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Abstract

Background Juvenile Dermatomyositis (JDM) is the most common idiopathic inflammatory myopathy in children.
Imaging exams are useful for muscle assessment, with ultrasonography (US) being a promising tool in detecting
disease activity and tissue damage. There are few studies about muscle elastography.

Objectives Our aim was to associate clinical, laboratory, and nailfold capillaroscopy (NC) assessments with US in JDM
patients; and to compare the findings of US and Strain Elastography (SE) from patients and healthy controls.

Methods An analytic cross-sectional study was performed with JDM patients and healthy controls. Patients
underwent clinical exam to access muscle strength and completed questionnaires about global assessment of the
disease and functional capacity. Patients were submitted to NC and measurement of muscle enzymes. All subjects
underwent US assessment, using gray scale, Power Doppler (PD), and SE.

Results Twenty-two JDM patients and fourteen controls, aged between 5 and 21 years, matched for age and sex
were assessed. In qualitative and semi-quantitative gray scale, we observed a higher frequency of alterations in
patients (p<0.001), while in PD, there was a higher frequency of positivity in patients’ deltoids and anterior tibialis
(p<0.001). Active disease was associated with an important change in the semi-quantitative gray scale in deltoids
(p=0.007), biceps brachii (p=0.001) and quadriceps femoris (p=0.005). The SE demonstrated a high negative
predictive value of 87.2.

Conclusion US was able, through gray scale, to differentiate JDM patients from controls, while PD achieved such
differentiation only for deltoids and anterior tibialis. The semi-quantitative gray scale showed disease activity in
proximal muscles. SE was not able to differentiate patients from controls.
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Introduction

Juvenile Dermatomyositis (JDM) is the most prevalent
form of Idiopathic Inflammatory Myopathies (IIM) in
pediatrics, comprising up to 85% of cases [1-5]. While
Bohan & Peter criteria are commonly used for JDM diag-
nosis, new ACR (American College of Rheumatology)/
EULAR (European League Against Rheumatism) criteria
were validated in 2017 [6—8]. However, measuring mus-
cle enzymes may have limitations in evaluating disease
activity in clinical practice [9].Electromyography (EMG)
and muscle biopsy are important tools for the diagnosis
of JDM, although they are not mandatory [8]. Indeed,
due to the challenges of EMG and muscle biopsy, addi-
tional less invasive tools are necessary for diagnosis and
assessing disease activity. Nailfold capillaroscopy (NC)
is often altered at diagnosis, reflecting periungueal vas-
culopathy [2, 4, 10, 11]. Imaging assessments like Mag-
netic Resonance Imaging (MRI) and Ultrasonography
(US) provide more objective muscle assessment, with
MRI being capable of distinguishing active from inac-
tive disease [2, 5, 9, 12]. Nevertheless, MRI is expensive,
less accessible, and difficult to perform in children [2, 9,
13].US is a cost-effective and accessible tool for assess-
ing myositis, particularly in pediatric populations [2, 9,
12, 14]. It can incorporate elastography, which can detect
increased muscle stiffness similar to MRI findings in IIM
[15]. However, for active myositis detection in children,
elastography may not be as satisfactory, although it cor-
relates with abnormal muscle echogenicity seen in US
[16].

The study aimed to link clinical assessment (using
validated tools), laboratory tests, NC, and US findings
in JDM patients. Additionally, the study compared the
US and SE results between JDM patients and healthy
controls.

METHODS
This was an analytic cross-sectional study.

Patients

All patients diagnosed according to Bohan & Peter crite-
ria [6, 7], aged between 5 and 21 years old at the assess-
ment, regardless of disease activity and treatment, were
eligible. This cross-sectional study included JDM patients
in regular follow-up in a tertiary center, and 14 healthy
volunteers, matched by age and sex. The exclusion cri-
teria were: patients with other autoimmune diseases,
chronic diseases or neoplasias, patients with extensive
calcinosis that could difficult the visualization of the
muscle at US, pregnant women, and presence of infec-
tious diseases in the 15 days prior to data collection. Vol-
unteers who had any chronic disease, needed continuous
medication, had current infection, or who were pregnant,
were also excluded.
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Main outcome variable

Clinical and nailfold capillaroscopy assessments

All patients were assessed by three different examiners,
each of whom was responsible for one area of assess-
ment (clinical, ultrasonographic and capillaroscopic), had
expertise in their area of assessment, and was -blinded in
relation to the other assessments. The presence of disease
activity was assessed through clinical parameters (active
skin changes, signs of vasculopathy, muscle weakness,
presence of calcinosis), and complementary tests (serum
levels of muscle enzymes: lactic dehydrogenase — LDH,
aspartate aminotransferase — AST, creatine kinase — CK,
and aldolase).

The following questionnaires/scales were applied: Dis-
ease Activity Score (DAS), to assess the global disease
activity, including cutaneous and muscular involvement
[17]; Childhood Myositis Assessment Scale (CMAS),
validated for assessing muscle strength in childhood
[18]; Manual Muscle Testing (MMT), to assess muscle
strength and function [18]; Visual Analogue Scale (VAS),
for global assessment of the disease for physicians and
for parents and patients [5]; and, Childhood Health
Assessment Questionnaire (CHAQ), measurement of
functional capacity in daily activities [5]. Patients were
assessed for disease inactivity according to PRINTO cri-
teria [19].

Conventional NC was performed with an Olympus
stereomicroscope at 10 to 16x magnification, equipped
with a graduated ruler (1 to 10 mm), as described in lit-
erature [20]. The NC was considered normal, if changes
in number and morphology of capillaries were absent, or
with scleroderma (SD) pattern, in the presence of capil-
laries with dilatations, giant capillaries, and avascular
areas in more than half of the assessed fingers. In order to
ensure the NC accuracy, patients were instructed not to
undergo procedures that could traumatize their cuticles
in the month prior to the exams, as well as not to use nail
polish or other nail cosmetics on the day of the examina-
tion. The NC was performed at an interval of up to three
months prior to the time of the other assessments, by the
same examiner.

Ultrasonography exams

The US device used was the “MyLab Alpha’, eHD Crys-
taline version —8.00.06, ESAOTE brand, with a high
frequency linear transducer, from 6 to 19 MHz, for gray
scale evaluation. The PD assessment in each muscle
group was performed with a frequency of 8.3 MHz, rang-
ing from 8.0 to 12.5 MHz, frequency repetition pulse
was 730 MHz, ranging from 0.5 to 1.0 kHz, and filter
ranging from 2 to 3. The following software were used:
B-Mode, PD, Elaxto and Elaxto Advanced. All subjects
were assessed following the same sequence, in muscle
relaxation, with the probe positioned longitudinally and



Andrade de et al. Advances in Rheumatology (2023) 63:48

transversely in relation to the assessed muscle, and with
an abundant amount of gel in order to minimize anisot-
ropies. They were initially assessed in the sitting position,
for bilateral examination of the deltoids, biceps brachii,
and forearm flexor muscles, always in the proximal third
of the limb. Afterwards, the individuals were assessed in
the supine position, for examination of the quadriceps
femoris and anterior tibialis muscles, also in the proximal
third of the limb. The exam was systematized by:

@ Gray Scale (B-Mode): The examined area was clas-
sified as presenting preserved architecture (when its
“feather pattern” aspect was preserved) or altered (when
it presented any change to the normal pattern), as shown
at the Fig. 1 [21]. A new classification was performed
(semi-quantitative assessment), on a scale from 1 to 4,
that represents the number of echoes displayed in the
gray scale image, using the echogenicity of the corti-
cal bone as a visual reference [21]. The musculature was
graded as: Grade 1, when it presented an architectural
pattern “in feather’, that is, without invasion of the mus-
cle by fat and/or connective tissue (normal for purposes
of statistical analysis); Grade 2, when there was any inva-
sion of the musculature by fat and/or connective tissue
(moderate alteration); Grade 3, when the muscle pre-
sented more evident alterations, with some rupture of
muscle fascicles (important alteration); and Grade 4, in
the presence of severe alteration, with replacement of
50% or more of muscle by fat and/or connective tissue
(important alteration).

@ PD assessment: At the time of the examination, the
PD technique was applied, and the area was assessed
using a 0 to 4 scale, with higher PD scores indicating an
increased degree of vascularization [22]. PD was classi-
fied as: Grade 0 if no vessels were seen in the captured
image; Grade 1 if at least one intramuscular vessel was
captured; Grade 2 in the presence of 5 or more vessels
in a two-dimensional structure or a single large intra-
muscular vessel seen in cross-section>5 mm or a seg-
ment length>10 mm; Grade 3 when there was grade 2
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vascularization plus small clusters of flow areas (=3);
and Grade 4 in the presence of diffuse flow through the
muscle. PD>2 was considered positive, because in chil-
dren, grade 1 is often represented by feeding vessels.
Due to practical reasons, we classified the grades 0/1
as a single group. Feeding vessels were defined as those
vessels found in normal anatomical distribution and in
the absence of regional inflammatory signs [23]. All PD
grades found in this study are shown at the Fig. 2.

Elastography assessment

The SE technique was used. This technology uses a color
scale to assess the relative hardness of the tissue of each
structure, through the muscle elasticity assessment by
tissue deformation [15, 16, 24—26]. Images of all muscles
were obtained and only those that reached the green
spiral (which reflects the proper application of the tech-
nique), were considered. Two measurements were per-
formed at different times for each muscle group. Two
areas were selected that encompassed the largest transi-
tion area between soft and rigid musculature according
to the examiner’s assessment, and in these areas the pre-
defined elliptical shape was applied. The most suitable
areas were those that generated a histogram closer to
zero, which indicates good homogeneity of the compres-
sion applied to the tissue [24—26].

Statistical analysis

Data was stored in an excel spreadsheet and analyzed
using the R program, version 4.0.5. In descriptive analy-
sis of the categorical variables of interest, absolute and
relative frequencies were used, while in the numerical
variablesmean and median were used according to para-
metrical or non-parametrical distribution. For the elas-
tography values, the means and standard deviation were
considered. To associate the results obtained by gray
scale and PD in the 5 muscles between the right and left
sides, the McNemar test was used, while for the associa-
tion of the results obtained by SE between the right and

Fig. 1 B-mode. On the left - left quadriceps femoris from a healthy control. On the right - left quadriceps femoris from a JDM patient, with altered muscle
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Fig. 2 PD grades found in the study, in biceps brachii, from three patients. A: Grade 0. B: Grade 1. C: Grade 2

left sides, the Wilcoxon test was used. Fisher’s exact test
was used to associate sex, the qualitative gray scale, semi-
quantitative gray scale and PD variables between the
groups, while the Mann-Whitney test was used to asso-
ciate the elastography variables between the groups. The
same tests were used to associate the US parameters with
the other variables of interest (presence of disease activ-
ity, increase in muscle enzymes, NC, DAS, CMAS, MMT,
physician’s VAS, and parents’ and patients’ VAS). In addi-
tion, when both variables were numerical, Pearson’s cor-
relation was used.

. To compare the general elastography between the
groups, the GEE (Generalized Equations Estimating)
model was used, which is a way to account for the exist-
ing correlation between repeated measures. This model
was also used in comparative analysis between the gray
scale, semi-quantitative gray scale and PD assessments
and the clinical and laboratory variables, regarding the
presence or absence of disease activity. To propose a
cut-off point for elastography according to the results
obtained by gray scale, that is, to find the value that elas-
tography should assume to maximize the quality of fit of
the model, a Marginal Logistic Regression was adjusted.
Values of p<0.05 were considered significant.

RESULTS

A convenience sample obtained from a total of 92 J]DM
patients in regular follow-up at our clinic, resulted in 54
eligible patients. From those, 12 lost follow-up, 17 refused
to participate and 3 were excluded due to overlapping
autoimmune disorders (neuromyelitis optica, juvenile
idiopathic arthritis, and systemic lupus erythematosus).

We included 22 JDM patients (16 females, 6 males) and
14 healthy subjects (6 females, 8 males), with no statisti-
cal gender difference.

Clinical features.

Themean age at evaluation was 12.6 years for patients
and 11.6 years for controls (p=0.624).At diagnosis, all
patients had pathognomonic skin changes and increased
muscle enzymes, while 21 had symmetrical proximal
muscle weakness (95.5%). Six patients were in disease
activity and had CMAS <48, with a mean of 47.05, five
patients had MMT <78, with a mean of 77.4516.06. The
median DAS was 2 (1-4.25), the median parents’ and
patients’” VAS was 0.1 (0-0.53) and the median physi-
cian’s VAS was 0 (0-0.33). Disease inactivity was present
in 16 (72.7%) patients (Table 1).

Subsidiary exams.

Only 3 patients (13.6%) underwent EMG, which was
altered. Two patients (9.1%) underwent muscle biopsy,
with a normal result in one case, and findings of myopa-
thy in one case. Six patients had an increase in CK, with
a mean of 166.43 (units/L). In the NC assessment, nine
patients presented a SD pattern (40.9% (Table 1).

Treatment.

all patients used corticosteroids and disease-modify-
ing antirheumatic drugs (DMARDs) at some point dur-
ing the disease. Pulse therapy with methylprednisolone
followed by oral corticosteroid therapy was used in 20
patients (90.1%), and only two patients (9.1%) used oral
prednisone only. At the time of the evaluations, four
patients (18.2%) were on oral prednisone and 14 patients
on DMARDs (8 on methotrexate).

Ultrasound findings.

A total of 360 Gy scale images, 360 PD images and 360
SE images were obtained among patients and controls.
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Table 1 - Patients and control’s demographic data and

patient’s clinical data

Patients Controls p
(N=22) (N=14) value
Female sex 16 9 0.59
Age at evaluation (years, mean) 12.6+4.36 116+571 0624
Age at diagnosis (years, mean)  8.05+4.52
Diagnosis delay (months, 5(1.88-9.0)

median)

Cumulative dose of corticoste-
roids (mg/kg, mean)

396.71+256.67

High CK 6 (27.3%)
CK (units/L, mean) 166.43+90
Altered CMAS 6 (27.3%)
CMAS (mean) 47.05+7.07
Altered MMT 5(22.7%)
MMT (mean) 7745+6.06
DAS (median) 2 (1-4.25)
Patients and parent’s VAS 0.1 (0-0.53)
(median)

Physician’s VAS (median) 0(0-0.33)
Absence of disease activity 16 (72.7%)

Table 2 - Ultrasound evaluation at gray scale, qualitative and
semiquantitative of patients and controls

Qualitative Gray Scale’ Patients Controls p
(N=22) (N=14) value
N=220 N=140
muscles Muscles
D 10 (22.7%) 0 (0%) <0.001
BB 9 (20.5%) 0 (0%) <0.001
FF 8 (18.2%) 0 (0%) <0.001
QF 14 (31.8%) 0 (0%) <0.001
AT 12 (27.3%) 0 (0%) <0.001
Semiquantitative Gray Scale?
D moderate alteration 17 (38.6%) 0 (0%) <0.001
important alteration 24 (54.5%) 0 (0%)
BB moderate alteration 16 (36.4%) 2 (7.1%) <0.001
important alteration 24 (54.5%) 0 (0%)
FF moderate alteration 20 (45.6%) 0 (0%) <0.001
important alteration 19 (43.2%) 0 (0%)
QF moderate alteration 4(9.1%) 5(179%) <0.001
important alteration 37 (84.1%) 0 (0%)
AT moderate alteration 17 (38.6%) 2(7.1%) <0.001
important alteration 25 (56.8%) 0 (0%)

1Ultrasonography assessment altered when compared to normal muscle

pattern

2Ultrasonography assessment with moderate alteration (grade 2) or important

alteration (grades 3 and 4)

D: Deltoid; BB: Biceps brachii; FF: Forearm flexor; QF: Quadriceps femoris; AT:

Anterior Tibialis

Among the SE images, 720 area measurements and 360
histogram measurements were generated.

Initially, the right musculature was compared to the
left musculature, in a separate analysis of all examined
muscles, in relation to the qualitative gray scale, PD and
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Table 3 - Ultrasound evaluation by PD of patients and controls

PD assessment Patients Controls p
(N=22) (N=14) value
N=220 N=140
muscles muscles

D 2 (4.5%) 0 <0.001

BB 4 (9.0%) 1(3.5%) 0.386

FF 0 0 1

QF 0 0 1

AT 4(9.0%) 0 <0.001

PD: Power-Doppler

D: Deltoid; BB: Biceps brachii; FF: Forearm flexors; QF: Quadriceps femoris; AT:
Anterior Tibialis

SE. There was no statistical difference in any of the three
parameters assessed, in any muscle group, between the
right and left sides. Therefore, the comparisons were per-
formed with both sides of each muscle together.

In gray scale US assessment, the patients showed
alterations in muscle pattern in: 10 deltoids muscles (5
patients), 9 biceps brachii (6 patients), 8 forearm flexors
(4 patients), 14 quadriceps femoris (7 patients) and in 12
anterior tibialis (6 patients). No loss of muscle pattern
was found in any control.

In semi-quantitative gray scale, the patients presented
alterations: moderate in 17 and important in 24 of the
deltoids muscles (22 patients), moderate in 16 and
important in 24 of the biceps brachii (21 patients), mod-
erate in 20 and important in 19 of the forearm flexors
(21 patients), moderate in 4 and important in 37 of the
quadriceps femoris (21 patients), and moderate in 17 and
important in 25 of the anterior tibialis (21 patients). Con-
trols showed only moderate changes in 2 biceps brachii
muscles (2 subjects), 5 quadriceps femoris (3 subjects)
and 2 anterior tibialis muscles (2 subjects). Table 2 shows
qualitative and semi-quantitative gray scale US evalu-
ations of patients and controls. Changes in qualitative
and semi-quantitative gray scale were more frequent in
patients than in controls, in all muscle groups (p <0.001).

No patient or control presented PD grades 3 or 4 in any
muscle group evaluated. The patients presented PD posi-
tivity more frequently than controls only in the deltoids
and anterior tibialis (p<0.001). Table 3 shows PD evalua-
tion of patients and controls.

The elastography measurements were analyzed using
the average obtained from the two measurements taken
at the time of the exam. Considering the gray scale as the
most appropriate US parameter for muscle assessment of
patients with JDM, a cut-off point for SE was proposed,
that is, a point from which there is greater reliability in
the result considered to be altered. This point was 54.36,
with an area under the curve of 0.514, with sensitivity
of 45.3%, specificity of 64.4%, positive predictive value
(PPV) of 18%, negative predictive value of 87.2% and
accuracy of 61.6%. Using the SE tool, a higher muscle
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stiffness was found in controls compared to patients,
but only in the deltoids (mean 51.35+7.48 patients x
55.5119.03 controls) (p=0.039). The comparative assess-
ment between patients and controls of other muscle
groups did not show statistical significance.

Associations between ultrasound findings and clinical
features, nailfold capillaroscopy and corticosteroids use.

Associations between patients’ disease activity and US
changes were studied for qualitative gray scale, semiquan-
titative gray scale, PD, and SE. There was no association
between disease activity and greater frequency of gray
scale changes and greater muscle stiffness on SE. For the
semi-quantitative gray scale, an association was observed
between disease activity and important alterations in the
deltoids (p=0.007), biceps brachii (p<0.001) and quadri-
ceps femoris (p=0.005) (Table 4). For the assessment of
PD, none important association was observed between
disease activity and PD positivity.

SD pattern at NC was associated with important
changes in semi-quantitative gray scale only in forearm
flexors (p=0.033). Associations were also found between
DAS score and qualitative gray scale changes in all mus-
cle groups. In SE assessment, an association between
lower elastography values in the anterior tibialis muscle
and higher DAS values was found (p=0.009).

Considering the muscle assessment through the MMT
and CMAS questionnaires, there was no association
between changes in the qualitative gray scale and either
of the questionnaires. Table 5 shows the associations
found between gray scale US parameters and clinical-
laboratory assessments, and Table 6 shows associations
between PD and clinical-laboratory assessments.

Using the semiquantitative gray scale, we did not
observe any association between changes, whether mod-
erate or important, in any muscle group, with the mean
cumulative dose of corticosteroids.

In patients with active disease (6 patients), there was
an association between changes in qualitative gray scale
in all muscle groups and SD pattern at NC, higher DAS
scores, and higher parents’ and patient’s VAS scores.

Patients with disease follow up of longer than 5 years
presented greater mean values of SE in anterior tibialis
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muscles than the patients with up to 5 years of disease
follow up (52.25%+12.47 vs. 45.29%+8.8, p=0.006). The
other muscles were assessed but did not show statistical
significance. Regarding the other US parameters (gray
scale, semi-quantitative gray scale, and PD), there was no
difference in frequency of changes in the exams related to
long-term disease.

DISCUSSION

JDM is a chronic disease, where differentiation between
activity and remission can be difficult, if evaluated only
through clinical and laboratory manifestations. Other
tests, such as invasive tests, are difficult to perform in
children. For this reason, more accessible exams such as
muscle US (cheaper) or MRI (more expensive but con-
sidered the gold standard), are potential and important
tools, respectively, in determining disease activity. The
use of more widely disseminated software, such as US
B-Mode and PD, can be useful, both in the assessment of
disease activity and in differentiating individuals with or
without inflammatory muscle involvement.

This study observed that US was able to differentiate
patients from controls, through qualitative and semi-
quantitative gray scale, and only in the deltoid and ante-
rior tibialis muscles through PD. We observed that the
semi-quantitative gray scale US findings of the proximal
musculature were associated with disease activity. Eval-
uation by SE was not able to differentiate patients from
controls, nor to detect disease activity in patients.

Regarding the clinical-laboratory parameters, it was
observed that the increase in muscle enzymes and VAS,
did not present a strong association with US param-
eters. However, higher DAS scores were associated with
loss of normal muscle architecture in all muscles on gray
scale, with significant changes in the biceps brachii and
forearm flexor muscles on semi-quantitative gray scale,
and with greater PD positivity in the anterior tibialis.
Regarding the strength and muscle function assessment
questionnaires, it was observed that lower CMAS scores
were associated with an important change in the semi
quantitative gray scale of all muscles, with the exception
of the anterior tibialis muscles, while for the MMT, such

Table 4 - Ultrasound evaluation by semiquantitative gray scale of patients in active disease and inactive disease

Semiquantitative Gray Scale' yporrant ALTERATION) Active disease Inactive disease p value
N =6 patients N =16 patients
(60 muscles) (160 muscles)
D 9 (81.8%) 15 (46.9%) 0.007
BB 10 (90.9%) 15 (46.9%) <0.001
FF 7 (63.6%) 12 (37.5%) 0.198
QF 11 (100%) 25 (78.1%) 0.005
AT 6 (54.5%) 17 (53.1%) 0475

1Ultrasonography assessment with moderate alteration (grade 2) or important alteration (grades 3 and 4)

D: Deltoid; BB: Biceps brachii; FF: Forearm flexor; QF: Quadriceps femoris; AT: Anterior Tibialis
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Table 5 - Association between clinical-laboratory variables and ultrasound findings (qualitative and semiquantitative gray scale)

D BB FF QF AT
Qualitative Gray Scale (altered)
Disease activity 4 (p=0.241) 3(p=0.551) 2 (p=0.967) 6 (p=0.079) 4 (p=0471)
Muscle enzymes elevation 2 (p=0.164) 2 (p=0.244) 2 (p=0.360) 2 (p=0.028) 2 (p=0.070)
Altered NC 6 (p=0.334) 4 (p=0.889) 4 (p=0.827) 8 (p=0.334) 6 (p=0.776)
DAS 10 (p=0.002) 9 (p=0.005) 8 (p=0.007) 14 (p=0.002) 12 (p=0.013)
MMT 10 (p=0.533) 9 (p=0433) 8 (p=0.340) 14 (p=0.964) 12 (p=0.747)
CMAS 10 (p=0.170) 9(p=0312) 8 (p=0.315) 14 (p=0.334) 12 (p=0.360)
Physician’s VAS 10 (p=0.110) 9 (p=0.266) 8 (p=0.340) 14 (p=0.05) 12 (p=0.307)
Patients and parent’s VAS 10 (p=0.173) 9(p=0.327) 8 (p=0.389) 14 (p=0.194) 12 (p=0.493)
Semi-quantitative Gray Scale (moderate alteration/ important alteration)
Disease activity 2/9 1/10 3/7 o/nm 5/6
(p=0.007) (p<0.001) (p=0.198) (p=0.005) (p=0475)
Muscle enzymes elevation 3/14 (p<0.001) 6/11 (p=0.157) 9/8 3/13 (p=0.563) 5/10 (p=0.820)
(p=0.208)
Altered NC 7/13 6/13 5/13 3/15 9/
(p=0.094) (p=0.289) (p=0.033) (p=0.206) (p=0.296)
DAS 16/24 14/25 19/19 4/36 16/23
(p=0.063) (p=0.025) (p=0.037) (p=0.138) (p=0.089)
MMT 16/24 14/25 19/19 4/36 16/23
(p=0.003) (p=0.063) (p<0.001) (p=0.123) (p=0.3813)
CMAS 16/24 14/25 19/19 4/36 16/23
(p=0.008) (p=0.006) (p=0.006) (p=0.015) (p=0.929)
Physician’s VAS 16/24 14/25 19/19 4/36 16/23
(p=0.092) (p=0.015) (p=0.088) (p=0377) (p=0,081)
Patients and parent’s VAS 16/24 14/25 19/19 4/36 16/23
(p=0.924) (p=0.140) (p=0.017) (p=0.165) (p=0.460)

D: Deltoid; BB: Biceps brachii; FF: Forearm flexors; QF: Quadriceps femoris; AT: Anterior Tibialis

NC: Nailfold capilaroscopy; DAS: Disease Activity Score; MMT: Manual Muscle Testing; CMAS: Childhood Myositis Assessment Scale; VAS: Visual analogic scale

Table 6 Association between clinical-laboratory variables and

PD findings
D BB FF QF AT

Disease activity 0 1 0 0 3
(p<0.001) (p=0978) (p=1) (p=1) (p<0.001)

Muscle 0 1 0 0 3

enzymes (p<0.001) (p=0540) (p=1) (p=1) (p<0.001)

elevation

Altered NC 1 1 0 0 2
(p=0919) (p=0382) (p=1) (p=1) (p=0480)

DAS 2 4 0 0 3
(p=0.049) (p=0303) (p=1) (p=1) (p=0.026)

MMT 2() 4 0 0 3

(p=0501) (p=1) (p=1) (p=0.013)

CMAS 2 4 0 0 3
(p=0422) (p=0539) (p=1) (p=1) (p=0.004)

Physician’s VAS 2 4 0 0 3
(p=0.131)  (p=0693) (p=1) (P=1) (p=0.033)

Patients and 2 4 0 0 3

parent’s VAS (p=0.045) (p=0.699) (p=1) (=1 (EP=0.233)

D: Deltoid; BB: Biceps brachii; FF: Forearm flexors; QF: Quadriceps femoris; AT:
Anterior Tibialis

NC: Nailfold capilaroscopy; DAS: Disease Activity Score; MMT: Manual Muscle
Testing; CMAS: Childhood Myositis Assessment Scale; VAS: Visual analogic scale

association occurred only in the deltoid and forearm
flexor muscles.

The most recent studies suggest the standardization
of videocapillaroscopy due to its ability to provide more
accurate results, as it does not require extensive training
by the examiner [27]. However, the available device for
this study was the conventional stereomicroscope, but its
limitation can be considered overcome as the examiner
is highly trained to perform this examination. NC can be
considered a good marker for skin activity, but it is not
always a good marker for muscle activity [11, 12]. In the
present study, the SD pattern at NC was not associated
with changes in US parameters.

In JDM, US proved to be useful in helping to define the
degree of disease activity, and also in patients’ follow-up,
demonstrating severity and muscle damage associated
with myopathy. Although there are currently no validated
criteria for the use of gray scale and PD, recently, a study
proposed validation for the use of US only in the rectus
femoris muscles 28, 29]. Meng et al. assessed 37 patients
with IIM, 17 with DM, and 6 controls, and observed an
increase in the echogenicity of patients when compared
to controls, suggesting muscle atrophy [22]. Another
more recent validation study of US for JDM showed the
same results [29]. This present study presented similar
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results in the qualitative and semi-quantitative gray scale
for all muscle groups assessed.

Regarding the evaluation of PD, the results are con-
flicting. In the study by Meng et al., patients presented
higher PD scores, while in the one by Mamyrova et al., no
similar results were found [22, 29]. Our study observed
increased vascularity in PD only for the deltoid and ante-
rior tibialis muscles. While in the study by Meng et al., it
was concluded that the presence of pathological PD was
more associated with short-term disease [22], it was not
possible to confirm this fact in our study, since no asso-
ciation was found between PD positivity and presence of
disease activity. Reimers et al. assessed muscle biopsies
from adults with IIM and showed that in acute phase, US
tends to show a reduction in echogenicity due to mus-
cle edema, while in chronic phase an increase in echo-
genicity due to atrophy tends to occur [30]. However,
Bhansing et al. [31] assessed 17 patients with JDM, 7 of
whom were considered to have disease activity, and con-
cluded that in acute phase there is an increase in muscle
echogenicity and an even more significant increase when
compared to patients in clinical remission. Habers et al.
observed a slight increase in echogenicity at diagnosis,
with a more significant increase during the course of the
disease, particularly in a patient who developed a chronic
course [9]. These findings were attributed to the pres-
ence of edema in the initial phase of the disease and to
fatty infiltration in the follow up [9]. Although our study
showed an increase in echogenicity [21] (through the
semi-quantitative gray scale) in deltoids, biceps brachii
and quadriceps femoris muscles of patients considered
to have disease activity, we cannot infer at which stage of
the disease they were. The qualitative gray scale, where
the loss of normal muscle architecture was assessed, did
not show significant differences between active and inac-
tive disease. US proved to be even more useful in the
examination of proximal muscles, where the prevalence
of involvement is known.

The use of elastography in musculoskeletal assessment
is still limited and the results are controversial. In this
study, SE showed conflicting results when compared with
the other clinical-laboratory parameters, and it was not
possible to infer associations between increased mus-
cle stiffness in the SE and any other parameter. The SE
showed low sensitivity, specificity and PPV, so it was not
possible to identify a cut-off from which we would con-
sider the stiffness found to be pathological. However, its
high negative predictive value shows that this test was
able, in 87.2% of cases, to demonstrate the absence of
inflammatory muscle involvement.

In a study that assessed patients with myopathies, one
with JDM, another seven with other myopathies, and
20 healthy individuals, revealed that the patients with
myopathies showed a reduction in muscle elasticity
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through a score that comparatively assessed the muscu-
lature with the fat around it, in addition to a significant
increase in echogenicity only in the biceps brachii muscle
[32]. Yet, another study evaluated 18 lesions seen in MRI
in 17 patients with different myopathies and showed a
reduction in muscle elasticity through a score calculated
between the affected musculature and the adjacent mus-
culature, which was more evident in patients with inflam-
matory myopathies than in other diagnoses (overlapping
patients with systemic lupus erythematosus, rheumatoid
arthritis and mixed connective tissue disease) [33]. Our
study did not find similar results, but a different method-
ology was used by us.

While US is a valuable tool for muscle assessment,
it may not always differentiate between inflammatory
myophaties and muscular dystrophies. Muscular dys-
trophies typically exhibit a uniform increase in muscle
echogenicity with significant attenuation of the US sig-
nal in deeper layers. In contrast, inflammatory myopa-
thies also show a homogeneous increase in echogenicity
without the attenuation seen in dystrophies. However,
in advanced stages, inflammatory myopathies can show
tissue destruction with fibrosis replacement, leading to
severe muscle atrophy and signal attenuation, potentially
causing confusion with muscular dystrophies [34].

The only study that assessed only JDM patients,
included 18 children with 10 lesions considered active on
MRI and used a pre-established score in biceps brachii
and quadriceps femoris muscles of healthy children [16,
35]. This study concluded that SE did not correlate with
disease activity, clinically or by MRI, and low sensitivity
and specificity for detecting active myositis by SE was
observed [35]. Our study found similar results for detec-
tion of active myositis (clinical and laboratory), however
comparisons with MRI have not been made. The use of
elastography is consolidated for more restricted lesions
within an organ, such as nodular lesions of the breast
and liver [26]. As the muscle can be heterogeneously and
diffusely inflamed, we consider that this may have been
an important factor that limited the detection of altera-
tion using the SE technique. Other non-inflammatory,
mechanical and exertion changes that may alter muscle
fiber consistency may also have limited SE assessment
(36, 37].

The study has some limitations, such as the small
power of effect of the sample, due to the small number
of patients in activity (27.3%). When analyzing active
and inactive patients together, this may have resulted in
underestimated cutoff values for quantitative and semi-
quantitative changes. Another point was the inclusion
of two patients older than 18 years old (although with
JDM diagnosed before this age). Other limitations are
the lack of standardization for assessment by SE, whose
method of measurement varies greatly in the literature,
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and, additionally, the absence of intra and inter-observer
assessments. This was compromised by the difficulty of
having another qualified professional in SE to perform
dynamic and static measurements of the method, thus
preventing the evaluation of the reproducibility index
of this tool. An additional limitation is the lack of com-
parison with the gold standard imaging method, which
is MRI. Although this is a limitation, it was not the aim
of the study to compare US images with MRI, especially
since previous studies have already demonstrated the
US effectiveness in detecting muscular abnormalities
[29, 38]. This study has strengths such as the quality of
the methodology, citing the fact that all the examiners
were blind to the other assessments, the execution of the
assessments in very short timeframes or on the same day,
with the assessment of several muscle groups, the assess-
ment by professionals with expertise in their respective
areas, and the use of a control group.

In conclusion, US was able, through qualitative and
semi-quantitative gray scale assessment, to differentiate
patients with JDM from healthy controls, while PD was
able to perform such differentiation only for deltoids and
anterior tibialis muscles. However, only a few muscle
groups showed an association between the US findings,
gray scale, PD and SE, with disease activity markers. SE
was not able to differentiate patients from controls, nor
to detect disease activity in patients.
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