorsal and 
volar views. The MCP joints were only evaluated from 
the dorsal view. In adults with RA, a dorsal approach is 
recommended over the volar approach to evaluate finger 
joints with ultrasound.29 To our knowledge, this has not 
been investigated in children, and the use of only the 
dorsal or both the dorsal and the volar approaches are 
inconsistent.12 27 28 30 In a clinical setting it can be difficult 
to evaluate several joints from more views because young 
children are often impatient. Larger studies to evaluate 
the different views to include for each joint are needed.

A clear definition of abnormal Doppler signals and 
a scoring system for Doppler findings is important to 
discriminate between physiological and pathological 
vascularisation in children.1 12 Magni- Manzoni et al eval-
uated patients with JIA in remission and found that 
patients with PD findings had less flares than patients 
without PD findings.31 However, most of the PD signals 
were found in the youngest patients and were scored as 
a grade 1 and may have represented normal vascularisa-
tion. In a study evaluating physiological Doppler signals 
in healthy children, most Doppler signals were detected 
in the age group 2–12 years.5 We were concerned that 
physiological Doppler signals in the youngest age groups 
could affect our interpretation of abnormal PD signals. 

However, when performing the ultrasound examinations 
this was not an issue. This could be because the ultraso-
nographer only considered Doppler signals within syno-
vial hypertrophy as pathologic in accordance with the 
preliminary definitions for synovitis in children,12 and 
because a standardised scanning approach and scoring 
system with reference atlas were used during the exam-
inations.14 In this study, most PD findings were seen in 
the age group 9–12 years old, but no significant associa-
tion between PD findings and age was found.

There are some limitations in this study. First, the 
study was cross- sectional. Consequently, we cannot say 
anything about the longitudinal associations between 
PD findings and measures of disease activity, but this 
was outside the scope of this study. Second, we did not 
include healthy controls to investigate BM and PD find-
ings in healthy children. It can, therefore, be difficult 
to conclude with what is a normal finding. However, the 
purpose of this study was to describe PD findings in joint 
regions with BM synovitis on ultrasound in patients with 
JIA, and since Doppler signals must be within synovial 
hypertrophy to be considered as a sign of synovitis, joint 
regions without BM synovitis were excluded. Another 
limitation is that only one rheumatologist performed 
the ultrasound examinations. The ultrasonographer in 
this study has shown moderate to excellent inter- reader 
reliability in a previous ultrasound study.14 In addition, 
it is challenging and not feasible to perform several 
ultrasound examinations in children. Another limita-
tion of this study is the limited number of patients. 
This might explain why we did not detect pathological 
ultrasound findings in the MCP2- 3 joints, and that there 
were few findings in some joints. Since the patients in 
this study were consecutively included from our inpa-
tient and outpatient clinic, we believe that our sample is 
representative of patients with JIA seen in clinical prac-
tice. However, larger studies are needed to explore all 
joints that can be affected in JIA. Finally, we did not use 
other modalities like dynamic contrast- enhanced MRI 
to compare our findings. This should be addressed in a 
future study.

The strengths of this study include the use of the same 
ultrasound machine in all assessments, that the ultra-
sonographer was blinded to clinical findings, and that 
multiple joint regions were evaluated in a live- exercise. 
In addition, the image acquisition protocol and the joint- 
specific scoring system for synovitis with reference atlas 
ensured a standardised examination and scoring in all 
patients.

In conclusion, we found that increasing PD grades 
were significantly associated with higher BM grades and 
with the presence of clinical arthritis, suggesting that PD 
signals detected using a standardised ultrasound exam-
ination and scoring system can reflect active disease in 
patients with JIA. However, further studies are needed 
to understand more about the clinical implications of 
Doppler findings in these patients.
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