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Abstract

Introduction—Quantitative muscle ultrasound (QUS) in boys with Duchenne Muscular 

Dystrophy (DMD) shows increased echointensity as muscle is replaced with fat and fibrosis. 

Studies of quantitative ultrasound in infants/young boys with DMD over time have not been 

reported.

Methods—We used calibrated muscle backscatter (cMB), a reproducible measure of ultrasound 

echointensity, to quantify muscle pathology in 5 young boys with DMD (ages 0.5–2.8 years) over 

17–29 months. We compared results to repeated assessments of function (n=4) and to muscle 

ultrasound images from a cross section of 6 male controls (0.6–3.1 years).

Results—cMB in boys with DMD increased (worsened) over time (P<0.001), while function 

improved. After age 2 years, cMB in most (4 of 5) boys with DMD was higher than in any control.

Conclusions—QUS measures disease progression in young boys with DMD despite functional 

improvements. QUS could be employed as an outcome measure for serial assessment of young 

boys with DMD.
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Introduction

Duchenne Muscular Dystrophy (DMD) is a common, severe, progressive, X-linked 

neuromuscular disease caused by mutations in the dystrophin gene. Pathologically, DMD is 

characterized by replacement of muscle with fat and fibrotic tissue. Progressive weakness 

results in loss of ambulation in the late first or early second decade, and death ultimately 

ensues from respiratory impairment or cardiac dysfunction1. Disease progression is typically 

assessed using measures of function and strength, such as the 6-minute walk test or 

dynamometry2. These measures require cooperative, ambulatory boys and exclude very 

young or older non-ambulatory boys from most therapeutic clinical trials. In infants and 

young boys with DMD, interpretations of functional outcomes over time are also 
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complicated by maturational improvements in strength and function3,4. These absolute gains 

in function in very young boys with DMD require normalization to typical peer development 

to detect disease progression. One measure standardized for typical development, the 

Bayley-III Scales of Infant Development (Bayley-III), can reliably demonstrate both 

deviations from peer norms and decline over time in young boys with DMD5,6. The Bayley-

III, however, is validated only to age 42 months, limiting its applicability in older children. 

Objective, reliable measures of disease pathology that are appropriate for infants, young 

boys, and older boys with DMD are needed to improve the assessment and inclusion of these 

boys in clinical trials.

Quantitative muscle ultrasound (QUS) is a promising tool for measuring muscle pathology 

in DMD that is well suited for evaluation of infants and older children, as it is painless and 

can be performed at the bedside. Muscle echointensity increases (muscle appears brighter) 

as muscle is replaced with fat and fibrosis7–9. The amount of echointensity can be 

quantified, and the estimated amplitudes of the ultrasound echoes reflected back from the 

tissue (backscatter) can be determined. Comparison to an external reference allows for 

calculation of the calibrated muscle backscatter (cMB)10, which can be measured reliably 

between different ultrasound systems11. QUS can be performed and analyzed reliably by 

trained evaluators12 and objectively quantifies the presence and degree of muscle pathology 

in DMD. Prior studies of QUS in DMD have shown that muscle echointensity increases with 

more advanced disease and age, with worsening strength and function, and across time13–15. 

Most prior studies of muscle ultrasound in DMD report boys older than age 3 years16–18. 

QUS over time has not been studied specifically in infants and young boys with DMD. This 

longitudinal study describes the features of QUS in infants and young boys with DMD 

compared to repeated measures of motor function and to QUS from normal muscle in a 

cross section of controls.

Methods

The Washington University Human Resources Protection Office approved this study, and 

informed consent was obtained by a parent/guardian for all subjects prior to enrollment.

Participants

DMD—Five boys with DMD, ages 0.5–2.8 years, were enrolled from the neuromuscular 

clinic at Washington University in St. Louis. Each had genetic mutations in the dystrophin 

gene and clinical features consistent with DMD, such as hypotonia, proximal weakness, high 

creatine kinase, and positive family history. At the time of enrollment, no boys were taking 

steroids. One, subject 3, started prednisolone 10mg/kg divided twice weekly, after visit 4 of 

5.

Controls—For comparison, we also reviewed ultrasound images of healthy biceps brachii 

and rectus femoris of unaffected arms/legs of 6 boys, ages 0.6–3.1 years, with unilateral 

brachial palsy affecting the opposite arm.
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Assessments

Functional Assessments—Functional assessments were performed in 4 of the 5 DMD 

subjects5 concurrent with the ultrasound imaging. Subjects 1–4 with DMD were evaluated 

using the Bayley-III Scales of Infant Development-Third Edition (Bayley-III) gross motor 

scaled score (typically developing mean = 10 ± 3), the North Star Ambulatory Assessment 

Sum score (NSAA, maximum score 34), and the Hammersmith Functional Motor Scale sum 

score (maximum score 66). All clinical assessments were performed by a trained clinical 

evaluator (BCM). The Bayley-III is validated in children through age 42 months and was 

only performed in boys up to that age. Subject 5 did not undergo clinical assessments.

Ultrasound—All images were obtained in the transverse plane using a Philips iu22 

ultrasound system and L12-5 linear probe by either CMZ or an ultrasound technician trained 

by CMZ. All system and imaging settings were held constant for all subjects and visits. Each 

boy with DMD underwent ultrasound imaging of the right elbow flexors (biceps brachii and 

brachialis), forearm finger/wrist flexors, rectus femoris, and tibialis anterior muscles. Boys 

with DMD were seated or held in a parent’s arms. The boy’s arm was held extended and 

supported by a pillow and knee slightly bent, with the ankle in neutral position. Controls had 

imaging performed on healthy unilateral biceps brachii and rectus femoris muscle while they 

were held by parents or were supine with arms and legs extended passively. Muscle grey 

scale levels (GSLs) were measured by CMZ using QLAB ® from a region of interest of the 

muscle drawn from the superficial fascia to the deep fascia or bone. Calibrated muscle 

backscatter decibel levels (cMB) were calculated in 2 steps as in prior studies. First, the 

measured GSLs were converted to backscatter (decibels) using a previously identified 

conversion factor (4.54 GSL/dB) for the ultrasound settings used in this study11. Second, 

muscle backscatter was calibrated to a reference phantom by subtracting the backscatter 

measured from a 5cm deep image of the phantom10,13. Average cMB was defined as the 

average cMB of the elbow flexors, forearm flexors, rectus femoris, and tibialis anterior and 

was calculated for each subject with DMD.

Timing and Frequency of Assessments (Table 1): Subjects 1–4 underwent repeat 

assessments every 6 months over 2 years as part of their participation in a separate study of 

outcomes in young boys with DMD5. Subjects 1 and 4 missed a single ultrasound 

assessment at visit 3 of 5. Subject 2 had an additional initial ultrasound assessment at age 

0.8 years without a paired clinical assessment. Subject 5, age 0.5 years at enrollment, had 3 

repeat ultrasound assessments at ages 0.5, 1, and 2 years without paired clinical assessments.

Statistics

Statistics were performed with PASW® Statistics GradPack 18 and Microsoft Excel® and 

are reported as median (range) unless otherwise specified. Group comparisons were 

performed using the Mann-Whitney-U test. Correlation was performed using the Spearman 

rho. The slope describing the rate of change in average cMB over time was determined for 

each subject with DMD.
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Results

Changes over time in boys with DMD

In boys with DMD, average cMB worsened (increased), and function improved over time 

(Figure 1). cMB increased over time in both proximal and distal muscles (Figure 2). Average 

cMB was higher [4.0 (1.5 – 6.5) dB] in all 5 boys with DMD at the final visit compared to 

baseline (Table 2) and increased by 2.3 (1.0 – 3.8) dB/year. In contrast, most boys with 

DMD showed improved function across time. Function improved in 3 of 4 boys on the 

NSAA [5.5 (−1 – 7)] and in all 4 boys on the Hammersmith [14 (4 – 15)] at the final visit 

compared to the baseline (Table 2). All boys showed reduced gross motor function 

compared to peers at baseline on the Bayley-III (normal 10 ± 3). Gross motor scaled scores 

on the Bayley-III improved in 2 boys at the final visit compared to baseline (Table 2). Two 

boys (subjects 1 and 3) became too old (>42 months) for the standardized Bayley III 

assessment during the study. One boy (subject 2) was too young to participate in the NSAA 

at the first functional assessment. Subject 3 had lower average cMB and higher function 

compared to the other boys with DMD at similar ages (Figure 1).

Comparison between DMD and Controls

Boys with DMD at enrollment were of similar age to controls [1.4y (0.5–2.9) vs. 1.4y (0.6–

3.1), P=0.6]. In controls, cMB of the elbow flexors was −2.4 (−3.4 – −1) and of the rectus 

femoris was 0 (−1.7 – 1.2) dB. Neither varied with age (rs≤0.1, P≥0.8). In DMD boys, cMB 

of both the elbow flexors and rectus femoris was similar to controls at baseline (P ≥ 0.1) but 

higher than controls at the final assessment (P ≤ 0.02, Figure 2). The 2 subjects with DMD 

imaged before age 1 year (subjects 2 and 5) had normal cMB from the biceps brachii, and 1 

(subject 2) also had normal cMB from the rectus femoris. At the final assessment, cMB in 

boys with DMD (ages 2–4.8 years) was higher than the highest control in 4 of 5 from the 

elbow flexors and 5 of 5 from the rectus femoris.

Discussion

We show that in the first 4 years of life, boys with DMD already show increased muscle 

echointensity compared to controls and that it increases over time. Muscle echointensity 

becomes increasingly abnormal during the first years of life in most boys with DMD. We 

found that average cMB increased 2.3 (1.0 – 3.8) dB/ year in young boys with DMD, which 

clearly distinguishes them from healthy infants and children. This increase in muscle 

echointensity likely reflects increasing levels of fat and fibrosis in the dystrophic muscle 

with increasing age.

The transition to abnormal appearing muscle detected using ultrasound occurs in the first 

years of life and suggests a need for early therapeutic intervention in boys with DMD. Both 

of the infants in our study had normal cMB of the biceps brachii and, in 1, of the rectus 

femoris prior to age 1 year. These findings are similar to the few previously reported QUS 

findings of normal or borderline echointensity in 3 infants with DMD, ages 3.5 weeks and 7 

and 9 months13,16. It is unlikely that the increased echointensity we measured in cMB in 

young boys with DMD over time is due to normal aging. A longitudinal study of healthy 
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children found that muscle echointensity remained essentially unchanged (~1% change/year) 

with age19. Our control subjects also demonstrated no significant increase across age. The 

increase in cMB we found in DMD boys in this study is higher than predicted in a prior 

cross sectional study of the elbow flexor muscles of boys and young men with DMD that 

estimated an increase of 0.8dB/year in cMB. The present study differs in that this study is 

longitudinal, only 5 very young boys with DMD were included, and older boys and young 

men were not included.

QUS in DMD detects the worsening muscle pathology over time despite improvements in 

motor function during early childhood development. We found that in young children with 

DMD, muscle echointensity worsens, but function improves over this early age period. This 

differs from boys with DMD who are over age 7 or 8 who typically show worsening of 

muscle echointensity, strength, and function over time15. Most young boys with DMD in our 

study showed improving motor function over time when measured using the NSAA or 

Hammersmith, which are not standardized for typical development. Functional impairment 

and decline in very young boys with DMD are better demonstrated when outcomes are 

normalized for typical peer development5,6,20. Unlike functional based measures, muscle 

echointensity changes very little with age in healthy children19 and therefore does not 

require maturational normative data to detect disease progression with age.

QUS is feasible in infants and older boys and men with DMD and can be performed 

regardless of the boy’s age or ability to cooperate13, allowing for serial assessments across 

time. No functional outcome measure is feasible in DMD across all ages and abilities2,21. In 

our study, 2 boys became too old for normative assessments using the Bayley-III, and 1 was 

too young to participate in the NSAA. Similarly, many functional assessments are often not 

feasible in non-ambulatory boys and men with DMD. Repeated assessments over time using 

QUS in non-ambulatory boys and men with DMD is feasible15 and requires further study to 

determine how echointensity changes over time in those with more severe, advanced disease.

Both ultrasound and magnetic resonance imaging (MRI) have been used to quantify 

progressive muscle pathology in older (ages 3.7 years and older), mostly ambulatory boys 

with DMD15,22,23. Ultrasound offers some advantage to MRI for visualizing muscle 

pathology in boys and men with DMD, as it can detect intramuscular fibrosis and can be 

performed at the bedside. Unlike ultrasound, MRI visualizes both superficial and deep 

tissues equally and can employ different imaging protocols to preferentially detect specific 

tissue characertics such as fluid or fat. In facioscapulohumeral muscular dystrophy, QUS 

measures of echointensity strongly correlated with quantitative MRI measures of muscle fat 

content24. Additional studies are needed to determine whether QUS, MRI, or functional 

outcomes best detect a treatment effect in DMD.

In conclusion, this study shows that QUS is feasible in infants and very young boys with 

DMD and detects the relentless progression of this disease despite the functional gains made 

during early development. This study, combined with the prior longitudinal study of QUS in 

older children with DMD15, shows that QUS can be used to objectively measure disease 

progression from the first years of life through the early teenage years in children with 

DMD.
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Figure 1. 
Average muscle cMB and function over time in boys with Duchenne Muscular Dystrophy: 

In young boys with Duchenne muscular dystrophy, average cMB worsens (increases) over 

time (A). The Bayley III gross motor function scaled sum score, which is relative to peer 

norms, showed reduced function compared to peer norms without a clear trend over time 

(B). In contrast, the North Star ambulatory assessment (C) and Hammersmith functional 

motor scale (D), both measures of absolute function, showed improvement over time.
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Figure 2. 
cMB in boys with DMD is higher than controls at young ages and increases in both 

proximal and distal muscles over time: cMB in the rectus femoris (A) and elbow flexors (B) 

is higher in most boys with DMD than in controls, even at very young ages. In boys with 

DMD, cMB in both proximal (A and B) and distal (C and D) muscles increased over time.
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