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de frequency ultrasound produces change in a liquid medium through the
generation and subsequent destruction of cavitation bubbles. Ultrasound is propagated
via a series of compression and rarefaction waves induced in the molecules of the
medium tf‘;rough which it passes. At certain frequencies, rarefaction cycle may ekéeed
the attractive forces of the molecules of the liquid, and cavitation bubbles will form. Such
bubbles propagate by é process known as rectified diffusion where small amounts of
vapor from the medium enter the bubble during its expansion phase and are not fully
expelled during compression. The bubbles propagate over a period of a few cycles to
an equilibrium size for the particular frequency applied. It is the dynam.ics of these
bubbles when they collapse in sucbeeding compression cycles that generate the energy
for the chemical and mechanical effect. Cavitation bubble collapse is a phenomenon
induced throughout. the liquid by the energy in sound. In agueous systems at the
ultrasonic frequency of 20 kHz, each cavitation bubble collapse acts as a localized
"hotspot" generating temperatures of about 4.000 K and pressures in excess of 1,000
atmospheres (1). |

The cavitation bubble has a variety of actions within the liquid medium
depending upon the type of systém in which it is generated. These systems can be
divided into homogeneous, heterogeﬁeous solid/liquid, and heterogeneous liquid/liquid.

In homogeneous liquid-phase reactions, the bulk liquid immediately surrounding

the bubble where the rapid collapse of the bubble generates kinetic energy which



produces mechanical effects, the bubble, itself, will be subjected to extreme conditions

of temperature and pressure on collapse leading to chemical events.

In peeling modality, unlike cavitation bubble collapse in bulk liquid, collapse of a
cavitation bubble on or near the surface is asymmetrical because the surface provides
resistahce to the liquid flow from that side. The result is an inrush of liquid \ |
predominately from the side of the bubble remote from the surface resulting in a
powerful liquid jet being formed, targeted at the surface. The effect is equivalent to high
pressured jetting and is the reason that ultrasound is effectivé for cleaning. This effect
can also activate solid catalysts and increase the mass and heat transfer to the surface

by disruption of the interfacial boundary layers (2).

Biostimulation causes changes in Na'/H' ratio and increases in the Na'/K'-

ATPase activity, which in turn has an effect on Ca*™ flux. The Ca™ flux affects the level
of cyclic nucleotides, which modulate DNA and RNA synthesis, which modulates cell
prolifération (3). There may also be an activation of enzymeé in the mitochondria which
causes a cascade of molecular events Ieadiﬁg to the response. Calcium ions are
intracellular messengers in many signal-transducing systems. The intracellular level of
calcium must be kept low because phosphate esters are prevalent, and calcium
phosphates are very insoluble. Cytosolic level of calcium in une*cited cells is several
orders of magnitude less than the extracellular concentration. Thus, the cytosolic
calcium concentration can be abruptly raised for signaling purposes by transiently

opening calcium channels in the plasma membrane or in the intracellular membrane. (4-

11).

There is another property of ultrasound which has important therapeutic



implications. There exists a threshold ultrésound energy below which the effect of
ultrasound on skin conductivity cannot be detected, and beyond the threshold value, the
conductivity increases with the energy density. In other words, regardiess of the
intensity, higher than the acoustical cavitation threshold intensity, exposure time and
duty cycle used, the effect of ultrasound on skin permeability is similar if the total energy
density delivered to the skin is maintained constant (12). The threshold energy density
for affecting skin permeability is approximately 222 Jiem? and may depend on other
ultrasonic par.:é‘meters such as frequency. The threshold energy value probably reflects
the ultrasound energy required to induce minimal structural changes in the skin
sufficient to induce a measurable change in skin conductivity; The magnitude of the
threshold may depend on the skin itself and may vary between different skin types.

The magnitude of acoustical cavitation can be detected by the presence of
subharmonic response (13).

In the present study, the equibment used was the Dermasound with D20 and
distilled water ultrasound media. Approximately 1000 patient were employed in this
study. The study parameters utilized were split face, matched pairs, and crossover
study. The conditions studied were acne (704), acne rosacea (200), tinea corporis (30),
tinea capitis (30), psoriasis (20), hemangioma (10). hamartoma (3), and port wine
nevus (3).

The results of this study were as follows: acne patients 98% improved, acne
rosacea 90% improved, tinea corporis 100% improved, tinea capitis 100% improved,
psoriasis 100% improved, hemangioma 100% improved, hamartoma 100% improved,

and port wine nevus 100% improved. Further studies are currently being performed.
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