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THE POWER OF SOUND 
FREQUENCIES 

M ost people have seen or heard the 
famous image of an opera singer sus-

taining a single note until the sound itself 
breaks a wine glass. This superpower-like 
skill is not magic, it’s physics. Every struc-
ture, from a suspension bridge to a single 
living cell, has its own natural frequency— 
the specific rate at which it vibrates when 
energy travels through it. When an external 
vibration (such as a sound wave) matches 
that frequency, resonance occurs, causing 
each wave of energy to amplify the next. 
These oscillations compound until the 
structure can no longer absorb or dissipate 
the energy, leading to deformations as ob-

served in the breakage of the wine glass. 

Motivated by these findings, scientists 
have begun to study how sound affects the 
body, discovering that listening to music 
can reduce stress and that calming frequen-
cies can help individuals fall asleep.1,2 If 
sound waves can modulate people’s mental 
state, could they also be used to reshape the 
physical tissue of the body? This question 
is now driving a newer field of research that 
explores how mechanical energy, delivered 
through sound waves, can regenerate bones 
in our bodies. 

FROM SOUND TO MEDICINE 

Sound is a form of mechanical energy 
created when something vibrates, caus-
ing nearby air particles to move in waves. 
These waves carry energy outward as alter-
nating regions of compression and expan-
sion, which our ears interpret as sound. Un-
like light waves or electricity, sound needs 
a medium, or a space in which the waves 
can travel. Air, water, or tissue all provide a 
medium in which particles can collide and 
form waves that then travel to the ear.3 In-
side the body, sound behaves very similarly. 
Sound can travel as gentle pressure waves 
that pass safely through soft tissues and 

fluids. Depending on their frequency and 
intensity, these waves can produce heat or 
mechanical motion.⁴ When this mechan-
ical action is strong enough to nudge cells 
into action, it becomes a powerful tool for 
targeting specific areas of the body, allow-
ing scientists to reach and stimulate cells 
deep beneath the surface.⁵ 

Skeletal and muscle injuries are among 
the most common medical conditions 
worldwide.6 Bone issues can range from 
small fractures to large bone defects that 
fail to heal naturally or at all (see Figure 2). 
Current treatments for bone cancers, frac-
tures, and bone cell degeneration (such as 
bone grafts or stem cell implants) replace 
or stimulate new bone growth at the injury 

Figure 2. Bone tissue 
and osteoblasts. Bone is 
made up of living cells and 
a hardened mineral matrix. 
Osteoblasts, pictured 
above, are bone-forming 
cells that secrete and 
mineralize new bone tissue 
during growth and repair. 
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Figure 1. Sound waves and resonance. Sound 
waves carry mechanical energy that can make objects 
or even cells vibrate at their natural frequencies (see 

Figure 1). When the vibration matches the natural 
frequency, motion is amplified and can change how 

materials or tissues behave. 

site by implanting cultured scaffolds or in-
jecting stem cells directly into the area.7 
These repair methods, especially scaffolds, 
are widely used because they provide a 
physical structure that helps cells attach 
and grow, thus forming new tissue in areas 
where bone is missing (see Figure 3). More 
importantly though, they remain more 
established in clinical practice since they 
have been studied and refined for decades.

However, these procedures often require 
hospitalization, long recovery times, and 
specialized facilities, making them diffi-
cult to access and costly to maintain. Even 
synthetic bone substitutes, which avoid 
the need to harvest tissue, often integrate 
poorly with the body and are less effective 
at restoring full bone strength. In most 
cases, surgeons must either harvest bone 
tissue from another part of the patient’s 
body, known as an autograft, or use donor 
material, which carries risks of rejection or 
infection. Additionally, bone fails to heal 
naturally when the injury is too large, blood 
flow to the area is limited, or the surround-
ing cells cannot produce enough new tis-
sue to repair the injury.8 These constraints 
place a significant strain on both patients 
and the healthcare systems. 

Researchers are now looking for ways 
to stimulate the body’s own repair mecha-
nisms without surgery or chemical drugs. 
Sound—a very controllable and non-in-
vasive tool—has emerged as a promising 
solution.

THE MECHANICS OF CELLULAR 
HEALING

The process of cells responding to sound 
waves is known as mechanotransduction. 
At a high level, mechanical waves trig-
ger biochemical pathways within the cell. 
When sound waves pass through a cell, the 
cell membrane physically shifts which in 
turn triggers mechanosensitive ion chan-
nels to open (see Figure 4). These channels 
resemble tiny gates embedded into the 
outermost membrane of the cell. Under 
normal conditions, these channels remain 
closed, maintaining equilibrium inside the 
cell. However, when cell membranes are 
stretched or displaced by forces like sound, 
these channels briefly open, allowing 
charged particles like calcium to flow into 
the cell.9

This sudden rise in calcium acts as a di-
rect signal inside the cell: calcium ions bind 
to specific proteins that switch on gene ex-
pression and protein synthesis pathways 
involved in cell growth and differentiation 
(see Figure 5). In bone tissue, for example, 
calcium signaling promotes the maturation 
of stem cells into osteoblast (bone cells), the 
specialized cells responsible for building 

bone. This mechanical stimulation signals 
to these stem cells, through calcium signal-
ing pathways, that it’s time to strengthen or 
regenerate the surrounding tissue.10

THE FUTURE OF SOUND 
FREQUENCY THERAPY

Capitalizing on this phenomena, scien-
tists developed one of the most well-estab-
lished models  of acoustic therapy using 
low-intensity pulsed ultrasound (LIPUS), 
a technology already approved and imple-
mented in clinical settings to enhance bone 
repair (see Figure 6). In this context, LIPUS 
delivers short bursts of sound waves at low 
frequencies to injured bone tissue. The vi-
brations transmitted by the LIPUS reach 
the injured bone and create fluctuations 
in the surrounding fluid of the soft tissue. 
This mechanical stimulation activates the 
mechanosensitive ion channels, increasing 
calcium influx and promoting growth as a 
result of the elevated calcium levels. LIPUS 
can accelerate healing in fractures by stim-
ulating osteoblast activity and increasing 
calcium uptake in cells. It has been applied 
in the treatment of fractures and is some-
times prescribed post-surgery to shorten 
recovery times.11 

The use of sound to stimulate bone 
growth represents a shift in traditional clin-
ical therapies. Instead of adding or replac-
ing tissue, doctors may one day use energy 
to guide innate tissue healing within the 
body itself. One landmark study in this 
field, conducted by Chaudhuri and col-
leagues, showed that materials with specific 
mechanical properties could direct stem 
cells toward an osteogenic lineage by acti-
vating signaling pathways involved in bone 
formation.¹² This is important because 
sound waves are also a form of mechanical 
energy, stretching and compressing cells in 

Figure 3. Lamellar silk-fibroin scaffold for tissue 
engineering. This layered scaffold, made from 
silk fibroin (green), mimics the structure of spinal 
discs and supports new bone cell growth. Such 
biomaterial scaffolds are a common method for tissue 
regeneration, offering a contrast to newer noninvasive 
sound-based approaches.

Figure 4. Cell membrane structure. The cell 
membrane is a thin, flexible layer made of lipids and 
proteins. When stretched by external forces like sound 
waves, ion channels can open, allowing calcium ions 
to enter and stimulate growth signals.

Figure 6. Low-intensity pulsed ultrasound (LIPUS) 
device. LIPUS applies short bursts of low-intensity 
sound waves to an injured bone. The vibrations 
stimulate calcium signaling and cell activity, helping 
fractures heal more quickly without surgery.Figure 5. Mechanotransduction cascade in cells. 

Mechanical forces activate cellular sensors such as 
ion channels, integrins, and the cytoskeleton. These 
signals trigger biochemical pathways that control how 
cells grow, move, and differentiate.
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a similar way to soft materials. Chaudhu-
ri’s study therefore provides a mechanistic 
basis for how non-invasive sound therapies 
could work: if mechanical stress alone can 
guide stem cell fate, then externally deliv-
ered vibrations might eventually replicate 
these effects without requiring surgery or 
implanted scaffolds. 

Research has also expanded beyond 
bone repair, exploring regeneration in stem 
cells across many tissues in the body. Ven-
tura et al. demonstrated that low-frequency 
magnetic and acoustic fields could influ-
ence stem cell development in heart tissue. 
Similarly, researchers also discovered that 
sound stimulation promotes differentia-
tion of neural stem cells. Together, these 
findings suggest that similar sound-based 
principles may apply across multiple tissue 
types. 

In summary, the same resonance that 
can shatter a wine glass might one day 
help bones fuse themselves together faster. 
What began as a demonstration of physics 
has now become a new field and oppor-
tunity in medicine for non-invasive tissue 
healing. 
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INTRODUCTION

Palimpsests: a Greek word translating to 
“scraped again.” 

In the Middle Ages, parchment and pa-
pyrus were precious materials. In fact, pro-
ducing one copy of the Bible required the 
skins of 200 sheep.1 The original pioneers 
of recycling, the Greco-Romans, remedied 
this scarcity in supply by erasing the orig-
inal texts to make room for new text.2 Now, 
historians can use modern technology to 
uncover traces of the “recycled” stories left 
behind—also known as palimpsests. While 
the exact number is contested, it is esti-

mated that one of every two papyrus sheets 
were reused during the first four centuries 
AD.1 It was through these rediscovered 
texts that historians were able to reveal lost 
works of philosophy and science.

It is commonly assumed that our mem-
ory is like a recording device—highly or-
ganized, recording in perfect sequence, 
and easily accessible in a mental library. 
Instead, memories are often reconstructed, 
blurred, misconstrued, and rewritten.3 Our 
brains have palimpsests of their own, also 
known as neural palimpsests.4 The old ink 
of previous neural connections never truly 
vanishes. Rather, our neural networks, a 
network of biological brain cells that trans-
mit signals to process information, are re-

used, and those new memories become 
mingled with memories that came before.4 

That is the essence of neural palimp-
sests: synapses, the junction where two 
nerve cells connect, undergoing both short 
term and long term modifications.5 New 
memories are encoded on top of preexist-
ing neural networks and patterns while re-
taining residual traces of earlier memories.5

Figure 1. A representation of a historical 
palimpsests. Pages often had faded writing as 
papyrus was reused for multiple manuscripts. 

This ancient practice mirrors 
how our brains overwrite old 
neural traces of memories while 
retaining a faint record of past 
memories.

THE MYTH OF PERFECT 
MEMORY

Figure 2. Synapse plasticity. Illustrates the 
specific mechanism by which stimulation 
to the junction between two neurons can 
cause short or long term modification in the 
synapses, impacting the strength and function 
of the neurons, affecting numerous cognitive 
functions such as memory.
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