Clinical and Biophysical Efficacy of Olav
Skille's Original Vibroacoustic Therapy
in Osteoporosis and Bone Density
Rehabilitation

Historical Genesis and Evolution of Olav Skille's
Vibroacoustic Therapy

Vibroacoustic Therapy (VAT) was developed in Norway in the late 1960s and early 1980s by the
psychologist, therapist, and musician Olav Skille." Skille’s initial exploration began in 1968 with
the creation of the Musical Behavior Scale (MUBS), a nonverbal screening instrument designed
to evaluate sensory, motor, and psychological parameters in children with severe developmental
and cognitive disabilities.® Through close observation of how physical sound waves interacted
with these patients, Skille and his collaborator Juliette Alvin recognized that audible music could
elicit profound physiological changes that surpassed mere emotional or psychological
responses.® This realization led Skille to isolate pure, low-frequency sinusoidal sound waves
and apply them directly to the human body, officially launching the clinical discipline of
Vibroacoustic Therapy in 1980.*

By 1982, Skille established the precise technical definition of VAT as the therapeutic application

of low-frequency sinusoidal sound waves—constrained within the range of 30 H: to 120 Hz
—delivered in tandem with specially composed, rhythmically neutral music.® In 1987, Skille
published his first seminal paper documenting the multi-center clinical efficacy of VAT across
Germany, Finland, and England, demonstrating its utility in treating muscle spasms, spasticity in
cerebral palsy, asthma, and chronic pain.*

A critical distinction must be maintained between original Vibroacoustic Therapy and
"vibroacoustic music" (VAM).* VAM typically involves streaming commercial music overlaid with
a generic low-frequency hum.* Conversely, the original Skille method, which forms the bedrock
of modern clinical VAT, relies strictly on single, mathematically precise sinusoidal waves.* Pure
sine waves contain no overtones, harmonic distortions, or acoustic transients, allowing them to
target specific tissues without inducing sensory fatigue or neural noise.*

Throughout his career, which spanned over 30,000 hours of documented clinical studies, Skille
researched the specific therapeutic windows of different frequencies.® This legacy of clinical
inquiry is preserved and advanced in North America by TheSoundWell, under the leadership of
CEO Avigaili Berg, who was personally trained by Olav Skille.* TheSoundWell systems utilize
Skille's original therapeutic frequencies, integrating his clinical methods with modern tactile



sound technology to address chronic musculoskeletal, vascular, and neurological disorders.™

Biophysical Foundations of Low-Frequency Sound
and Human Tissue Interaction

The therapeutic efficacy of Vibroacoustic Therapy is rooted in the physics of acoustic
propagation through liquid media.* Because the human body is composed of approximately
60% to 70% water, it acts as an exceptional conductor of acoustic waves.* Acoustic waves
travel approximately five times faster and with significantly less attenuation through human soft
tissue and bone than through air.* This tissue conductivity is governed by the classical wave
equation:

v=7pf-A

1500 m/s ), f

where v is the velocity of sound in human tissue (approximately is the
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frequency of the wave, and A is the wavelength.* pure sine wave applied directly to

the body produces a wavelength of approximately 37.5 meters 4

This long wavelength allows the acoustic energy to easily bypass superficial epidermal and
fascial resistance, penetrating deep into the visceral organs, nervous system, and skeletal
structures.* This deep penetration creates a phenomenon known as sympathetic resonance,
wherein the physical tissues of the body vibrate in harmony with the external acoustic stimulus,
acting as a deep cellular-level massage.*

The physical transfer of this acoustic energy from digital files to the human skeleton requires
specialized hardware.” TheSoundWell equipment, including the Vibroacoustic Therapy Vibrating
Mat, utilizes six electromagnetic transducers embedded within high-density, acoustically
receptive foam.* These transducers act as specialized speakers that convert the electrical
output of a frequency generator into physical, non-turbulent sinusoidal oscillations."

When a patient lies in a supine position on the mat, this low-frequency sound stimulation (LFSS)
initiates a predictable, time-dependent physiological cascade:

e Endothelial Stimulation (Within 1 Minute): The mechanical shear stress of the acoustic
wave stimulates the endothelial cells lining the microvasculature, triggering an immediate
release of nitric oxide (NO) and Adrenomedullin (AM).* Nitric oxide relaxes the smooth
muscle of blood vessel walls, accelerating local blood flow, enhancing oxygenation, and
reducing deep-tissue inflammation.*

e Mechanoreceptor Activation (Within 3 Minutes): The physical oscillations stimulate
low-threshold mechanoreceptors within the skin and deep fascial tissues, particularly the
Pacinian corpuscles.' These receptors send afferent signals through the vagus nerve to



the brainstem, shifting the autonomic nervous system from sympathetic dominance to
parasympathetic regulation.*

e Systemic Homeostasis (Within 10 Minutes): Continuous harmonic stimulation drives
the nervous system into a balanced state.' Cortisol levels decrease, while the production
of serotonin and endorphins increases, allowing muscle tension to dissolve and supporting
systemic tissue recovery. '’

Mechanotransduction and Cellular Pathways of Bone
Remodeling

Bone tissue is a highly dynamic organ that constantly adapts its micro-architecture to external
mechanical demands.'® This adaptation is managed within bone multicellular units (BMUs)
through bone remodeling—a continuous process of bone resorption by osteoclasts followed by
bone deposition and mineralization by osteoblasts.?° In patients with osteopenia and
osteoporosis, this balance is disrupted; osteoclastic activity outpaces osteoblastic bone
formation, resulting in the thinning of trabecular struts, increased skeletal fragility, and an
elevated risk of fracture.?’

Low-frequency sound and mechanical vibration serve as potent physical stimuli that can restore
bone homeostasis by initiating cellular mechanotransduction.®

At the cellular scale, osteocytes—which reside within the lacunar-canalicular network—act as
the primary mechanosensors of the skeleton.'® When low-frequency acoustic vibrations pass
through bone, they generate microscopic pressure waves that cause interstitial fluid to flow
through these canaliculi.'® This fluid flow exerts Newtonian fluid shear stress on the cell
membranes of both osteocytes and bone marrow stromal cells (BMSCs)."®

The physical shear stress (T) is mathematically defined as:

T:p-d—y

du
where # represents the dynamic viscosity of the interstitial fluid and 9% represents the fluid
velocity gradient across the cell surface.?® This mechanical force is detected by primary cilia,
hair-like sensory organelles projecting from the bone cell membrane.?

Deflection of these primary cilia opens stretch-activated calcium channels, inducing an influx of
24
extracellular calcium (Ca ) into the cytoplasm.?® This intracellular calcium signal triggers a

Wnt/[B-catenin

signaling cascade that activates the pathway.'®
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The activation of the Wnt‘/ f-catenin pathway upregulates the transcription factors

Runt-related transcription factor 2 (Runx2) and Osterix (OSX)."® Runx2 and Osterix direct the
differentiation of multipotent BMSCs down the osteogenic lineage, promoting their maturation
into active, osteoid-secreting osteoblasts.?® These mature osteoblasts synthesize type | collagen
and secrete bone morphogenetic protein 2 (BMP-2), accelerating matrix deposition and
subsequent mineralization."®

Simultaneously, mechanical stimulation upregulates the expression of osteoprotegerin (OPG)

and downregulates receptor activator of nuclear factor K B ligand (RANKL) in osteoblastic
cells."® By decreasing the RANKL/OPG ratio, OPG competitively binds to RANK on osteoclast



precursors, blocking their fusion and activation, which halts osteoclast-mediated bone
demineralization.

-
Skeletal tissues exhibit a distinct biophysical resonance window between 25 Hz and 00 H: 10
In vitro and in vivo studies indicate that stimulation within this range—specifically at 30 Hi,

e
45 Hz , and 90 H:__gjicits the most pronounced osteogenic gene expression and osteoblast
proliferation.?® This biological resonance corresponds to the lower frequency range of Olav

25-50 Hz

Skille’s Vibroacoustic Therapy, which explicitly designates the
healing and density support.'™

range for bone

Clinical Evidence of Vibration and Sound-Vibration
Efficacy in Osteoporosis

While clinical research directly evaluating Olav Skille’s acoustic platforms for osteoporosis is
ongoing, the clinical efficacy of low-frequency, low-magnitude physical vibrations of identical
frequency profiles is well-documented.™ A pivotal study by Dr. Lee Bartel and Abdullah
Mosabbir at the University of Toronto demonstrated that the human body does not differentiate
between mechanical and acoustic vibrations at these low frequencies.'®

Both modalities activate the same physiological, hemodynamic, and skeletal pathways.®
Consequently, clinical trials utilizing low-intensity mechanical vibrations of identical frequencies (

30-50 Hz ) provide strong support for the clinical utility of acoustic vibroacoustic therapy.'

In a randomized, double-blind, placebo-controlled trial of 70 postmenopausal women, Rubin et

al. evaluated the effects of daily low-intensity vibration (LIV) applied at 30 H: with an

2
acceleration of 0.2¢ (2 m/s ) for 20 minutes daily over 12 months.?® The active vibration
group experienced a 1.5% reduction in bone loss in the spine and a 2.17% reduction in the
femoral neck compared to the control group.?® Notably, compliant women weighing under

65 kg in the active vibration group achieved an average increase in bone mineral density
(BMD) of 3.35%.%°

Similarly, Ruan et al. conducted a 6-month randomized controlled trial involving 116
postmenopausal women with established osteoporosis.?® The treatment group received 30 H:

vibrations with a 5 mu amplitude for 10 minutes, five times per week.?® At the end of 6 months,
the control group showed a 1.9% decrease in femoral neck BMD, while the vibration group
achieved a 3.2% increase in femoral neck BMD, demonstrating that low-frequency vibration can
help reverse osteoporotic bone loss.?®

Further clinical support for targeted vibration comes from the FDA-cleared Osteoboost belt, a



wearable device designed to prevent osteopenia and osteoporosis using low-magnitude

high-frequency vibration (LMHFV).?’ In a 12-month randomized, double-blind, sham-controlled
trial of 126 postmenopausal women, participants used the active or sham device for 30 minutes
per day, at least five times per week.?

The active group demonstrated an 85% reduction in vertebral bone density loss, an 83%
reduction in vertebral bone strength loss, and a 55% reduction in hip bone density loss
compared to the sham group, with zero device-related serious adverse events.?’

These findings provide strong clinical evidence that targeted, low-intensity vibration at
appropriate frequencies can safely and effectively preserve bone density and strength.?’

Study / Source

Clinical Model &
Population

Device Type &
Parameter Profile

Key Quantitative &
Clinical Outcomes

Rubin et al. %

70 postmenopausal
women; 12-month
double-blind, RCT.

Standing
low-intensity

platform; 30 H:

frequency, 0.2¢
acceleration,

2 %
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Reduced spinal
bone loss by 1.5%
and femoral neck
loss by 2.17%;
compliant women

< gained
3.35% BMD.?®

women with low
bone density;
12-month
sham-controlled
RCT.

mechanical
stimulation to
hips/spine, 30 min,
5 days/week.?’

Ruan et al. %° 116 Standing vibration Control group BMD
o/ -
postmenqpausal platform: 30 H: decreased by 1.9%;
women with 5 treatment group
osteoporosis; frequency, 2 TIII femoral neck BMD
6-month RCT. amplitude, increased by
10 min/da 5 3.2%.%
days/week.?®
Osteoboost Trial 2 | 126 Wearable vibration 85% reduction in
postmenopausal belt; targeted vertebral bone

density loss, 83%
reduction in
vertebral strength
loss, and 55%
reduction in hip
bone density loss.?’




BMSC In Vivo Trial
25

New Zealand
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vibration platform;
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200 H:

frequencies.?
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showing faster

callus absorption
and orderly collagen
alignment.?®
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Broad Frequency In vivo mouse ulnar
Trial ° loading model;
comparative
experimental trial.

Combined loading
enhanced
periosteal bone
formation by

vibration (

H 3.9-fold compared
0-50 Hz ), 3 to standard exercise
min/day."® loading alone."?

Strategic Application of TheSoundWell Ecosystem in
Osteoporosis Management

Integrating Olav Skille’s Vibroacoustic Therapy into the comprehensive care of osteoporosis
patients offers several clinical advantages over conventional physical interventions.* Patients
with severe osteopenia or osteoporosis are often unable to engage in high-impact
weight-bearing exercises due to pain, physical weakness, or an increased risk of fall-induced
fractures.?

TheSoundWell equipment, including the Vibroacoustic Mat and Recliner, allows patients to
receive osteogenic stimulation in a safe, fully supported, non-weight-bearing supine position.*
This setup eliminates gravitational load on fragile joints and fragile vertebrae, providing an
accessible and comfortable therapy option.*

Furthermore, the biophysical concept of stochastic resonance can be utilized to enhance bone
remodeling."® Stochastic resonance occurs when a weak, sub-threshold sensory signal is
amplified by the addition of low-amplitude broad-frequency noise."®

In vivo bone research demonstrates that while passive, low-amplitude vibration alone does not

trigger new bone formation, combining a broad-frequency vibration (D_5D Hz ) with standard
physical exercise enhances the osteogenic response on the bone surface by nearly 4-fold (3.9x)
compared to exercise alone.

By administering TheSoundWell's low-amplitude sinusoidal vibrations, clinicians can lower the



mechanical threshold required to trigger bone remodeling, significantly boosting the
bone-building efficacy of light physical exercise or standard physiotherapy.°

Low-Frequency Acoustic Vibration (25-50 Hz)
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Anabolic Bone Reconstitution

Additionally, VAT helps mitigate stress-induced bone loss.'® Chronic anxiety, PTSD, and severe
psychological distress trigger hyperactivation of the hypothalamic-pituitary-adrenal (HPA) axis,
leading to chronically elevated levels of systemic cortisol.'® High cortisol levels suppress
osteoblast differentiation and survival while upregulating RANKL, accelerating
glucocorticoid-induced bone loss.™

Because TheSoundWell VAT systems are designed to shift the autonomic nervous system to
parasympathetic dominance and reduce cortisol levels, they help address this endocrine
pathway of bone loss.'® By lowering cortisol and restoring HPA axis homeostasis, VAT helps
shift the systemic environment from a catabolic state to an anabolic state, supporting natural
bone preservation.™



Parameter

Vibroacoustic Therapy
(VAT)

Whole-Body Vibration
(WBV) [Mechanical
Platforms]

Primary Physical
Stimulus

Pure sinusoidal sound
waves via electro-magnetic
transducers '

Motor-driven mechanical
oscillations via eccentric
flywheels %2

Frequency Profile

Precise 30-120 H sine

waves; zero mechanical
harmonics *

5-90 H: oscillations with
variable mechanical noise ’

Mechanical Intensity

Micro-displacement;
extremely low acceleration

magnitude (< )4

Macro-displacement (

0.5—-10 mr), high

acceleration (0-3 fto
> )7

Patient Positioning

Supine or reclined; fully
supported on ergonomic
mats/recliners *

Upright standing
(bipedal/unipedal) or active
semi-squat positions 2

Biomechanical Loading

Non-weight-bearing;
passive tissue and fluid
resonance *

Active muscle contractions;
compressive joint and
spinal loading #

Skeletal Risk Profile

Safe; zero joint friction or
impact-induced spinal
micro-fracture risks "°

Moderate-high; standing
impact may cause pain or
damage in fragile bones '

Fall & Balance Hazard

Non-existent; ideal for
patients with advanced
ataxia or weakness *

Present; high-intensity
oscillation can induce
dizziness or balance loss %

Endocrine Response

Suppresses HPA axis,
lowers cortisol, increases
endorphins '

Stimulates HPA axis
transiently; increases serum
GH/testosterone ’

Vasodilatory Mechanism

Rapid endothelial nitric
oxide (NO) release *

Muscle contraction-driven
mechanical pumping %2




User Compliance High; comfortable, passive, Moderate; physically taxing,

soothing deep-tissue can cause joint discomfort
massage * in some users %

Clinical Protocols, Contraindications, and Safety
Standards

To safely integrate Vibroacoustic Therapy into an osteoporosis rehabilitation program, clinicians
should follow structured protocols and establish clear safety standards.’® TheSoundWell
equipment should be configured to target skeletal structures while ensuring patient comfort and
compliance *:

Acoustic Frequency Parameters: Clinicians should select Skille’s foundational

25-50 Hz

sinusoidal frequencies within the range, which targets bone tissue resonance

and BMSC mechanotransduction.™ Frequencies above this range, such as 40 HZ, can
be included to promote relaxation and neural coherence, while lower frequencies directly
address local bone remodeling.”

Session Duration and Frequency: A standard therapeutic session should run for 23 to
30 minutes, 3 to 5 times per week.'® The effects of low-frequency sound on bone tissue
are cumulative, requiring consistent application over a minimum of 6 to 12 months to
achieve measurable changes in bone mineral density.?®

Equipment and Comfort Setup: The patient is placed on TheSoundWell Vibroacoustic
Mat or Recliner in a supine position.* For patients with severe spinal kyphosis or chronic
back pain, conforming support systems such as the Yogibo Max Body Pillow should be
used to minimize pressure points and ensure uniform acoustic wave transmission."
Systemic Interventions: To support bone mineralization, patients should maintain
standardized daily intake of calcium and vitamin D.?® Combining VAT with light, safe
resistance or balance exercises can also leverage stochastic resonance to optimize the
osteogenic response. '

While Vibroacoustic Therapy is a safe and gentle modality, clinicians must observe specific
precautions and contraindications °:

Absolute Contraindications: VAT must not be used in patients with active deep vein
thrombosis (DVT) or thrombophlebitis, as acoustic-induced vasodilation and accelerated
blood flow could increase thromboembolic risks. " It is also contraindicated for patients
with unhealed, unstable skeletal fractures, severe epilepsy triggered by sound or vibration,
or implanted electronic devices (such as pacemakers or defibrillators) unless cleared by
their cardiologist.'

Relative Precautions: Patients with severe, fragile osteoporosis or active bone tumors
should consult their primary physician before starting treatment.'® During sessions, the




physical vibration intensity must always be kept within the patient’s comfortable range,
avoiding any harsh or jarring sensations.* Proper hydration before and after sessions is
also recommended to support optimal vascular and tissue resonance.*®

By adhering to these clinical standards, healthcare providers can safely integrate
TheSoundWell's vibroacoustic systems into multidisciplinary osteoporosis and osteopenia care,
offering a gentle, non-weight-bearing option that supports bone preservation and overall patient
well-being.*
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