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ABSTRACT

Background: Bioimpedance myography is a useful nontraumatic, simple
technique that assists in determining muscle mass and is increasingly
used to assess muscle atrophy and disease progression. Studies indicate
the results are reproducible and show strong correlation with DEXA scans
and muscle ultrasound. This technique employs high-frequency, low-
intensity electrical stimulation to measure the reactance and resistance
of tissue, thereby determining muscle mass.

Methods: We conducted tests on forty-one normal subjects as well as
patients with various neuromuscular diseases.

Results: Our study established normal values with variability less than
0.5%, providing examples of several disorders where decreased muscle
mass was apparent in patients experiencing atrophy and weakness across
different regions of the body. In conclusion, bioimpedance myography is
a reliable, non-invasive method for assessing muscle mass, showing
strong correlation with DEXA scans. It effectively identifies reduced
muscle mass in neuromuscular diseases, aiding clinical evaluations and
progression monitoring.
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Introduction:

Understanding muscle mass is important for
assessing the impact of exercise in athletes and in
monitoring neuromuscular diseases and sarcopenia.-*)
Accurate measurement not only aids in evaluating
disease progression but also in gauging treatment
responses. Among various techniques, electrical
bioimpedance myography stands out as a simple,
non-invasive method that effectively measures
muscle mass.” By applying high frequency, low
intensity currents to the skin, this technique allows
currents to penetrate the muscle tissue. The
resulting responses are recorded using surface
electrodes Providing data on resistance and
reactance.’® Resistance reflects changes related to
the surrounding tissue such as water, fat, and
connective tissue, while reactance provides insights
into muscle fiber properties. Thecorrelation between
these parameters facilitates precise calculations of
both regional and total muscle mass across different
regional areas.”®

Electrical bioimpedance myography results correlate
well with DEXA scan and ultrasound to determine
the muscle mass!® in sarcopenia.®”) This technique
has been appliedinvarious neuromuscular diseases,
with pioneering studies initiated by Rutkove SB.??
It has also been extensively studied in axonal
disorders such as ALS,'9 spinal muscular atrophy,
muscular dystrophy,“®? and nerve radiculopathies™.
Additionally, it has been shown to help determine
disease progression.®:'213) Studies have) found the
technique to be quite easy and the results to be
reproducible.(141%

Different methods of bioelectric myography use
either total body measurements or focus on
individual muscle areas. The drawback of total
body measurement is its inability to account for
segmental atrophy'®, whereas individual muscle
testing can be time consuming and fails to provide
comprehensive total body results. This paper aims
to study segmental bioimpedance myography,
revealing those clinical findings of atrophy and
wasting correlate well with decreased muscle mass
as measured by bioimpedance.

Materials and Methods

We studied segmental bioimpedance myography
using the FDA-approved Quantum RJL analyzer to
determine muscle mass using eight electrodes. We

assessed forty-one normal subjects and retested
them on another day with the same examiner to
evaluate variability. Additionally, we applied this
technique to determine the characteristics of
muscle atrophy and various disorders associated
with decreased muscle mass through case
examples, illustrating the correlation between
clinical findingsand measured decreases in muscle
mass by bioimpedance. The Ethics Committee of
the University of Tennessee Health Science Center
approved this study.

Normal subjects included forty-one controls, which
were tested and retested at different times by the
same investigator to determine variability. Patients
included four adults with familial spinal muscular
atrophy, a patient with slowly progressive non-
SMN | mutation spinal muscular atrophy affecting
only the legs, one patient with amyotrophic lateral
sclerosis, one patient with limb-girdle muscular
dystrophy 2B, one patient with adult-onset Pompe
disease, one patient with inclusion body myositis,
one patient with distal muscular dystrophy, and
one patient with myotonic dystrophy.

We assessed changes in the right and left upper
and lower extremities, alongside measurements of
the torso and total body. Given the limited number
of cases available, statistical analysis was not
performed; however, we provided illustrative
examples that clearly demonstrated segmental
atrophy corresponding to decreased muscle mass.

Results

We determined the normal values for each body
segment as well as total body mass. We measured
reactance, resistance, and calculated the phase,
which corresponds to the muscle mass.
Additionally, we reported the ratio of total muscle
mass versus no muscle mass to establish normal
muscle mass values for various segments of the
body (Table shows the means and standard
deviations from the forty-one control subjects and
the results from the seven reported cases).

We found the variability among normal subjects
was less than 0.5%. Further, we also discovered the
technique to be quite easy to perform, taking less
than 10 minutes per patient, and was nonpainful
and comfortable.
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Table 1: Segmental Bioimpedence (RMM/NMM ratio) for Controls (Mean, SD, and 5™ percentile) and Cases

Control Cases

Measure Mean SD 5% Percentile 1 2 3 4 5 6 7

Left Arm 0.82 0.13 0.67 0.47 | 0.30 | 0.65| 0.40 | 0.64 | 0.41 | 0.67
LeftLeg 1.03 0.17 0.78 1.03 | 0.38 | 097 | 0.37 | 0.75 | 0.37 | 0.36
Right Arm 0.94 0.12 0.80 0.78 |1 0.47 | 0.78 | 0.39 | 0.84 | 0.58 | 0.90
Right Leg 0.90 0.17 0.65 099 | 0.26 | 0.79 | 0.21 | 0.59 | 0.20 | 0.24
Left Torso 0.79 0.14 0.61 0.44 | 0.21 | 0.67 | 0.27 | 0.54 | 0.31 | 0.45
Right Torso 0.85 0.13 0.68 0.73 | 0.31 | 0.67 | 0.26 | 0.66 | 0.38 | 0.55

Numbers in bold are less than the 5™ percentile for the body region

We observed that patients with prominent lower
extremity atrophy and weakness had decreased
muscle mass, while those with prominent upper
extremity wasting also had decreased muscle mass
in these areas. However, we did not assess the
progression of the disease or differentiate
between proximal and distal limb findings.

Case Examples

Case #1 was a 63-year-old man with bibrachial
diplegia form of ALS with very prominent atrophy
and decreased muscle mass in the upper
extremities, and minimal involvement of the legs.
There was also decreased muscle mass in the
torso. Bioimpedance demonstrated the atrophy in
the arm and lefttorso (Table).

Case #2 was a 48-year-old man with familial spinal
muscular atrophy type 4, who demonstrated
profound weakness in the lower extremities and
decreased muscle mass in the torso. There was
mild-to-moderate weakness and atrophy in the
arms, with mildly decreased muscle mass.
Bioimpedance demonstrated muscle loss in both
arms, legs, and torso (Table).

Case #3 was a 60-year-old man with classical ALS
who had weakness and atrophy in the arms and
legs, along with hyperreflexia. He had decreased
muscle mass, primarily in the arms and torso. The
bioimpedance was consistent with these findings
(Table).

Case #4 was a 72-year-old man with inclusion body
myositis exhibited prominent weakness and
atrophy in the legs, more prominent decreased
mass in the right leg. He also had decreased
muscle mass in the torso. The bioimpedance found
decreased muscle mass in all areas (Table).

Case #5 was a 76-year-old female with adult-onset
Pompe disease. She exhibited moderate proximal
wasting and weakness in the arms and legs, along
with decreased muscle mass in the arms and legs,
and torso. The bioimpedance found decreased
mass in all areas except the right arm (Table).

Case #6 was a 25-year-old female with limb-girdle
muscular dystrophy type 2b. She exhibited
weaknesses and atrophy more severe in the legs,
with decreased muscle mass more profoundly in
the legs and torso. The bioimpedance found
decreased muscle mass in all areas (Table).

Case #7 was a 45-year-old man with quadriceps-
sparing distal muscular dystrophy. The patient
exhibited severe weakness and atrophy in the distal
legs, withmore pronounced decreased muscle mass
in the legs and torso. The bioimpedance found
decreased muscle mass in all areas except the right
arm (Table). The bioimpedance test did not
differentiate between proximaland distal weakness.

Discussion:

Our study demonstrated that bioimpedance
myography (BIM) is easy to perform, safe, with
results that were reproducible with a variability of
0.5% in test-retest scenarios. In clinical practice,
there is a need for objective parameters to monitor
disease progression and response to treatment.

SIMPLICITY AND SAFETY

Bioimpedance myography is characterized by its
simplicity and non-invasive nature. The procedure
involves placing electrodes on the skin surface,
making it easy to use without causing discomfort
to the patient. This aspect is particularly beneficial
in clinical settings where patient comfort and
safety are essential.
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REPRODUCIBILITY OF RESULTS

In our study, we observed reproducibility with a
variability of 0.5% in test-retest scenarios. This
level of consistency ensures that clinicians can
utilize BIM for accurate monitoring over a period
of time, making it a reliable tool for tracking
disease progression or response to treatment.

CLINICALRELEVANCE IN NEUROMUSCULARDISEASES
One of the advantages of BIM isits ability to provide
objective parameters for evaluating neuromuscular
diseases. Traditional methods often rely heavily on
subjective assessments, which can vary between
practitioners. BIM offers quantifiable data on
muscle mass and atrophy, providing clinicians with
precise information about the extent and location
of muscle loss. Our findings demonstrated that
patients with segmental areas of muscle loss
experienced decreased muscle mass in those
regions. These results were consistent with
classical clinical observations but provided
additional quantitative insights necessary for
informed medical decision-making.

COMPARISON WITH OTHER TECHNIQUES
When compared to other techniques like DEXA
(Dual-Energy X-ray Absorptiometry) and ultrasound,
bioimpedance  myography  proves  more
straightforward, cost-effective, and less time-
consuming. Unlike DEXA scans which require
specialized equipment and personnel, BIM can be
performed quickly with minimal training. This
makes it accessible for a wider range of clinical
settings. Additionally, the equipment needed for
BIM is relatively inexpensive compared to DEXA
machines, allowing for more frequent monitoring
without an excessive financial burden. The quick
setup and measurement process make BIM
suitable forroutine clinical use without significantly
adding to consultation times. This efficiency
benefits both patients and healthcare providers by
streamlining the diagnostic process.

Conclusion

Given these advantages—ease of use, safety,
reproducibility, clinical relevance in neuromuscular
diseases, simplicity comparedto other techniques—
we recommend considering the integration of
segmental bioimpedance myography into routine
clinical practice for monitoring neuromuscular
diseases.
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