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Background: Polymyositis (PM) and dermatomyositis (DM) are two common types of idiopathic 
inflammatory myopathy and can lead to a poor prognosis and quality of life. We designed this cross-sectional 
study to investigate the abilities of high-frequency ultrasound (HFUS) and shear wave elastography (SWE) 
to assess muscle properties in patients with PM and DM and to distinguish healthy muscles from diseased 
muscles with PM and DM.
Methods: A total of 60 patients (26 PM cases and 34 DM cases) and 65 matched healthy volunteers were 
continuously included in the case and control groups, respectively. For the bilateral deltoid, biceps brachii, 
rectus femoris, and vastus lateralis, the muscle thickness, echo intensity, and longitudinal shear wave velocity 
(SWV) of all participants were measured using HFUS and SWE. The intra- and interobserver reliability of 
SWV measurements of patients with PM and DM and the receiver operating characteristic curve for HFUS 
and SWE for PM and DM were analyzed.
Results: Patients with PM and DM had significantly decreased muscle thickness and increased muscle 
echo intensity compared to healthy controls (P<0.001). The patients’ and healthy participants’ deltoid, 
biceps brachii, rectus femoris, and vastus lateralis thickness was 19.75 and 23.00 mm, 20.45 and 22.80 mm,  
18.40 and 20.20 mm, and 20.00 and 22.80 mm, respectively. Except for the biceps brachii, the mean SWV in 
the longitudinal orientation in patients with PM and DM significantly decreased (P<0.01). The mean SWV 
of the patients’ and healthy participants’ deltoid, rectus femoris, and vastus lateralis was 2.47 and 2.57 m/s, 
1.73 and 1.87 m/s, and 1.57 and 1.77 m/s, respectively. Excellent intra- and interobserver reliability of SWV 
measurements on the deltoid and rectus femoris of PM and DM patients were found (intraclass correlation 
coefficient >0.95; P<0.001). The diagnostic performance of echo intensity in lower-extremity proximal 
muscles for PM and DM was excellent [area under the curve (AUC) >0.9]. The thickness of most muscles 
displayed moderate diagnostic performance (the AUC ranged from 0.700 to 0.775). The SWV of the 
vastus lateralis showed a stable performance (AUC =0.741). The combined diagnostic performance of echo 
intensity and thickness and the combined diagnostic performance of the 3 indicators were relatively high (the 
AUC ranged from 0.871 to 0.936 and from 0.898 to 0.938, respectively). Muscle thickness and echo intensity 
showed statistical differences in different disease stages of PM and DM (P'<0.01).
Conclusions: HFUS and SWE may serve as imaging biomarkers for the diagnosis of PM and DM by 
detecting abnormal muscle thinning, enhanced muscle echo intensity, and reduced muscle SWV.
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Introduction

Polymyositis (PM) and dermatomyositis (DM) are 
idiopathic inflammatory myopathies (IIM), which are 
group of autoimmune diseases characterized by skeletal 
muscle inflammation and muscle weakness (1). DM is 
often accompanied by characteristic dermatological 
lesions. Early diagnosis and assessment of patients with 
PM and DM is important because they often have poor 
prognoses and quality of life (2,3). The main methods for 
diagnosing and evaluating PM and DM are serological test, 
electromyography (EMG), muscle biopsy, and imaging. 
Besides being invasive, the muscle biopsy may lead to a 
false-negative diagnosis, particularly from non-imaging 
guided biopsy. A serological test cannot reflect specific 
muscle involvement, while myogenic lesions suggested by 
EMG are important indicators of muscle damage, but they 
are not specific to inflammatory myopathy. Additionally, 
neither serological test nor EMG can provide muscle 
morphological information.

Imaging techniques, such as magnetic resonance imaging 
(MRI) and ultrasound, have variable validity and utility 
in the setting of IIM (4). MRI is useful in the qualitative 
assessment of muscle and the determination of the muscle 
biopsy site and may be useful for IIM subclassification 
(5-7). However, the feasibility of MRI is limited by cost, 
accessibility, patient tolerability, and contraindications. 
Magnetic resonance elastography (MRE) is a relatively 
new imaging modality for evaluating tissue elasticity, and 
its feasibility in assessing IIM has been demonstrated (8).  
However, the protocols still require refinement and 
validation before being translated for use in the clinical 
evaluation of IIM (4).

Musculoskeletal ultrasonography has developed rapidly 
in recent years and showed promising utility in investigating 
musculoskeletal disorders (9). Muscle echogenicity—
the characteristic of tissues to reflect ultrasound waves—
is typically used as a sonographic estimate of muscle 
quality (10). The quantification of muscle echo intensity 
has been proven to be valuable in assessing muscle status 
and disease (11,12). Shear wave elastography (SWE), a 
new ultrasound technology with the ability to evaluate 
tissue elasticity and stiffness, can superimpose the elastic 

image on the grayscale image in real time and obtain the 
shear wave velocity (SWV) of the region of interest (ROI). 
Young’s modulus is used to represent the mechanical 
properties of tissues. It is converted from SWV based on 
the assumptions of constant density, homogeneity, isotropy, 
and incompressibility using the following equation: E = 3ρc2 
(where E is Young’s modules, ρ is the volume density of the 
tissue, and c is the velocity) (13). However, in anisotropic 
tissues, such as muscles and tendons, SWV was reported to 
be more reliable than was Young’s modulus (14,15). SWE 
has been widely used in the liver, thyroid, and breast and 
has potential in determining musculoskeletal diseases (16). 
The feasibility, reliability, and repeatability of SWE in 
quantifying normal and diseased muscle stiffness have been 
confirmed (17-20).

Thus far, few studies have used ultrasound elastography 
to evaluate muscles in patients with inflammatory myopathy; 
moreover, in the studies that have been conducted, the 
sample sizes were relatively small, and the conclusions 
were inconsistent (21). Using strain elastography, Song  
et al. (22) found increased muscle stiffness in patients with 
inflammatory myopathy. Using SWE, Alfuraih et al. (23)  
detected significantly reduced thigh muscle stiffness 
in patients with active IIM. Given the deficiencies and 
discrepancies of recent studies, more in-depth studies 
with larger sample sizes are urgently needed. Our study 
quantitatively evaluated the thickness, echo intensity, and 
longitudinal SWV of proximal limb muscles in patients 
with PM and DM and compared them with those in healthy 
populations to explore the application value of high-
frequency ultrasound (HFUS) and SWE in PM and DM. 
We aimed to provide objective indicators for the clinical 
diagnosis and evaluation of PM and DM. We present the 
following article in accordance with the STARD reporting 
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-22-423/rc).

Methods

This study was approved by the Ethics Committee of West 
China Hospital of Sichuan University. The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013). Written informed consent was obtained 
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from all participants for publication of this study and any 
accompanying images.

Study participants

Between January 2018 and January 2020, 60 patients with 
PM and DM at West China Hospital of Sichuan University 
were continuously enrolled. The inclusion criteria were in 
line with the widely accepted Bohan and Peter diagnostic 
criteria for PM and DM (24) and include (I) symmetrical 
proximal weakness, (II) elevation of serum muscle enzymes, 
(III) myogenic damage on EMG, (IV) characteristic 
pathological changes in muscle biopsy, and (V) characteristic 
dermatological lesions. The patient was diagnosed with 
PM if the first 4 criteria were met. DM was diagnosed if 
the patient had characteristic dermatological lesions and 
met any 3 of the first 4 criteria. The exclusion criteria 
were the presence of other skeletal muscle diseases, such as 
neuromyopathy, infective myositis, or muscular dystrophy; 
and abnormalities in checked regions, such as trauma, scars, 
tumors, or a history of surgery. The 60 patients with PM and 
DM were divided into acute stage (≤6 months) and chronic 
stage groups according to the duration of their symptoms. 
For controls, 65 healthy volunteers were continuously 
recruited during the same period via advertisements near 
our hospital. Healthy volunteers were included if (I) the 
muscle strength of their extremities was scored as grade 5 by 
an experienced rehabilitation physician using manual muscle 
testing; (II) their age, gender ratio, and body mass index 
(BMI) were basically matched with the case group; and (III) 
no muscle disease, arthritis, neuropathy, or other conditions 
were present that could affect the muscle. Healthy volunteers 
were excluded if they had abnormalities in checked regions, 
such as trauma, scars, tumors; or a history of surgery. 
Participant grouping and general condition assessment were 
performed by experienced clinicians who did not know the 
participants’ ultrasound results.

HFUS and SWE examination

The sonographic equipment employed was the Aixplorer 
(Supersonic Imagine, Aix-en-Provence, France) system 
with the SuperLinear SL10-2 MHz probe. The superficial 
musculoskeletal mode was preset. The grayscale imaging 
gain was set to 50% for the measurement of thickness 
and acquisition of a grayscale image for the echo intensity 
measurement. The maximal scale was adjusted to 180 kPa 
for the measurement of SWV. Considering that PM and 

DM usually involve the proximal muscles of the extremities, 
the bilateral deltoid, biceps brachii, rectus femoris, and 
vastus lateralis were investigated. To obtain images of the 
deltoid, participants were asked to sit in a neutral position 
with their forearms on their thighs and palms facing up. 
We carefully scanned the entire deltoid to determine its 
extent and measured the muscle thickness, echo intensity, 
and SWV at 50% of the middle bundle of the deltoid. The 
biceps brachii was evaluated at the proximal one-third 
between the axilla and elbow fossa with the participant in 
a supine position. The rectus femoris and vastus lateralis 
were assessed at a proximal one-third distance between the 
anterior superior iliac spine and the proximal border of the 
patella, with the participants supine with their lower limbs 
in a neutral position. The position of the patient and probe 
is shown in Figure 1.

The muscle thickness was measured in the transverse 
orientation and was measured as the distance between 
the superficial and deep aponeuroses (Figure 2). The 
measurements were repeated 3 times, and the average value 
was calculated and recorded in millimeters. Muscle SWV 
was measured in the longitudinal orientation. The probe 
was oriented along the muscle fibers. After switching to the 
SWE mode, the operator maintained the transducer for a 
few seconds to obtain a stable color-coded SWE image. The 
ROI was moved to include the scanned muscle. A circular 
Q-box was placed at the measured position and fixed to a 
diameter of 6 mm. The mean SWV value of the muscle 
automatically generated by the system was recorded. The 
measurements were repeated 3 times, and the average value 
was recorded in meters per second (m/s). Figure 3 shows the 
longitudinal SWE image of the vastus lateralis.

The examinat ion was undertaken by 2 tra ined 
sonographers with at least 5 years of experience each in 
musculoskeletal ultrasound scanning. The 2 sonographers 
did not know the grouping of participants when performing 
the ultrasound examination. The participants rested quietly 
for 30 minutes before scanning and were instructed to relax 
their muscles in all positions when scanning was being 
performed. The probe covered with several millimeters of 
ultrasound gel was placed perpendicularly and smoothly to 
the skin. Minimal pressure was applied to the transducer. 
HFUS and SWE acquisitions were repeated 3 times per 
muscle.

Measurement of echo intensity

Quantitative muscle ultrasound was employed for echo 
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Figure 1 The position of the patient and probe when scanning was performed in the longitudinal orientation. The deltoid (A), biceps 
brachii (B), rectus femoris (C), and vastus lateralis (D). When scanning was performed in the transverse orientation, the position was the 
same, and the probe was rotated 90°.

intensity analysis on the saved images. Photoshop CC 
2019 (Adobe, San Jose, CA, USA) was used to measure 
the echo intensity of the grayscale image of muscle in the 
longitudinal section, in similar fashion to what was done 
in previous studies (10,25). The sample box size was set to 
64×64 pixels and placed in the Q-box of the SWE grayscale 
image for measurement. The average value of the grayscale 
was then recorded. The measurements were repeated  
3 times.

Statistical analysis

The data analysis was performed using SPSS version 26.0 
(IBM Corp., Armonk, NY, USA). The categorical variables 
are expressed as frequencies. Age and BMI are expressed 
as the mean ± standard deviation. The disease duration, 

thickness, echo intensity, and SWV are expressed as the 
median (quartile). Intra- and interobserver reliability 
of SWV measurements in the longitudinal orientation 
was analyzed using the intraclass correlation coefficient 
(ICC). The difference in the sexual proportion between 
patients with PM and DM and healthy controls was tested 
using the chi-squared test. Age and BMI were compared 
using the t test. Muscle thickness, echo intensity, and 
SWV were compared using the Mann-Whitney test. 
Receiver operating characteristic (ROC) curves were 
plotted to evaluate the performance of HFUS and SWE 
in discriminating participants with or without PM or DM. 
The discrimination was quantified with the area under the 
curve (AUC). The Kruskal-Wallis test was used to compare 
the control, acute stage, and chronic stage groups. If the 
differences were statistically significant, we proceeded to 
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Figure 2 Measurement of muscle thickness in an HFUS image. The biceps brachii in a healthy control (A) and in a patient with PM or DM 
(B); the rectus femoris in a healthy control (C) and in a patient with PM or DM (D). HFUS, high-frequency ultrasound; PM, polymyositis; 
DM, dermatomyositis.

use post hoc pairwise comparisons and adjusted the test 
level according to Bonferroni’s method (P'=P/N; P=0.05; 
N=3). Spearman correlation coefficients were calculated to 
correlate thickness, echo intensity, and SWV of muscle with 
disease duration. All tests were 2-tailed. A P value less than 
0.05 and P' value less than 0.05/3 indicated a statistically 
significant difference.

Results

Patients and characteristics

A total of 60 patients diagnosed with PM or DM 
participated in this study, including 34 with DM and 26 
with PM. A total of 21 patients were in the acute stage and 

39 were in the chronic stage. The ratio of men to women 
in patients with PM and DM was 1:1.9, which was basically 
consistent with the epidemiological characteristics of PM 
and DM reported in a previous study (26). No significant 
difference was found in sex ratio, age, and BMI between 
patients and healthy controls (P>0.05). The descriptive 
characteristics were represented and tested for differences 
as shown in Table 1.

Results of HFUS and SWE

The results showed that the thickness of the deltoid, biceps, 
rectus femoris, and vastus lateralis decreased in patients 
with PM and DM (P<0.001), and the echo intensity of all 
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Figure 3 The mean shear wave velocity of the vastus lateralis in a healthy control (A) and in a patient with PM or DM (B) was 1.7 and 1.3 m/s, 
respectively. PM, polymyositis; DM, dermatomyositis.

muscles increased (P<0.001).
The SWV values of the deltoid, rectus femoris, and 

vastus lateralis in patients with PM and DM were lower 
than those in healthy controls (P<0.01). Although the SWV 
value of the biceps brachii in PM and DM also decreased, 
the difference was not statistically significant (P>0.05). 
Table S1 reports the descriptive data of muscle thickness, 
echo intensity, and SWV measurements. The clustered 
boxplots of muscle thickness, echo intensity, and SWV 
by participant type are shown in Figure 4. Excellent intra- 
and interobserver reliability of SWV measurements on the 
deltoid and rectus femoris of the patients with PM and DM 
were found (ICC >0.95; P<0.001; Table S2).

The ROC curves were plotted to evaluate the diagnostic 
performance of thickness, echo intensity, and SWV for 
patients with PM and DM (Figure 5). The echo intensity 
had an excellent level of discrimination. The AUC of 

the rectus femoris and vastus lateralis was 0.933 [95% 
confidence interval (CI): 0.902–0.964] and 0.926 (95% CI: 
0.891–0.961), respectively. Except for the biceps brachii, the 
diagnostic performance of the thickness of other muscles 
was moderate (the AUC ranged from 0.700 to 0.775). 
The discrimination ability of SWV of different muscles 
showed variability, among which the SWV of the vastus 
lateralis showed stable discrimination performance (AUC 
=0.741). When combining the aforementioned indicators, 
the combined diagnostic performance of echo intensity and 
thickness and the combined diagnostic performance of the 3 
indicators were relatively high (the AUC ranged from 0.871 
to 0.936 and from 0.898 to 0.938, respectively).

Compared with the control and acute stage groups, 
muscle thickness of the chronic stage group was significantly 
decreased (P'<0.01). Correlation analysis results suggested 
a low to moderate negative correlation between muscle 

https://cdn.amegroups.cn/static/public/QIMS-22-423-supplementary.pdf
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Table 1 Characteristics of the study participants

Characteristics PM and DM (n=60) Healthy controls (n=65) P value* Acute stage (n=21) Chronic stage (n=39) P value*

Female/male 39/21 44/21 0.750 12/9 27/12 0.349

Age (year) 44.25±12.51 43.80±11.64 0.835 48.33±10.66 42.05±13.00 0.063

BMI (kg/m2) 21.18±2.76 21.82±2.03 0.146 21.04±2.34 21.26±2.99 0.763

Disease duration (months) 9 (5, 15) – – 3 (2, 5.5) 13 (9, 23) –

*, a P value below 0.05 indicates a significant difference. Continuous variables were tested using the independent samples t test or the 
Mann-Whitney test. Categorical variables were tested using the chi-squared test. Data of age and BMI are expressed as the mean ± 
standard deviation. Disease duration is expressed as the median (upper quartile, lower quartile). BMI, body mass index; PM, polymyositis; 
DM, dermatomyositis.
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Figure 4 Clustered boxplots of muscle thickness (A), echo intensity (B), and shear wave velocity (C) by participant type (healthy controls 
and PM/DM patients). *, indicates a statistically significant difference. PM, polymyositis; DM, dermatomyositis.

thickness and disease duration in patients with PM and 
DM (the r value ranged from –0.307 to –0.528; P<0.01). 
Compared with the control group, the muscle echo 
intensity of the patients with PM and DM in both the acute 

stage and chronic stage groups was significantly increased 
(P'<0.01). The muscle echo intensity of the chronic stage 
group was higher than that in the acute stage group 
(P'<0.01). Except for the biceps, SWV in the acute stage 
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Figure 5 ROC curves of muscle echo intensity, thickness, and shear wave velocity in the diagnosis of PM and DM. ROC curves of echo 
intensity (A) of the deltoid, biceps brachii, rectus femoris, and vastus lateralis. ROC curves of thickness (B); shear wave velocity (C); and 
the combination of echo intensity, thickness, and shear wave velocity (D). ROC, receiver operating characteristic; PM, polymyositis; DM, 
dermatomyositis.

group was lower than that in the control group (P’<0.01). 
Except for the vastus lateralis, there was no significant 
difference in SWV between the chronic stage and control 
groups. The clustered boxplots in Figure 6 graphically 
represent the results for the various muscles of the 3 groups. 
The descriptive data are provided in Table S3.

Discussion

This study was novel in simultaneously quantifying the 
muscle thickness, echo intensity, and SWV in patients with 
PM and DM. HFUS and SWE could detect abnormal 
muscle thinning, enhanced muscle echo intensity, and 

https://cdn.amegroups.cn/static/public/QIMS-22-423-supplementary.pdf
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Figure 6 Clustered boxplots of muscle thickness (A), echo intensity (B), and shear wave velocity (C) by grouping type (healthy controls, 
acute stage group and chronic stage group). #, Comparison between the healthy controls and the acute stage group, statistically significant 
difference. ^, Comparison between the healthy controls and the chronic stage group, statistically significant difference. *, Comparison 
between the acute stage group and the chronic stage group, statistically significant difference.

reduced muscle SWV in these patients. Differences 
between patients and healthy controls suggested the altered 
properties of diseased muscles.

The results regarding the decreased thickness of 
muscles in PM and DM suggested the presence of muscle 
atrophy. Early research similarly found muscle atrophy 
and thinning in IIM (27). Previous studies have shown 
that many muscle diseases usually manifest as increased 
muscle echogenicity (11), reflecting pathological changes 
such as muscle fibrosis and fatty infiltration (27,28). 
Through quantitative evaluation and analysis, this study 
found that the muscle echo intensity was significantly 
enhanced in patients with PM and DM compared with 
healthy controls, which was consistent with the results of 
previous studies (27,29,30). These findings suggest that 

the ultrasound might perform well in diagnosing PM 
and DM. Reimers et al. (27) found that different types 
of inflammatory myopathy exhibited varying degrees 
of echo enhancement in different muscles. Through 
histopathological examination, they proposed that muscles 
with fatty infiltration have higher echo intensity than 
those muscles without fatty infiltration. By quantifying 
muscle echo intensity, Albayda et al. (30) found that the 
echo intensity of muscles in patients with inclusion body 
myositis, PM, and DM was higher than that in normal 
participants, and they proposed that muscle echo intensity 
has the ability to differentiate IIM subtypes and identify 
subclinical muscle involvement. Our study similarly 
indicated that a quantitative musculoskeletal ultrasound 
may provide more clinically useful information than 
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conventional ultrasound. 
In terms of the lower SWV measurements of muscles 

in patients with PM and DM (except for the biceps 
brachii, the differences were statistically significant), our 
results supported the validity of SWE. The pathological 
mechanisms for this included muscle fiber damage and 
surrounding environment change. Inflammation leads to 
the destruction of extracellular matrix and the increase in 
inflammatory exudates and intracellular and extracellular 
water content (23). As the disease progresses, muscle 
fibers are destroyed, which is accompanied by the loss of 
contractile properties and muscle atrophy. Alfuraih et al. (23) 
found that the more severe the muscle edema and atrophy 
shown by MRI are, the lower the muscle SWV. The fatty 
infiltration of muscle is another manifestation in the chronic 
course of IIM. Bachasson et al. (31) proposed that reduced 
muscle stiffness might be associated with increased muscle 
fat content. Rosskopf et al. (32) demonstrated that fatty 
infiltration after muscle injury can impact muscle SWV, 
but Alfuraih et al. (23) did not find a correlation between 
the muscle SWV and MRI score of fatty infiltration. 
Previous studies reported conflicting findings concerning 
the change in muscle SWV or stiffness in inflammatory 
myopathy. Alfuraih et al. (23) detected lower thigh muscle 
stiffness in patients with IIM compared with healthy 
controls using SWE. McCullough et al. (8) similarly found a 
noticeable trend of reduced muscle stiffness in patients with 
myositis using MRE. However, not all studies observed 
decreased muscle stiffness in inflammatory myopathy. 
Using strain elastography, Song et al. (22) found increased 
muscle stiffness in DM and PM. This discrepancy might 
be related to the differences in elastography modalities 
and the limitations of strain elastography. Another study 
demonstrated that transverse-orientation SWE might 
serve as an imaging biomarker for myositis diagnosis by 
displaying increased SWV values and a heterogeneous 
pattern of inflamed muscles (33). Unlike previous studies, 
the study by Kolb et al. (33) confirmed the value of 
transverse-orientation SWE in the diagnosis of myositis, 
but the limitation of their study was that the participants 
were not distinguished by the type of myositis and muscle. 
Despite the differences between our findings and those of 
previous research, our study effectively proved the value 
of SWE in evaluating PM and DM. The differences in the 
stages of inflammation and the severity of muscle damage 
might partly account for the discrepancies between studies. 
Furthermore, the dermatological lesions of DM might 
impact the propagation of shear waves through the skin 

layer to muscle, thus affecting the measurement of muscle 
SWV. Therefore, the influence of skin on muscle SWV 
and/or stiffness measurement is worth considering.

The results of the ROC curve analysis indicated that 
the performance for PM and DM diagnosis of echo 
intensity in lower-extremity proximal muscles was excellent. 
Besides distinguishing patients with IIM from the healthy 
populations, quantified muscle echo intensity was also 
found to be useful in assessing disease activity, monitoring 
disease course, and reflecting treatment response 
(34,35). A significant correlation was found between 
muscle echo intensity and clinical indicators in juvenile  
dermatomyositis (34). The thickness of most of the 
investigated muscles exhibited moderate diagnostic 
performance in our study, which also supports the validity 
of using ultrasound imaging in cases of PM and DM. The 
SWV of the vastus lateralis showed stable performance. 
Alfuraih et al. (23) concluded that the thigh muscle SWV 
had a strong diagnostic performance for IIM, but the 
performance of the biceps brachii was not much better 
than random chance. Overall, the diagnostic performance 
of lower-extremity proximal muscles for PM and DM 
tends to be higher than that of upper-extremity proximal 
muscles, which might be explained by the different muscle 
involvement degrees. Therefore, our study proposed 
that the lower-extremity proximal muscles might be 
more valuable in the research and diagnosis of PM and 
DM. However, multiple muscles should be evaluated 
with ultrasound imaging because of the heterogeneity 
of myopathy and the variation between individuals. The 
combination of echo intensity, thickness, and SWV showed 
strong diagnostic performance in this study, but the AUC 
values did not improve significantly. As a result, the extent 
to which the combination of these indicators can improve 
diagnostic performance remains to be explored.

Significant reduction in muscle thickness in the chronic 
stage indicated a decrease in muscle mass, suggesting 
muscle atrophy. Increased echo intensity and changes in 
SWV in the acute and chronic stages reflected changes in 
muscle properties resulting from muscle edema, muscle 
fiber destruction, and fatty infiltration. Fatty infiltration 
increases with IIM disease duration (5,36), which may 
partly explain why the echo intensity in the chronic 
stage is higher than that in the acute stage. Differences 
in muscle thickness, echo intensity, and SWV between 
the acute and chronic stage groups suggested differences 
in the changes of muscles related to disease progression 
and duration prolongation. This indicated that PM and 
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DM patients might have different clinical symptoms 
and manifestations at different disease stages. Further 
research on the relationship between muscle ultrasound 
performance and clinical indicators will clarify the utility 
of ultrasonography in evaluating PM and DM.

Several methodological challenges need to be addressed. 
In anisotropic tissues, such as muscles and tendons, the 
exact relationship between Young’s modulus and SWV 
remains unclear. Under pathological conditions, muscle 
heterogeneity tends to be more prominent. Thus, our study 
reported SWV rather than elasticity or stiffness. In addition, 
only the longitudinal-orientation SWV of muscle was 
measured. Which orientation—transverse or longitudinal—
better reflects the muscle properties in inflammatory 
myopathy is still inconclusive. Combining these two 
imaging methods may prove useful, as they presumably 
reflect different aspects of muscle abnormalities. Despite 
the lack of standardized scoring systems and validation in 
IIM, HFUS and SWE showed validity compared to other 
outcome measurements.

Despite our best efforts to standardize the research 
process, this study still  had limitations. First, the 
measurements of thickness, echo intensity, and SWV could 
not distinguish between factors that might contribute to 
the changes in muscle properties, such as muscle fiber 
damage or extracellular matrix changes. Correlating 
ultrasound with MRI and histopathology may allow for 
the elucidation of the exact nature of the changes seen on 
ultrasound images. Second, this study did not investigate 
the relationship between muscle SWV values and the 
severity of muscle damage, which is one of the most 
relevant potential applications of SWE in IIM. Third, the 
lack of inclusion of children was also a limitation of this 
study since DM has a peak incidence in children. Finally, 
disease activity and treatment were expected to influence 
the measurement value. Grouping participants according 
to these conditions may make the study more robust. 
Current and future studies of our group aim to address 
these limitations.

Conclusions

Patients with PM and DM showed thinner muscle thickness, 
higher muscle echo intensity, and lower muscle SWV 
compared with matched healthy controls. By combining 
HFUS with SWE, the diseased muscles of patients with PM 
and DM could be assessed comprehensively in a muscle-
specific, noninvasive, efficient, and quantitative manner.
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Table S1 Comparison of muscle thickness, echo intensity, and SWV between patients with PM or DM and healthy controls

PM and DM Healthy controls P value*

Thickness (mm)

Deltoid 19.75 (17.55, 21.30) 23.00 (20.50, 25.30) <0.001

Biceps brachii 20.45 (16.68, 23.40) 22.80 (19.70, 23.60) <0.001

Rectus femoris 18.40 (16.60, 19.70) 20.20 (18.80, 21.00) <0.001

Vastus lateralis 20.00 (16.90, 23.00) 22.80 (20.20, 25.00) <0.001

Echo intensity

Deltoid 57.8 (49.1, 71.9) 42.0 (38.7, 47.3) <0.001

Biceps brachii 98.8 (81.9, 112.7) 69.8 (64.9, 79.2) <0.001

Rectus femoris 94.2 (83.4, 105.2) 68.8 (64.4, 76.4) <0.001

Vastus lateralis 88.9 (76.3, 99.9) 59.3 (53.4, 66.2) <0.001

SWV (m/s)

Deltoid 2.47 (2.23, 2.67) 2.57 (2.40, 2.68) <0.01

Biceps brachii 3.60 (3.23, 4.37) 3.67 (3.42, 3.93) 0.840

Rectus femoris 1.73 (1.50, 1.93) 1.87 (1.80, 1.93) <0.001

Vastus lateralis 1.57 (1.43, 1.73) 1.77 (1.67, 1.87) <0.001

Date are shown as median (upper quartile, lower quartile). *, The difference between the 2 groups was statistically significant according to 
the Mann-Whitney test. SWV, shear wave velocity; PM, polymyositis; DM, dermatomyositis.

Table S2 Inter- and intraoperator reproducibility of the SWV measurement in the longitudinal orientation of muscle

SWV (m/s) ICC (95% CI)

Operator A1 Operator A2 Operator B Interobserver reliability Intraobserver reliability

Deltoid† 2.42 (2.20, 2.59) 2.40 (2.16, 2.53) 2.35 (2.18, 2.53) 0.964* (0.911-0.985) 0.959* (0.901-0.984)

Rectus femoris† 1.82 (1.60, 1.96) 1.80 (1.55, 1.96) 1.80 (1.51, 2.00) 0.988* (0.971-0.995) 0.974* (0.908-0.991)

*, P<0.001; †, median (upper quartile, lower quartile); SWV, shear wave velocity; ICC, intraclass correlation coefficient; CI, confidence 
interval.
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Table S3 Comparison of muscle thickness, echo intensity, and SWV between the healthy controls, the acute stage group, and the chronic stage 
group

Healthy controls Acute stage group Chronic stage group P value*

Thickness (mm)

Deltoid 23.00 (20.50, 25.30) 22.85 (20.53, 24.70) 18.10 ‡ § (16.60, 19.83) <0.01

Biceps brachii 22.80 (19.70, 23.60) 23.60† (22.80, 24.90) 17.60‡ § (15.00, 20.53) <0.01

Rectus femoris 20.20 (18.80, 21.00) 20.05 (18.70, 22.75) 17.05‡ § (15.80, 18.60) <0.01

Vastus lateralis 22.80 (20.20, 25.00) 22.55 (20.08, 23.95) 18.45‡ § (16.20, 21.63) <0.01

Echo intensity

Deltoid 42.0 (38.7, 47.3) 55.3† (42.9, 59.6) 64.3‡ § (50.0, 78.9) <0.01

Biceps brachii 69.8 (64.9, 79.2) 90.6† (78.7, 103.6) 102.9‡ § (86.7, 119.1) <0.01

Rectus femoris 68.8 (64.4, 76.4) 86.4† (79.9, 101.3) 96.2‡ § (84.7, 108.0) <0.01

Vastus lateralis 59.3 (53.4, 66.2) 85.4† (64.9, 94.7) 90.1‡ § (80.4, 105.7) <0.01

SWV (m/s)

Deltoid 2.57 (2.40, 2.68) 2.35† (2.20, 2.54) 2.52 § (2.27, 2.75) <0.01

Biceps brachii 3.67 (3.42, 3.93) 3.49 (3.20, 4.00) 3.74 (3.26, 4.56) <0.01

Rectus femoris 1.87 (1.80, 1.93) 1.69† (1.53, 1.83) 1.80 (1.50, 2.00) <0.01

Vastus lateralis 1.77 (1.67, 1.87) 1.69† (1.52, 1.83) 1.53‡ § (1.39, 1.70) <0.01

Date are shown as median (upper quartile, lower quartile). *, The difference between the 3 groups was statistically significant based on the 
Kruskal-Wallis test. The Bonferroni method was used to adjust the test levels for post hoc pairwise comparisons (A P' value less than 0.05/3 
indicated a statistically significant difference). †, ‡, § Post hoc pairwise comparisons, the difference was statistically significant, and all P'<0.01. 
†, Comparison between the healthy controls and the acute stage group; ‡, Comparison between the healthy controls and the chronic stage 
group; §, Comparison between the acute stage group and the chronic stage group. SWV, shear wave velocity.


