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"POSITION STAND”
Science and Application

OUR VISION

“MuscleHealth will be universally recognized as an essential vital sign”

OUR MISSION

“To establish MuscleHealth as the foundation of optimal health, fitness and wellness, through innovative use
of musculoskeletal ultrasound, and dependable, ethical customer support”

“MUSCLEHEALTH" DEFINITION

“The capacity of a muscle to store, generate and replenish energy”

1. WHAT DO WE DO?
0 "MUSCLESOUND® provides immediate and actionable information on MuscleHealth
2. HOW DO WE DO IT?
0 By enabling practitioners to “look inside the muscles” of their clients/patients using
musculoskeletal ultrasound
3. WHAT INFORMATION DO WE ACQUIRE?
o Our patented algorithms analyze the scanned images and provide practitioners with information
on a muscle's energy producing and structural elements. These important contributors to
MuscleHealth currently comprise:

A Muscle Size

A Muscle Quality

A Muscle Fuel

A Body Composition
INTRODUCTION

Skeletal muscle is a unique and extensive body tissue that on average makes up approximately 40% of total
body mass. While it is typically only thought of as having a physical, movement-oriented role, the skeletal
muscle system also makes important contributions to a range of crucial health related functions (Wolfe,
2006), including breathing, protein metabolism, digestion, blood circulation, immune system status, blood
glucose regulation, and overall quality of life. The health of our muscles (our “MuscleHealth”) therefore,
makes an essential contribution to wellbeing at any age and any level of fitness or mobility. This reality is the
basis of our vision for MuscleHealth to become a recognized as an essential Vital Sign in the same way that
Body Temperature, Blood pressure, Pulse and Respiratory Rate are used in current medical practice.

We are currently developing an algorithm that will begin to quantify a MuscleHealth “Index”, initially using a
combination of Muscle Quality and Muscle Size. Another important aspect of MuscleHealth is the muscle’s
capacity to produce energy, what we refer to as its “Muscle Energy Status” (MES). The major contributor to
MES is Muscle Fuel. All three of these muscle-related components (Size, Quality and Fuel) can be assessed
from the same scanned image using MuscleSound’s patented algorithms. Other contributors to
MuscleHealth, such as Pennation Angle and Fascicle Length, will be added as our research continues to
expand.

In addition, using the same image processing procedures, our software is able to assess Body Composition:
percent body fat and lean muscle mass in pounds or kilograms. While not strictly a ‘muscle measure’, Body

Composition can provide important supplementary information related to an individual's health, fitness and
wellness.
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Assessing the 4 components described above allows healthcare practitioners, coaches, or trainers to
monitor and track an individual's MuscleHealth status whether patient, athlete or somewhere in between.
This personalized information can help to guide individuals along the path of increased fitness, readiness for
exercise/training, wellbeing and optimal MuscleHealth.

CONTRIBUTORS TO MUSCLEHEALTH

Muscle Size

The thickness of a muscle as measured by ultrasound at predetermined locations, is representative of
“Muscle Size.” Research has shown that Muscle Thickness can be considered a surrogate for Muscle
Mass/Volume, particularly in the lower limbs (Abe et al., 2015). Muscle Size has been reported as an
important contributor to health and wellbeing (Wolfe, 2006), and age-related loss of muscle mass/size
(Sarcopenia) has been described as the single most frequent cause of late-life disability (Cruz-Jentoft et al.,
2010). In sports-related situations Muscle Size has been linked to greater endurance, delayed fatigue and
increased bone integrity in female collegiate runners (Roelofs et al., 2015), increased muscle strength (Hirsch
et al,, 2016), and enhanced speed and power (Delecluse, 1997). The ability to easily assess and monitor
changes in Muscle Size can provide practitioners with valuable information on the impact of any exercise or
dietary-related intervention/training protocol. The following linked articles provide more comprehensive
information on the importance and application of Muscle Size for Physical Therapy and Sports Medicine,
Fitness and Sports Performance, Health Care and Research.

Assessment of Muscle Size

A recent review (Abe et al., 2015) confirmed the validity and reliability of ultrasound measures of
muscle thickness in the lower limbs when compared with cadaver measures. Fukunaga et al., (2001)
reported that differences between ultrasound and manually measured values ranged from 0.03 (SD
0.02) cm to 0.05 (SD 0.09) cm for muscles of the upper and lower leg. Ultrasound measurements of
muscle thickness were also reported (Kawakami et al.,1993) as differing from manual (cadaver)
measurements by 0.1 cm. The authors concluded that the “precision and linearity of image
reconstruction have been confirmed.”

Muscle Quality

Increased fat depots within skeletal muscle is a determinant of Muscle Quality and are associated with
functional decline and metabolic disorders (Shaw et al., 2010). Muscle Quality is not only an important
component of healthy aging (Cruz-Jentoft et al., 2010), but has been shown to have links with sports
performance (Hirsch, 2016), overall health and quality of life (Fragala, 2015), and a range of metabolic,
orthopedic and neurological conditions commonly seen in rehab settings (Addison et al., 2014). As with
Muscle Size, the ability to easily assess and monitor changes in Muscle Quality can inform practitioners of
the impact of any exercise or dietary-related intervention/training protocol.

Assessment of Muscle Quality

In an ultrasound scan, contractile tissue (Muscle fibers) are seen as darker areas on the image, while
non-contractile tissue (Fat and connective tissue) are seen as brighter areas on the image. Muscle
Quality can therefore be assessed as a digital representation of the relative brightness/darkness of
the whole ultrasound image, referred to as “Echo intensity” or “Echogenicity”. A recent review
(Fragala et al., 2015) has reported the utility and reliability of ultrasound for assessing Muscle Quality
in this way. Other studies have also reported the validity and reliability of ultrasound to assess Echo
Intensity/Muscle Quality compared to MRI (Young et al.,2015).

Muscle Fuel

Well established research has reported that (i) glycogen stored as fuel in muscle tissue provides the main
source of energy during high intensity anaerobic exercise (ii) higher levels of pre-exercise glycogen improve
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endurance and delay fatigue (Hermansen et al., 1967) and, (iii) depletion of muscle glycogen leads to fatigue
and increased risk of muscle injury (Schlabach, 1994). Hence, assessing fuel levels in muscles can inform
practitioners of their client/patient’s level of readiness for exercise, as well as their capacity to delay fatigue
and contribute to muscle injury prevention.

Assessment of Muscle Fuel

The use of MuscleSound in assessing muscle glycogen levels by ultrasound was validated in two
clinical studies (Hill & San Millan, 2014; Nieman et al., 2015) conducted with trained cyclists during (i)
a 90-minute steady state ride at moderate-high intensity and, (ii) a 75-km time trial. The glycogen
“score” generated by MuscleSound was compared to the gold standard of muscle biopsy. Measures
were taken from the thigh muscle pre- and post-exercise. Both studies reported very high
correlations between these two measures, ranging from r = 0.81, p<0.0001 to r = 0.94, p<0.0001.

Elements of Muscle Fuel Assessment

We are able to provide 4 separate, but related, elements from analysis of our Fuel Assessment:
1. Estimated Fuel Level

2. Muscle Fuel Rating

3. Muscle Energy Status

4. Muscle Fuel Symmetry

1 Estimated Fuel Level (EFL): The level of energy (fuel) stored in a muscle at any given time. This is
made up predominantly of glycogen but also includes other constituents such as creatine, carnitine
and protein. MuscleSound uses a ‘fuel tank’ analogy for this measure and is able to provide a
continuously updated ‘percentage full’ EFL for each muscle.

1 Muscle Fuel Rating (MFR): The comparison (rating) of an individual's muscle fuel score with the
fuel scores of tens of thousands of individuals in our MuscleSound database. Comparing scores
in this way shows what the potential of a muscle fuel score may be. It also answers an important
question: “How do my muscles compare to others who have been assessed in this way?”

1 Muscle Energy Status (MES): A combined value made up of Estimated Fuel Level and Muscle
Fuel Rating. A fully fueled, well-rated muscle is at high MES status and can be the basis for
monitoring optimal levels of readiness for, as well as recovery from exercise.

1 Muscle Fuel Symmetry (MFS): The symmetry (balance) of MuscleSound scores between
contralateral muscles of the upper or lower body. Such differences have been linked to increased
injury risk and performance deficits. We use the scores to support a step by step return to full
MuscleHealth.

The following linked article provides more comprehensive information on Muscle Fuel and Muscle Energy.

Body Composition

Excess body fat has long been linked to a range of diseases including hypertension, diabetes mellitus,
cardiovascular disease as well as joint diseases such as arthritis (Booth et al.,2014). More recent research
(described above) has also reported the importance of other aspects of body composition (i.e. Muscle Size
and Quality) to health, fitness and quality of life. Body Composition is listed by the CDC as a “Health-Related”
component of physical fitness. Understanding the importance of the relative amounts and changes in
muscle and body fat, versus overall “scale” weight, is one of the most effective and meaningful ways to track
personal progress in health and fitness. The ability to easily assess and monitor changes in Body Composition
can inform physicians/practitioners of the impact of any exercise or dietary-related intervention/training
protocol. In addition, all 5 of the MuscleHealth measures described here can be assessed in the same
scanning session over a period of minutes and be stored in the cloud for later analysis. The following linked
article provides more comprehensive information on Body Composition.
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Assessment of Body Composition

A substantial body of research has confirmed the validity and reliability of ultrasound to measure
subcutaneous adipose tissue, both in athletic (Mlller et al., 2016) and non-athletic populations
ranging from lean to obese (Stérchle et al., 2017). Research has also confirmed that ultrasound
measures of body composition, across a range of athletic and non-athletic populations, are highly
correlated with other validated methods of body composition, including skinfolds (Wagner, 2013),
DEXA, BodPod and BIA (Pineau et al., 2007).

4. WHAT DO WE MEASURE AND WHY IS IT IMPORTANT?
We provide a range of unique ultrasound-derived measures (described below) that are tailored according
to the industry involved and made possible by MuscleSound’s ability to “Look inside the muscle.”

Physical Therapy
9 Start and Monitor Rehab
0 Provides previously inaccessible data to enhance recovery process
1 Conduct Comprehensive Physical
0 Monitors and tracks recovery through changes in size, quality or fuel storage capacity
1 Assess Body Composition
0 Monitors and tracks changes in body fat and lean body mass
0 Monitors and tracks changes in site specific measures
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