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A  out the Study
Duchenne muscular dystrophy (DMD) is an inherited X-linked

recessive disorder affecting approximately 1 in 3500-5000 live male
births. This disorder is caused by a mutation in the dystrophin gene
and is characterized by muscle wasting and weakness, with early
childhood onset that progresses to patients being unable to walk and
becoming wheelchair bound by the second decade of life. Till date,
there has been no effective therapy for DMD. However, many
promising genetic strategies have emerged as potential therapies [1,2],
including viral delivery of microdystrophin genes, stop-codon read
through, and exon-skipping with antisense oligonucleotides, with
several treatments currently entering clinical trials. Therefore, there is
a pressing need for methods capable of frequently and easily assessing
disease progression and treatment efficacy.

Bioelectrical impedance analysis (BIA) is used for the estimation of
skeletal muscle mass in healthy populations [3]. It can be classified
into single-frequency BIA and multi-frequency BIA (MBIA). The
body’s impedance depends upon the frequency of the alternating
current applied. The impedance of an applied low-frequency current
primarily reflects extracellular water (ECW), whereas the impedance
of an applied high-frequency current reflects the total tissue water
(TTW) [4,5]. Yamada et al. showed that MBIA was superior to single-
frequency BIA for assessing skeletal muscle mass in elderly patients
[4]. McDonald et al. reported high correlations between whole-body
MBIA and dual-energy Xray absorptiometry in assessing the body
composition of DMD patients [6].

We previously proposed the muscle density index (MDI) to be a
novel index of BIA and demonstrated that it could accurately represent
muscle development and muscle mass increases in healthy children
[7]. The MDI can be calculated according to the following equation:

impedance at 5 kHz and 250 kHz, respectively. MDI is believed to
reflect the ratio of intracellular water (ICW) to TTW.

In our article titled, “Assessment of muscle involvement in
patients with Duchenne muscular dystrophy via segmental
multifrequency bioelectrical analysis” [8], we investigated the
usefulness of segmental MBIA to assess muscle involvement in DMD
patients. Bioelectrical impedance data of the upper arm, thigh, and
lower leg were obtained from 29 boys with DMD and 41 healthy
control subjects over a wide range of ages from infancy to the middle
teen years. We obtained the following main findings from that study:

1. The MDI was lower in boys with DMD relative to the controls,
with older DMD patients exhibiting a significant decrease in MDI.

2. The MDI of a patient’s thighs was significantly correlated with
the percent muscle volume index, as measured by computed
tomography.

3. MDI values for the upper arm, thigh, and lower leg were all
significantly correlated with the Brooke and Vignos functional scales.

4. MDI was significantly greater in the glucocorticoid (GC)-treated
group than in the untreated group in all regions.

Studies have shown that BIA values are altered in DMD [5,9]. The
impedance of the tissue is affected by changes in the structure and
composition of muscle, including muscle hypertrophy or atrophy,
edema, inflammation, and replacement of muscle cells by fat and
connective tissue. The results presented here are consistent with those
of previous studies that demonstrated a significant increase in the
ECW:ICW ratio in DMD relative to that in healthy children [5,6]. The
MDI of healthy children showed a significant increase with increasing
age, indicative of normal muscle growth and maturation. In contrast,
the MDI of DMD patients showed a significant decrease with
increasing age. However, the study used a cross-sectional design.
Therefore, further longitudinal studies with serial examination would
be needed to follow the changes in muscles because of DMD
progression.

In this study, we measured bioelectrical impedance of segmental
muscle instead of whole-body measurements. The severity and rate of
progression of muscle involvement in DMD varies from site to site.
Muscle weakness first becomes apparent in proximal muscles of the
lower extremities and then spreads to distal muscles and the upper
extremities. Segmental measurement makes it possible to directly
evaluate the regional muscle involvement in detail. Particularly,
because there has been a paucity of tools that can assess upper limb
muscles in DMD, segmental MBIA will be useful for assessing
muscle involvement of the upper limbs. Recently, electrical impedance
myography (EIM) has been used to assess localized muscle [9]. There
remains an important distinction between EIM and the technique
described here in terms of the size of the area of interest.

GC medications have a beneficial effect on muscle strength and
function in DMD [10,11]. The present study included both patients
with and without GC treatment. The authors were able to identify a
visual difference between the groups that was indicative of a
difference in MDI between the DMD patients treated with GCs and
those not treated with GCs. Segmental MBIA may offer an improved
method for determining the efficacy of GC treatment.

A significant limitation of this study was the lack of a direct
comparison between segmental MBIA and magnetic resonance
imaging (MRI) findings. MRI is sensitive to disease progression and
optimal for quantifying muscle pathology in DMD [12,13].
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MDI=1-Z 250 /Z5 ,

where  Z  is  impedance  in  ohms  and  Z 5   and  Z 250  represent
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The degrees of fibro-fatty change and edema or inflammation in the
skeletal muscle of DMD have been shown by improved imaging
techniques, such as Dixon and MR spectroscopy. Studies comparing
BIA with muscle characteristics measured by MRI would make it
possible to determine which tissue characteristics most affect BIA
measurements.

Segmental MBIA is an inexpensive, easy to use, non-invasive
measurement tool. Examination by MBIA was well-tolerated, even by
boys under 5 years of age. Moreover, MBIA can be performed
repeatedly at short intervals because of its portability and convenient
setup. Our results suggest that segmental MBIA could serve as an
outcome measure in DMD.
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