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Abstract

Background Juvenile idiopathic inflammatory myopathy is a
rare yet potentially debilitating condition. MRI is used both
for diagnosis and to assess response to treatment. No study has
evaluated the performance of US elastography in the diagno-
sis of this condition in children.

Objective To assess the performance of compression—strain
US elastography in detecting active myositis in children with
clinically confirmed juvenile idiopathic inflammatory myop-
athy and to compare its efficacy to MRI.

Materials and methods Children with juvenile idiopathic in-
flammatory myopathy underwent non-contrast MR imaging
as well as compression—strain US elastography of the quadri-
ceps muscles. Imaging findings from both modalities were
compared to each other as well as to the clinical determination
of active disease based on physical examination and laborato-
ry data. Active myositis on MR was defined as increased
muscle signal on T2-weighted images. Elastography images
were defined as normal or abnormal based on a previously
published numerical scale of muscle elastography in normal
children. Muscle echogenicity was graded as normal or abnor-
mal based on gray-scale sonographic images.

Results Twenty-one studies were conducted in 18 pediatric
patients (15 female, 3 male; age range 3—19 years). Active
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myositis was present on MRI in ten cases. There was a signif-
icant association between abnormal MRI and clinically active
disease (P=0.012). US elastography was abnormal in 4 of 10
cases with abnormal MRI and in 4 of 11 cases with normal
MRI. There was no association between abnormal
elastography and either MRI (P>0.999) or clinically active
disease (P>0.999). Muscle echogenicity was normal in 11
patients; all 11 had normal elastography. Of the ten patients
with increased muscle echogenicity, eight had abnormal
elastography. There was a significant association between
muscle echogenicity and US elastography (P<0.001). The
positive and negative predictive values for elastography in
the determination of active myositis were 75% and 31%, re-
spectively, with a sensitivity of 40% and specificity of 67%.
Conclusion Compression—strain US elastography does not
accurately detect active myositis in children with juvenile id-
iopathic inflammatory myopathy and cannot replace MRI as
the imaging standard for detecting myositis in these children.
The association between abnormal US elastography and in-
creased muscle echogenicity suggests that elastography is ca-
pable of detecting muscle derangement in patients with myo-
sitis; however further studies are required to determine the
clinical significance of these findings.

Keywords Children - Elastography - Magnetic resonance
imaging - Muscle - Myositis - Ultrasound

Introduction

Juvenile idiopathic inflammatory myopathies (JIIM) represent
a heterogeneous group of systemic connective tissue diseases
characterized by chronic muscle inflammation. Juvenile der-
matomyositis (JDM), the most common cause of JIIM, repre-
sents approximately 85% of cases and has an incidence of 3
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per million children per year [1]. JDM is more common in
girls, has a median age of onset of 7.5 years and is character-
ized by a heliotrope rash and Gottron papules. Its prognosis is
variable, with some patients making a complete recovery with
appropriate therapy; however most patients have waxing and
waning chronic disease. Mortality is low for JDM (2-3%).
Less common causes of JIIM in children include myositis
overlapping with another autoimmune disease (“overlap myo-
sitis”), such as systemic lupus erythematosus or scleroderma
(6-12%), and polymyositis (4-8%). Unlike JDM, polymyosi-
tis is characterized by the absence of a rash. Both polymyositis
and overlap myositis have higher mortality rates than JDM
[2]. Prompt diagnosis and treatment of JIIM is crucial.

The diagnosis of JDM is based on the modified criteria of
Bohan and Peter [3—5]. Although these criteria do not include
imaging studies, MRI has been validated as an accurate indi-
cator of muscle edema and active disease [6, 7] and is typically
incorporated into the diagnostic workup of children with
suspected myositis. MRI has also proved useful in assessing
disease activity and therapeutic response in children with an
established diagnosis of JIIM. However, limitations of MRI,
including high cost, long study time, and potential need for
patient sedation, have raised interest in the use of other imag-
ing modalities for the diagnosis and follow-up of children with
JIM.

US strain elastography evaluates tissue deformation or
compressibility from an external force [8, 9]. It has been used
extensively in assessing tendon pathology, based on the de-
tection of alteration in the normal US elastography appearance
of the tendon [10—14]. Recent publications describe the use of
US elastography in assessing muscles of healthy children [15]
and in children with spastic cerebral palsy [16, 17]. However
the potential benefits of US elastography in children with ac-
tive myositis have not been evaluated. Myositis affects the
microvascular endothelium of muscle, resulting in swelling
of vascular endothelium, obliteration of vessel lumena,
perivascular inflammation, and degeneration of muscle fibers,
all of which distort normal muscle architecture [18]. We pos-
tulated that the alteration in normal muscle architecture would
lead to an alteration of muscle elasticity, which would be de-
tectable by US elastography.

We therefore undertook a prospective study to determine
the utility of US elastography in detecting active myositis in
children with clinically confirmed JIIM and to compare its
efficacy with MRI.

Materials and methods

Study population

Between June 2012 and January 2014, children, adolescents
and young adults (ages 2-21 years) with a diagnosis of

probable or definite juvenile dermatomyositis (JDM) (as de-
termined by Bohan and Peter [3—5] criteria), overlap myositis
or polymyositis, were recruited from the pediatric rheumatol-
ogy clinic and were included regardless of their level of dis-
ease activity. After receiving approval from the institutional
review board, one of three board-certified pediatric theuma-
tologists performed a complete evaluation of each patient.
Physical examination included an assessment of muscle
strength using the Childhood Myositis Assessment Scale
(CMAS) [19], and measurement of serum levels of creatine
phosphokinase, lactate dehydrogenase, and alanine aspartate.

Clinical assessment of disease activity

The Pediatric Rheumatology International Trials Organization
(PRINTO), an internationally recognized research network,
has established criteria for determining achievement of inac-
tive disease state in children with juvenile idiopathic inflam-
matory myopathies (JIIM) [20]. For the purpose of this study,
we based clinical disease activity on the modified PRINTO
criteria. Patients were considered clinically inactive if they had
achieved all of the following: (1) normalization of all muscle
enzymes, (2) normal muscle strength (determined by CMAS
>48) and (3) physician global assessment of disease activity
<0.2 (on a 0.0-10.0-cm visual analog scale) [21, 22]. Patients
who did not meet these criteria were determined to have on-
going clinically active disease. Imaging findings did not con-
tribute to determination of clinical disease activity. Patients
with systemic lupus erythematosus underwent additional lab-
oratory studies, including C3, C4 and anti-double-stranded
deoxyribonucleic acid (DNA) antibodies. We also collected
information regarding disease duration.

Imaging assessment

All subjects underwent MR imaging of the pelvis and upper
thighs within 2 weeks of their clinical evaluation. Imaging
was performed using 3-T units (Philips Healthcare, Andover,
MA) or 1.5-T units (GE Healthcare, Waukesha, WI) with a
long torso coil. Axial T1-weighted, axial fat-saturated T2-
weighted, and coronal short tau inversion recovery (STIR)
sequences were obtained.

Immediately following MRI, patients underwent compres-
sion—strain US elastography of the quadriceps muscles. All
studies were performed by the same sonographer, with 3 years
of US elastography experience. Imaging was performed using
an iU22 machine equipped with compression—strain
elastography (Philips Healthcare, Bothell, WA). The proximal
third of the quadriceps muscle was scanned in the long axis
using an L12-5 linear-array transducer with the transducer
positioned anteriorly over the thigh along the plane of a line
between the patella and hip. Patients were scanned in the
supine position with the legs in extension. Manual
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compression of the tissues using the US transducer was per-
formed to obtain the elastography image. A real-time com-
pression feedback bar on the US display ensured that adequate
manual compression was applied. A color map representing
tissue elasticity was superimposed on the gray-scale sono-
graphic image, with red indicating the most elastic tissues,
green indicating tissues with intermediate elasticity, and blue
indicating the least elastic tissues.

Imaging assessment of disease activity

MRI and US elastography images were evaluated by two ra-
diologists in consensus. Radiologists were blinded to the re-
sults of the other imaging modality as well as to clinical dis-
ease activity. MRI was defined as positive for active myositis
if edema was present in the quadriceps muscles on fluid-
sensitive sequences, while the absence of quadriceps muscle
edema on MRI was defined as inactive myositis. The presence
of muscle atrophy was evaluated and defined as fatty infiltra-
tion of muscle on the T1-weighted sequence.

The echogenicity of the interrogated quadriceps muscle
was assessed on gray-scale sonographic images. Muscle
echogenicity was considered normal if it was less than or
equal to the echogenicity of the subcutaneous fat; it was con-
sidered abnormal if the muscle echogenicity was greater than
that of the subcutaneous fat.

To evaluate quadriceps muscle elasticity, the color pattern
of the quadriceps muscles was assessed. Elasticity was
assessed based on a comparison with previously published
findings of muscle elasticity in a cohort of normal children
of similar age and gender [15]. Muscle elasticity was defined
as normal if the dominant color in the muscle was green, with
small amounts of either red or blue interspersed within the
muscle. The presence of greater than 50% red or blue in the
muscle was defined as abnormal.

Statistics

Statistical analysis was conducted using STATA software, ver-
sion 11.2 (College Station, TX). Descriptive statistics were
computed to summarize each variable, using mean and stan-
dard deviations for normally distributed continuous variables,
median and interquartile ranges (IQR) for non-normally dis-
tributed continuous variables, and frequencies for categorical
variables. All tests were two-sided and P-values less than 0.05
were considered statistically significant. Association with im-
aging modalities was assessed by bivariate analyses using
Pearson chi-square for categorical variables and Student’s -
test for continuous variables. In cases of non-normally distrib-
uted data, Fisher exact and Wilcoxon rank sum tests were
performed. We calculated the sensitivity, specificity and pos-
itive and negative predictive values for assessment of active
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disease by MRI and US elastography using physician global
assessment of disease activity as the gold standard.

Results
Patient characteristics (Table 1)

Eighteen subjects with JIIM (15 female and 3 male, age range
3-19 years) were recruited, including 15 with JDM, 2 with
systemic lupus erythematosus overlap myositis and 1 with
polymyositis.

Comparison of imaging modalities with clinical disease
activity (Table 2)

Twenty-one studies were performed in 18 patients (three
patients had two sets of imaging studies over the course
of the study period because of disease flare). Clinically
active disease was present in 15 studies (71%) at the time
of imaging.

Active myositis was present on MRI in 10 cases, while
normal muscle signal on MRI was present in 11 cases. No
cases demonstrated muscle atrophy. There was a signifi-
cant association between abnormal MRI and physician
global assessment of disease activity (P=0.012), with a
trend toward a significant association with CMAS score
(P=0.066). Although patients with abnormal MRI findings
appeared to have a shorter disease duration (21 months;
IQR 6, 50) compared to those with normal MRI findings
(38 months; IQR 11, 48), there was no statistically signif-
icant association between MRI findings and disease dura-
tion (P=0.724).

Muscle echogenicity on gray-scale US was normal in 11
patients and abnormally echogenic in ten patients. There was

Table 1  Patient demographics
Total number enrolled 18
Total number of studies 21
Age in years (mean, SD, range) 10.9+4.6, 3-19
Female gender 15 (83%)
Diagnosis:
DM 15 (83%)
SLE overlap 2 (11%)
Polymyositis 1 (6%)
Disease duration in months (median, IQR) 24 (11, 48)

Active disease state” 15 (71.4%)
16 (76.1%)

15 (71.4%)

Muscle weakness present”

Abnormal muscle enzymes®

? Percentages reflect proportion of total studies, not total subjects

1OR interquartile range (25th and 75th quartiles), JDM juvenile dermato-
myositis, SD standard deviation, SLE systemic lupus erythematosus



Pediatr Radiol (2015) 45:1522-1528 1525
Table 2 Imaging results vs.
clinical disease activity Abnormal MRI Normal MRI P-value
Active disease 10 5
0.012
Inactive disease 0 6
Abnormal CMAS 8 4 0.066
Disease duration in months (median, IQR) 21 (6, 50) 38 (11, 48) 0.724
Abnormal elastography Normal elastography P-value
Active disease 6 9
>0.99
Inactive disease 2 4
Abnormal CMAS 5 8 0.69
Disease duration in months (median, IQR) 31 (6, 49) 20 (12, 48) 0.942

CMAS Childhood Myositis Assessment Scale, /OR interquartile range (25th and 75th quartiles)

no significant association between muscle echogenicity and
physician global assessment of disease activity (P=0.635) or
disease duration (P=0.438).

US elastography did not correlate with either clinical dis-
ease activity as determined by physician global assessment of
disease activity (P>0.999) or CMAS score (P=0.686). Al-
though abnormal appearance on US elastography was more
common in children with longer disease duration (31 months,
[IQR 6, 49], compared to 20 months [IQR 12, 48] for patients
with normal US elastography appearance) this was also not
statistically significant (P=0.942).

Association between magnetic resonance imaging
and ultrasound elastography (Table 3)

Using US elastography, decreased quadriceps muscle elas-
ticity was present in 4 of the 10 (40%) cases in which muscle
edema was present on MRI (Fig. 1), and in 4 of the 11 (36.4%)
cases in which muscle signal intensity was normal on MRI
(Fig. 2). In the remainder of cases, US elastography was nor-
mal (Fig. 3). No patient demonstrated increased muscle elas-
ticity. There was no association between abnormal appearance
on US elastography and muscle edema detected on MRI
(P>0.999).

Table 3 MRI vs. ultrasound elastrography

Abnormal Normal P-value
elastography elastography
Abnormal MRI* 4 6
>0.99
Normal MRI 4 7
Abnormal echotexture 8 2
<0.0001
Normal echotexture 0 11

#Muscle edema present, indicating active myositis

Association between muscle echogenicity and ultrasound
elastography

All 11 patients with normal muscle echogenicity had normal
US elastography of the muscle, while eight of the ten patients
with increased muscle echogenicity had abnormal US
elastography appearance of the muscle. There was a highly
significant association between muscle echogenicity and US
elastography findings (P<0.001).

Ultrasound elastography sensitivity and specificity

Using physician global assessment of disease activity as the
gold standard for the assessment of active myositis, US
elastography had a sensitivity and specificity of 40% and
67%, respectively. In contrast, MRI had improved sensitivity
of 67% and specificity of 100%. The positive and negative
predictive values for US elastography in the detection of myo-
sitis were 75% and 31%, respectively. When using MRI, pos-
itive and negative predictive values were 100% and 55%,
respectively.

Discussion

Juvenile idiopathic inflammatory myopathy (JIIM) is a poten-
tially debilitating and progressive condition that typically pre-
sents during the first decade of life. Since the 1970s the intro-
duction of corticosteroids as the mainstay of treatment has led
to significant improvement in functional outcomes and mor-
tality. Despite the vastly improved prognosis, complications
can be severe, and adequate assessment of disease activity is
crucial. MRI has become an integral component in the diag-
nosis and monitoring of disease status in children with inflam-
matory myositis and provides a noninvasive method to assess
muscle edema (active disease) [6, 7, 23, 24]. However, young
children often have difficulty tolerating the exam without
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Fig. 1 Abnormal US elastography, abnormal MRI. Imaging in a 7-year-
old girl with clinically active juvenile dermatomyositis. a Coronal short
tau inversion recovery (STIR) MR image (echo time [TE] 33 ms,
repetition time [TR] 2,750 ms) demonstrates patchy areas of muscle
edema consistent with myositis. b Longitudinal gray-scale US image of

the left quadriceps muscle (leff) with superimposed color elastogram
(right) demonstrates predominantly blue color in the muscle, consistent
with abnormal elastography appearance. Note the feedback compression
bar on the bottom right, with the presence of green in this bar indicating
that adequate compression has been applied

Fig. 2 Abnormal US elastography, normal MRI. Imaging in an 11-year-
old girl with clinically inactive juvenile dermatomyositis. a Coronal STIR
image (TR/TE 2,017/46 ms) demonstrates no muscle edema. b
Longitudinal gray-scale US image of the left quadriceps muscle (leff)

FR 15Hz

with superimposed color elastogram (right) demonstrates predominantly
blue color in the muscle, consistent with abnormal elastography
appearance. STIR short tau inversion recovery, TE echo time, TR
repetition time

Fig. 3 Normal elastography, abnormal MRI. Imaging in an 11-year-old
girl with clinically active juvenile dermatomyositis. a Coronal STIR
image (TR/TE 3,367/45 ms) demonstrates patchy areas of muscle
edema consistent with myositis. b Longitudinal gray-scale US image of
the left quadriceps muscle (leff) with superimposed color elastogram

@ Springer

(right) demonstrates predominantly green color in the muscle, with
scattered areas of red and blue, consistent with the appearance of
normal muscle. ST/R short tau inversion recovery, TE echo time, 7R
repetition time
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sedation, which has generated interest in the validation of
other imaging techniques for the diagnosis and long-term as-
sessment of myositis.

US elastography has proved useful in the evaluation of a
variety of musculoskeletal conditions, ranging from tendon
pathology [10—14] to muscle spasticity in children [16, 17].
It combines the portability, low cost and short study time of
sonography with the ability to assess tissue elasticity. Valida-
tion of this technique for the assessment of myositis in chil-
dren could allow this imaging modality to replace or at least
complement MRI in the diagnosis and follow-up of this
condition.

One study has evaluated the efficacy of US elastography in
detecting active myositis. In a study of 24 adults with poly-
myositis and dermatomyositis and active myositis (age range
24-67 years, mean 54.8 years), Botar-Jid et al. [25] reported
decreased US elasticity of the muscles of the arms and legs in
a majority of their subjects. In contrast, our study in children
demonstrates that US elastography performs poorly when
used to assess for active myositis in this population. Although
adult and juvenile dermatomyositis share certain features,
such as skin rash and muscle inflammation, there are signifi-
cant differences in the clinical manifestation of these diseases
between these populations, suggesting that they may represent
distinct entities [26]. This may explain our differing results
from those obtained by Botar-Jid et al. [25]. Additionally,
the longer disease duration in most adults with dermatomyo-
sitis may contribute to the divergent findings.

Subjects with active myositis detected on MR imaging ex-
hibited both normal muscle elasticity as well as decreased
muscle elasticity on US elastography, while subjects with nor-
mal MR imaging and no evidence of active myositis also
demonstrated both normal and decreased muscle elasticity.
US elastography demonstrated poor sensitivity and specificity
in diagnosing active myositis when compared with physician
assessment of disease activity, as well as poor positive and
negative predictive values for the detection of active disease.
Abnormal MRI findings were significantly associated with
overall clinically active disease in this study, as shown in prior
reports demonstrating the utility of MRI in the evaluation of
JIIM [6, 7, 23, 24]; however this was not true of US
elastography:.

Although one might expect a change in normal elasticity of
the muscle in the presence of myositis, our data suggest oth-
erwise. The pathological changes that occur in myositis on the
microscopic level — including swelling of vascular endothe-
lium, obliteration of vessel lumena, perivascular inflamma-
tion, and degeneration of muscle fibers [18] — did not result
in an observable difference in muscle elasticity as determined
by US elastography. Technical or mechanical factors in cur-
rent US elastography systems may limit the sensitivity of this
modality in the detection of small changes in muscle elasticity.
Additionally, unlike MRI, US elastography can only

interrogate a relatively small area. This may also limit the
sensitivity of US elastography because affected areas of mus-
cle inflammation may not be uniformly distributed in the mus-
cle. The areas of signal abnormality seen on MRI in patients
with active disease correspond to areas of muscle edema.
Thus, abnormalities are best detected on fluid-sensitive se-
quences. US elastography may not be able to detect small
changes in fluid related to muscle inflammation. It is still
unclear whether US elastography might help in the detection
of changes in muscle architecture and content that occur with
long-standing disease.

Increased muscle echogenicity is often seen in diseased
muscle and may reflect muscle edema in the acute phase of
disease [27] and fibrosis [28] or fatty replacement in chronic
disease [29]. We found no association between abnormal mus-
cle echogenicity and disease duration in our study. However,
our study does demonstrate a significant association between
abnormal muscle echogenicity and abnormal muscle US
elastography. This suggests that US elastography may be use-
ful in the detection of derangement of muscle structure in
patients with myositis. Further work correlating US
elastography and gray-scale sonography with muscle biopsy
results might elucidate the significance of these findings.

Limitations of this study include a small sample size; how-
ever, given the rarity of JIIM the inclusion of 18 patients in a
short study period is notable. Additionally, although uncom-
mon in current practices, the results from this study would
have been enhanced by comparison with muscle biopsy spec-
imens. There are also a number of limitations associated with
US elastography. These include lack of standardization of the
degree of manual compression applied to produce the
elastography image, which leads to an inherent limitation in
the reproducibility of compression—strain US elastography.
Additionally, US elastography was performed in one anatom-
ical location, and therefore could only assess disease activity
in a small subset of the muscle. However, patients with JDM
often have heterogeneous areas of affected muscle, and there-
fore it is possible that the area of muscle interrogated on the
US elastography studies was not an area of active disease.
Similarly, although the proximal third of the quadriceps mus-
cle was interrogated, standardization of the exact imaging lo-
cation among patients was not possible. Finally, the qualitative
assessment of the US elastography images includes some sub-
jectivity in interpretation.

Although we found that compression—strain elastography
does not accurately detect active myositis in children, it is
possible that other elastography techniques, including shear-
wave elastography and MR elastography, may be useful in the
assessment of this condition. Of note, a single study of nine
patients with idiopathic inflammatory myopathy demonstrat-
ed a role for MR elastography in the detection of active myo-
sitis [30]. Future studies utilizing shear-wave elastography
and MR elastography could demonstrate a role for
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elastography in the assessment of active myositis in children
with JIIM.

Conclusion

Compression—strain US elastography performs poorly in de-
tecting active myositis. Although it is a promising technique,
atpresent US elastography cannot replace MRI as the imaging
standard for detecting myositis in children with juvenile idio-
pathic inflammatory myopathy. The association between ab-
normal US elastography and increased muscle echogenicity
suggests that elastography can be used in the detection of
derangement of muscles in patients with JIIM; however fur-
ther studies are required to determine the clinical significance
of these findings.
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