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Ultrasonography vs. clinical examination in children with 
suspected arthritis. 

Does it make sense to use poliarticular ultrasonographic screening?
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Abstract
Background

Juvenile idiopathic arthritis (JIA) is a term that encompasses all forms of arthritis that begin before the age of 16 years old, 
persist for more than 6 weeks and are of unknown cause. The ILAR criteria for JIA classification are based on the number 
of joints involved. The aim of our study was to compare clinical evaluation and ultrasonography (US) in the assessment of 

joint synovitis in children with suspected JIA.

Patients and methods
We enrolled in our study all children who presented at our outpatient clinic of Paediatric Rheumatology with suspected 

JIA. All the children underwent a clinical examination for joint swelling (40 joints), a tender joint count (42 joints) and US 
examination (42 joints) on the same day. They all returned to the clinic after approximately 2 weeks with the results 

of the tests prescribed at the first visit and a diagnosis was formulated.

Results
Thirty-one children were enrolled. More synovitis was identified by US than by than clinical examination (42 joints vs. 27). 

Clinical examination classified as swollen 13 joints that did not result affected at US. Of the 94 painful joints, 24 were 
affected by synovitis at US. The final diagnoses were: 9 children with JIA (any form), 9 were classified as healthy and 13 

with other diseases. One child was reclassified and 2 were diagnosed with JIA thanks to US.

Conclusions
US detected more synovitis than clinical examination in children with suspected JIA, therefore, US should be included in 

the screening procedure of children with suspected JIA.
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Introduction
Juvenile idiopathic arthritis (JIA) is a 
term that encompasses all forms of ar-
thritis that begin before the age of 16 
years, persist for more than 6 weeks and 
are of unknown cause. JIA is the most 
common chronic rheumatic disease in 
children, with a prevalence that varies 
between 16 and 150 per 100,000 in de-
veloped countries (1). The most widely 
used classification for JIA is that of the 
International League of Associations 
for Rheumatology (ILAR) (2). This 
classification recognizes seven disease 
categories, principally based on clinical 
findings such as the number of joints 
involved and enthesis involvement. 
Recently Magni-Manzoni et al. (3) and 
Haslam KE et al. (4) have demonstrat-
ed that subclinical synovitis is common 
in children and may therefore lead to 
erroneous classification of the disease, 
with important clinical and therapeutic 
implications. 
The aim of our study was to compare 
clinical evaluation and ultrasonogra-
phy in the assessment of joint synovitis 
in children with suspected JIA, who 
presented at our Paediatric Rheumatol-
ogy outpatient clinic due to pain in one 
or more joints for more than 2 weeks.

Patients and methods
We evaluated for possible enrollment in 
our study all consecutive children who 
presented at our Paediatric Rheuma-
tology outpatient clinic between June 
and December  2009, who had been 
referred by their family paediatrician 
due to suspected JIA. The criteria for 
enrollment were the presence of pain 
in one or more joints, with or without 
swelling, persisting for more than 2 
weeks, as evaluated by the rheumatolo-
gist at the time of the initial visit. In-
formed consent was obtained from all 
the patients’ parents or guardians, as 
appropriate. 
At the time of the initial visit all the 
patients’ personal details, the duration 
of symptoms and a brief family history 
were recorded. Clinical evaluation was 
performed by a rheumatologist with 7 
years’ experience in clinical rheumatol-
ogy. A total of 40 joints were assessed 
for swelling and 42 for tenderness/pain 
on motion (10 metacarpophalangeal 

(MCP), 10 proximal interphalangeal 
joints of the hands (PIP), 2 wrists, 2 el-
bows, 2 shoulders, 2 hips – pain only 
assessment – 2 knees, 2 ankles, 10 met-
atarsophalangeal (MTP) joints). To de-
fine swelling and pain in the children’s 
joints we used a standard technique 
as described previously (5), but with 
a dichotomous score (grades 1-2-3 of 
swelling/pain were classified as present, 
grade 0 as absent) in order to facilitate 
joint classification and reduce the total 
examination time and children’s dis-
comfort. We included shoulders and 
hips in the clinical examination in order 
to provide an idea of effective sensitiv-
ity and specificity of the clinical exami-
nation of these joints in children with 
recent onset of symptoms. 
Ultrasonographic examination was per-
formed immediately after the clinical 
examination, on the same day as the 
first visit, by a rheumatologist with 8 
years’ experience in musculoskeletal 
US. The same 42 joints were assessed 
for the presence of synovitis, effusion 
and power Doppler (PD) signal. US 
examination was performed using an 
Esaote Technos MP and Esaote Mylab 
70XVG ultrasound systems (Esaote 
SpA, Genoa, Italy) equipped with mul-
ti-frequency probes from 8 to 18Mhz. 
Synovitis was defined as hypoechoic 
or hyperechoic tissue in the joint cav-
ity that was not compressible with the 
probe. Joint effusion was defined as 
hypo/anechoic material in the joint 
space that was easily compressible with 
the probe. The PD signal was considered 
positive in the presence of spots within 
the joint space. Effusion and synovitis 
were graded using a semi-quantitative 
score: grade 0=absent, grade 1=mild, 
grade 2=moderate, grade 3=severe. 
Grading was performed following glo-
bal evaluation of the joint with longi-
tudinal, coronal and transverse scans 
rather than a single standard scan. In a 
recent paper Collado et al. (6) suggest 
that a small amount of liquid could be 
found in the palmar  aspect of MCP and 
in the knee joints in healthy children; 
for this reason we decided to evaluate 
only the dorsal aspect of the MCPs and 
to consider as not pathological a mini-
mal amount of liquid in the knees. 
The clinician and ultrasonographer 
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were blinded to each others’ findings 
at the time of the evaluations. After the 
first visit, the children returned after 
2–4 weeks (time 2, t2) with the results 
of all tests prescribed by the pediatric 
rheumatologist at the time of the first 
visit. On this occasion, the clinician 
retrieved the ultrasonographic findings 
and formulated the diagnosis.

Results
We enrolled in our study 31 children (16 
boys and 15 girls) with mean age of 8 
years (standard deviation, SD±3.7). The 
final diagnoses at t2 were 6 children 
with extended oligoarthritis, 1 child with 
rheumatoid factor negative polyarthri-
tis, 1 child with psoriatic arthritis, 2 with 
connective tissue disease, 3 with tran-
sient synovitis of the hip, 1 with post-
infectious arthritis, 1 with rheumatic 
fever, 1 with Osgood-Schlatter disease, 
1 with post-traumatic patellar bursitis, 1 
with patellar instability, 1 with diffuse 
articular pain in the course of a viral in-
fection, 2 with urticaria, 1 with enthesi-
tis related arthritis, and 9 children were 
classified as healthy (Fig. 1).   
At clinical examination, of the total of 
1240 joints assessed for effusion/syno-
vitis and 1302 for pain, 27 (2.2%) and 
94 (7.2%) were found positive, respec-
tively. At US examination 42 joints out 
of 1302 (3.22%) were found positive 
for synovitis and/or effusion. Of the 
27 joints clinically assessed as swollen 
only 14 (51.8%) had synovitis at US, 
and of the 94 joints classified as painful 
24 (25%) had synovitis at US. Finally 
of the 1195 joints that were negative at 
clinical examination, 12 revealed syno-
vitis on US (Fig. 2). 
Considering the final diagnosis, clini-
cal examination demonstrated a higher 
sensitivity in children with transient 
synovitis of the hip, where all hips clas-
sified as affected presented effusion on 
US examination. On the other hand, in 
the nine cases in which no pathology 
was found, clinical examination re-
vealed 19 tender joints (5% of the total) 
and 4 swollen joints (1.5% of the to-
tal), whereas US examination revealed 
no effusion or synovitis in any joint. In 
the 9 cases of JIA (any form) clinical 
examination revealed 12 swollen joints 
(3.7% of the total) and 47 tender joints 

Fig. 1. Diagnoses made at t2.

Fig. 2. Prevalence of US joint involvement in asymptomatic joints, painful joints and swollen joints 
according to clinical examination.

Fig. 3. Prevalence of swollen, painful and US involved joints according to final diagnosis.

JIA any form
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(12% of the total), while US examina-
tion revealed 25 affected joints in these 
children (7% of the total). Of these 25 
joints identified as affected at US, 12 
were classified as swollen at clinical 
examination (48%) and 18 were clas-
sified as tender (72%). In the two cases 
of children with urticaria we found a 
high degree of false positive joints (7 
swollen and 12 tender joints) at clini-
cal examination, due to the presence of 
skin oedema (Fig. 3). 
If we divide the children into three 
groups by age (0–5, 6–10, 11 or more 
years old) we find that clinical exami-
nation demonstrated similar sensitiv-
ity in identifying swollen joints in all 
groups (31%, 28% and 36% respec-
tively). Furthermore, the tender joint 
count identified active joints in 54%, 
19% and 28% of the three groups. Even 
if we eliminate from this analysis the 
cases in which pain was justified by 
disorders of mechanical origin (patel-
lar instability, Osgood-Schlatter and 
prepatellar bursitis), there is no signifi-
cant change in the final results (54%, 
20% and 29%). 
Finally, in the joint-based analysis we 
found that clinical examination was 
more accurate in identifying joint ef-
fusion in knees (7/10, 70%) and less 
sensitive in the small joints of the feet 
and hands (2/10, 20%) and elbows (1/6, 
16%) (Fig. 4). Moreover, the swol-
len joints were frequently not painful 
and/or did not present reduction of the 
range of motion (43%).  
In almost all cases in which clinical ex-
amination failed to reveal joint effusion 
(Fig. 5), US examination revealed grade 
1 effusion and/or synovitis. In one case 

there was grade 2 effusion of the elbow 
and grade 2 synovitis of a wrist but with 
grade 1 effusion. US determined a re-
classification of arthritis in one case and 
was the determining factor for the diag-
nosis of two cases of JIA. 
The average time for the execution of 
US was about 1 hour for younger and 
restless children and about 30–40 min-
utes for older and collaborating ones. 

Discussion
US has gained an important position in 
rheumatologists’ clinical practice. This 
is due to its intrinsic characteristics, 
such as low costs, rapidity, lack of ra-
diation. It has also been demonstrated 
that US can easily identify a large se-
ries of joint and peri-articular disorders 
of inflammatory or mechanical origin 
(7). In adult patients, US can identify 
joint synovitis with a sensitivity similar 
to that of MRI (8-10) and is superior 

to clinical examination as it can detect 
subclinical synovitis in patients with 
rheumatoid and early arthritis (11, 12).
For these reasons, US could be a valu-
able tool in the assessment of JIA, as it 
is the only examination that can offer a 
significant amount of information on a 
large number of  joints in a relatively 
short time and with minimal discom-
fort of the patient. In fact, the first stud-
ies on the utility of US in the assess-
ment of joint involvement in JIA have 
recently been published (3, 4). In these 
studies US has demonstrated a greater 
sensitivity in identifying joint synovitis 
than clinical examination alone. This is 
of major importance, as clinical clas-
sification and therapeutic strategy in 
JIA are guided by the number of joints 
involved (1). In both studies, US ex-
amination was carried out in children 
with a clinically established diagnosis 
of JIA. 

Fig. 4. Prevalence of joint effusion according to clinical examination and US at various sites. Shoulders 
were negative either at clinical exam or US and have been omitted. Hips were evaluated only for ten-
derness at clinical exam.

Fig. 5. The most common pitfalls of clinical examination found in our series of patients. Panel A: severe subcutaneous oedema of the hand in a child with 
urticaria, Panel B: a grade 1 effusion in a metacarpal-phalangeal joint Panel C: tenosynovitis of the extensor rdialis tendons at the wrist. Arrowhead: MCP 
joint, t: tendons, asterisk: effusion, e: subcutaneous oedema, s: synovial proliferation in the tendon’s sheath during tenosynovitis.
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To our knowledge, this study is the first 
in which US was performed in children 
with suspected JIA, in a context similar 
to an “early arthritis clinic” for adults. 
Our aim was to investigate the utility 
of US in such a context by comparing 
US findings and clinical examination 
in the classification of children with 
suspected JIA.
In this study, US detected more af-
fected joints than clinical examination 
(42 vs. 27 joints). This result is similar 
to that reported by other authors (3, 4). 
Of the 31 children enrolled, only 9 re-
ceived a final diagnosis of any form of 
JIA (29%). US was valuable in distin-
guishing false positive joints, as veri-
fied in the cases of urticaria or prepa-
tellar bursitis, thus permitting a correct 
diagnosis. This is in accordance with 
the results of Magni-Manzoni et al. and 
Haslam et al., in whose studies 23 and 
6 joints, respectively, were classified 
as affected by clinical examination but 
were normal at US. In our study, 2 more 
children could have been classified as 
affected by arthritis in the absence of 
US. On the other hand, in some cases 
of our cohort of children, US revealed 
synovitis in joints that resulted unaf-
fected at clinical examination. By US 
two children were diagnosed as affect-
ed by arthritis and 1 child was reclassi-
fied as having the polyarticular form. 
If we consider the age of the children, 
we found no significant differences of 
the capacity of clinical examination to 
detect joint synovitis. To our knowl-
edge, this is the first controlled US 

analysis. Magni-Manzoni et al. report 
that age did not affect the correlation 
between their clinical and US findings, 
but do not show this data in the paper. 
It would be reasonable to assume that 
clinical examination of small children 
may be more challenging because of 
the dimensions of the joints and the 
patients’ willingness to collaborate. 
Nonetheless, clinical examination 
demonstrated similar sensitivity to US 
in evaluating joint swelling in all age 
groups (0–5, 6–10, above 11 yrs). Con-
sidering tender joints, clinical exami-
nation was more accurate in younger 
children (<5 yrs), in whom 54% of the 
joints classified as active by palpation 
and range of motion were actually af-
fected by synovitis at US. This percent-
age decreased in older children (19% 
and 28%). The absolute number of ten-
der joints could be the reason for this 
discrepancy, as we found only 11 ten-
der joints in younger children (<5 yrs), 
versus 21 joints in the 6–10 group and 
50 joints in the older group (exclud-
ing the 2 children with urticaria and 
oedema of the hands that was referred 
as pain in the underlying joints).
Regarding individual joints, clinical 
examination demonstrated poor sensi-
tivity in assessing the small joints of 
the hands and feet (20%) and elbows. It 
has already been shown that the small 
joints of the hands are those in which 
there are more clinical discrepancies 
between observers (13). Magni-Man-
zoni et al. (3) also reported that sub-
clinical synovitis was more common 

in hands and wrists in their cohort of 
patients. Similar results were also re-
ported by Haslam et al. (4). In another 
study (14), where US and clinical ex-
amination were performed only at MCP 
joints of children with established JIA, 
the authors report a significant associa-
tion between the grade of clinical se-
verity and the presence of abnormali-
ties on US. However, in this study the 
authors evaluated five US parameters 
(erosions, cartilage thinning, joint syn-
ovitis and effusion, tenosynovitis) and 
four clinical parameters (tenderness, 
pain on motion, swelling and limitation 
of motion) performing a global statis-
tical analysis among all these param-
eters. Nevertheless, they also report 
a high prevalence of abnormalities in 
US in clinically normal joints (22/89) 
and a low Kappa agreement (0,1) be-
tween the two methods if we consider 
a dichotomous score at clinical exami-
nation (normal/abnormal). The knee 
was the joint with the highest clinical 
examination sensitivity in our patients 
(70%). This percentage is similar to 
those of the other 2 studies mentioned 
above, but it is still lower than sensi-
tivity of clinical examination of the 
knee in adult patients with rheumatoid 
arthritis (93%) as demonstrated in a re-
cent study by Riente et al. (15). In a 
study performed by Kakaty et al. (16) 
comparing clinical examination and 
US assessment of the knee in children 
with juvenile rheumatoid arthritis, the 
authors found a low sensitivity and a 
high specificity of clinical examination 
(42% and 86% respectively, calculated 
from the data reported in the paper) but 
they used a composite index to define 
“active joint”. This index included the 
presence of pain (score 0.1), swelling 
(score 0.4) and functional impairment 
(score 0–4). Patients with mean score 
>1 were classified as active knee in-
volvement. That means that patients 
with only slight effusion (score 1) were 
classified as inactive and this could ex-
plain the high specificity and the dis-
crepancy with our data. Hip joint ten-
derness demonstrated a high correla-
tion with US joint effusion, particularly 
in the cases of mono-articular involve-
ment, such as transient hip synovitis 
(3/3). Considering the hip globally, in 

Fig. 6. Power Doppler positive signal in a MCP joint of a healthy child. This finding is relatively fre-
quent in MCPs of healthy younger children, adjacent to the growth plate, probably due to the presence 
of nutrition vessels.
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all forms of arthritis, we found that 
clinical examination (intended as ten-
derness/pain on motion) had a sensitiv-
ity of 83% and a specificity of 100% in 
detecting hip involvement.
In our study we preferred not to report 
PD findings as it is not yet clear the 
vascular pattern of the joints in chil-
dren. Based on personal experience, in 
unpublished data of other experienced 
ultrasonographers, and in the data re-
ported by Karmazyn et al. (14), PD sig-
nal could be found in joints of healthy 
children, especially the younger ones, 
due to the presence of nutrition ves-
sels (Fig. 5). It has also been demon-
strated that PD signal could be found 
in wrists and MCPs of healthy adults 
(17). On the other hand, Collado et al. 
(6) report that no abnormal PD signal 
was found in joints of healthy children. 
In the study of Magni-Manzoni (3), PD 
signal is considered as one of the three 
features used to classify a joint as ac-
tive so no separate data are provided in 
the paper for the presence of PD alone 
and the interpretation of the sonogra-
pher in that case. Haslam et  al. (4) did 
not evaluate this aspect in their work.
In fact a large control group could be 
useful to address this and other issues, 
but healthy volunteers of this age are 
really difficult to recruit. Another limi-
tation of our study is the lack of vali-
dation of the US findings with other 
techniques such as MRI, which would 
be very hard to achieve as MRI cannot 
acquire images of such a large number 
of joints in a reasonable time. Further-
more, general anesthesia is necessary 
to perform MRI on younger patients. 
In summary, US demonstrated a higher 

sensitivity than clinical examination in 
identifying joint synovitis in children. 
This was particularly true for the small 
joints of the hands and feet. Further-
more, in our series of children, US was 
a determining factor for the correct di-
agnosis and classification of 3 children 
with JIA and was useful in identifying 
extra-articular causes of tissue swell-
ing that mimicked joint effusion. We 
believe that US should be performed in 
all children with suspected JIA, as the 
number of joints involved is crucial for 
correct classification and an appropri-
ate treatment strategy.
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