138

Article
Original

Authors:

Daniele Bani’
Laura Calosi?
Lara Faggioli’

7 MSc, Full Professor of Histology at the
University of Florence - Florence, Italy

2 Histology Technician, University of Florence
- Florence, Italy

’ Engineer at the Research and
Development Department, General Project
Ltda. - Montespertoli (Florence), Italy

Correspondence:
Dr. Daniele Bani
Full Professor of Histology
Dept. Experimental & Clinical Medicine,
Sect. Anatomy & Histology, University of
Florence
Viale G. Pieraccini 6
1-50139, Florence, Italy
E-mail: daniele.bani@unifi.it

Received on: 2 April 2014
Approved on: 1 June 2014

The present study was carried out at the
Department of Clinical and Experimental
Medicine, Anatomy and Histology Sector,
University of Florence - Florence, Italy; and at
the Department of Research and
Development, General Project Ltd.,
Montespertoli (Florence), Italy.

Financial support: None

Conflict of interest: Dr. Lara Faggioli works at
the Research and Development Department
of General Project Ltda., which has supplied
the MedVisageTM equipment for the study
free of cost.

Surg Cosmet Dermatol 2014;6(2):138-46.

Effects of high-frequency ultrasound treat-
ment on human skin tissues

Efeitos do tratamento de ultrassom de alta freqliéncia sobre os
tecidos da pele humana

ABSTRACT

Introduction: Transcutaneous ultrasound procedures are viewed as the most effective
non-surgical treatment for facial skin rejuvenation, although their mechanisms of action
are poorly understood.

Objective: This study aims to evaluate the morphological changes induced by ultrasound
treatments on skin tissue: epidermis, papillary and reticular dermis, and subcutaneous fat.
To evaluate the clinical efficacy of ultrasound treatment for facial skin tightening.
Methods: Ex vivo human skin samples were sham-treated or treated with high-frequency
ultrasound using MedVisageTM (General Project Ltd.). Difterent parameters of power
output (1.5 and 3.0 W) and frequency modulation (100, 500, 3,000, 3,500 Hz) were com-
pared. Clinical efficacy was evaluated based on a single 5-minute ultrasound treatment (3.0
W, 3,000 Hz) on 4 volunteers.

Results: Ultrasound treatment caused significant compaction of collagen and elastic fibers
in the reticular dermis, whereas less prominent changes occurred in the papillary dermis.
The overall effects varied depending on energy output and modulation frequency. No
changes to subcutaneous adipocytes, blood capillaries, epidermal keratinocytes, dermal
fibroblasts and mast cells were observed. Clinically, ultrasound treatment consistently resul-
ted in a well-tolerated, objective reduction of facial skin wrinkles.

Conclusion: High-frequency ultrasound treatment is an effective and safe noninvasive
technique for skin-tightening purposes.

Keywords: high-intensity focused ultrasound ablation; skin aging; histology; dermis.

RESUMO

Introducdo: A ultra-sonografia transcutdnea é vista como o tratamento ndo-ciriirgico mais eficaz para
o rejuvenescimento da pele facial, muito embora seus mecanismos de agdo sejam pouco compreendidos.
Objetivo: O presente estudo tem como objetivo avaliar as alteragées morfolégicas induzidas pelo tra-
tamento de ultrassom em tecidos cutdneos (epiderme, derme papilar e reticular, e gordura subcutanea)
e a eficacia clinica do tratamento de ultrassom para o tratamento da flacidez da pele facial.
Meétodos: Amostras de pele humana ex-vivo foram tratadas com simulador ou com ultrasson de alta
freqiiéncia usando o equipamento MedVisage TM (General Project Ltd.). Diferentes pardmetros de
poténcia (1,5 e 3,0WW) e modulagio de frequéncia (100, 500, 3.000, 3.500 Hz) foram comparados.
A eficacia clinica foi avaliada apds wma tinica sessdo de 5 minutos de tratamento de ultrasson (3,019
3.000 Hz) em 4 voluntarios.

Resultados: O tratamento de ultrasson causou compactagdo significativa de fibras colagenas e elasticas
na derme reticular, enquanto que alteragoes menos importantes ocorreram na derme papilar. Os efeitos
globais variaram dependendo da energia e da frequéncia de modulagao. Nao foram observadas alteragdes
em adipdcitos subcutdneos, capilares sanguineos, queratindcitos epidérmicos, fibroblastos dérmicos e mas-
técitos. Clinicamente, o tratamento de ultrasson resultou na redugdo objetiva de rugas da pele da face,
com consisténcia e boa tolerdncia.

Conclusdes: ultrasson de alta freqiiéncia é uma técnica ndo invasiva segura e eficaz para tratar a fla-
cidez cutdnea.

Palavras-chave: ablagio por ultrassom focalizado de alta intensidade; envelhecimento da pele; histo-
logia; derme.
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INTRODUCTION

In aesthetic medicine, surgical lifting has long been the
treatment of choice for facial skin laxity and rejuvenation pur-
poses. In recent years, there has been an increasing demand for
alternative noninvasive treatments that can overcome the draw-
backs of surgery (1). The most promising and effective treat-
ments are based on the principle that tissue tightening can be
achieved through the delivery of controlled dermal heating,
which in turn activates a controlled wound healing/collagen
remodeling process resulting in dermal tightening (2-4). Chiefly,
radiofrequency and laser light have been used to this aim,
although with different degrees of success (5,6). The major
shortcomings are modest clinical results, poor patient compli-
ance—e.g. slow post-operative recovery and dyspigmentation
upon laser treatments (6)—and the need for multiple treatment
sessions to consolidate the improvements.

More recently, ultrasound-emitting instruments have
been used to deliver thermal energy to the deep dermal con-
nective tissue in addition to the superficial dermis, thus inducing
more complete collagen remodeling than the previous methods
(1,7). At present, ultrasound methodology is supported by clini-
cal evidence indicating that, if properly executed, it can result in
an appreciable and durable reduction of skin wrinkles due to
ageing. Moreover, ultrasound treatments have negligible side
effects, chiefly consisting in transient erythema, edema, and
moderate pain, and therefore have excellent compliance with
the treated patients (8-14).

The exact mechanisms that may explain the beneficial
effects of ultrasound treatment are still a matter of investigation.
It appears that ultrasound waves penetrate into tissue and cause
vibration of the molecules at the site of the beam focus. The
friction between tissue molecules produces focal overheating
and thermal injury (15). Moreover, penetration depth can be
modulated by wave frequency: the higher the frequency, the
shallower the thermal effect on the dermis (1). Information on
the structural changes induced by ultrasound treatment in skin
tissues is scarce because of obvious ethical limitations with biop-
sy. Only in one study was a histologic examination performed
before and 2 months after ultrasound treatment: this study
showed increased dermal collagen with thickening of the der-
mis and straightening of elastic fibers (11). In fact, a detailed
knowledge of the tissue/cell events underlying the positive clin-
ical effects of ultrasound treatment on the skin, as well as of the
possible noxious effects on the different skin tissue components
(epidermis, dermis, subcutaneous fat pad), is currently lacking.

The present study was designed to investigate these
issues. Using ex vivo full-thickness human skin samples, we
aimed at evaluating and quantifying the histological changes
directly induced by transcutaneous ultrasounds, delivered with
different settings, on the various skin tissues, namely the epider-
mis, the papillary and reticular dermis, and the subcutaneous fat.
The histological study was paralleled by evaluation of clinical
efficacy for facial wrinkle reduction on 4 volunteers.
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METHODS

Ex vivo experiments

Tissue sampling and treatments—Abdominal full-thickness
skin biopsies, approximately 10 mm thick and including the epi-
dermis, dermis, and subcutaneous adipose tissue, were taken
during surgical sessions for reductive abdominoplasty. The spec-
imens were cut in two parts of similar size and weighed. Each
specimen was placed in a Petri dish on ice, the subcutaneous tis-
sue facing downwards, and combined with 2 ml of incubation
medium (Dulbecco’s modified Eagle medium, DMEM, Gibco
Invitrogen, Milan, Italy). Treatments were performed using the
MedVisage™ high-frequency ultrasound device (General
Project Ltd., Montespertoli, Italy), which has been designed for
skin-rejuvenating purposes. This instrument emits a main fre-
quency of 5 MHz, which can be modulated between 10 Hz and
3.5 KHz. Multiple ultrasound pulses were delivered in continu-
ous mode and were interspersed with pauses to prevent exces-
sive tissue heating, considering the lack of intrinsic temperature
homeostatic mechanisms in the blood flow-deprived tissue
explants. Heating of the samples during the treatment was mon-
itored and recorded using a thermocouple placed in contact
with the bottom of the specimens. Four different instrument
settings were used in 4 independent experiments, as described
in Table 1. In a typical experiment, the emission plate of the
MedVisage™ was placed in direct contact with the epidermis
of a skin specimen through a thin layer of Aquasonic Clear™
ultrasound gel (Parker, Fairfield, USA). A parallel specimen was
sham-treated (i.e. subjected to the same handling procedure but
with no ultrasound emission) and used as control. After the
treatments, fragments of skin tissue and subcutaneous fat from
the treated and control specimens were cut, fixed in 4% glu-
taraldehyde in cacodylate bufter (0.1 M, pH 7.4), post-fixed in
Os0O, in phosphate buffer (0.1 M, pH 7.4) dehydrated in graded
acetone and embedded in epoxy resin (Epon 812, Fluka, Buchs,
Switzerland) for light and electron microscopic studies. Others
were fixed in 4% formaldehyde in a phosphate-bufter (0.1 M,
pH 7.4), dehydrated in graded ethanol and embedded in paraffin
for light microscopic analysis.

Morphometry of dermal collagen and elastic fibers—
Histological sections, 6 mm thick, from formalin-fixed, paraftin-
embedded specimens were stained with either anilin blue for
collagen fibers, using a modified Azan staining method (16), or
paraldehyde-fuchsin for elastic fibers. Digital photomicrographs
of papillary and reticular dermis were separately taken under a
light microscope equipped with x40 objective for papillary der-
mis (test area per microscopical field: 21,800 mm?) or x20
objective for reticular dermis (test area per microscopical field:
82,000 mm?) and an Eurekam 9 high-resolution video camera
(BEL Engineering, Monza, Italy) interfaced with a PC by a ded-
icated software (BELview, BEL Engineering). From each speci-
men, 10 randomly chosen micrographs were collected. The
overall surface area of collagen or elastic fibers per micrograph
was measured using the free-share Image] 1.33 image analysis
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TaBLE 1: Settings of MedVisage™ high-frequency ultrasound device

Experiment # Output power (W) Modulation frequency (Hz) Timing (pulse x sec.) Pulse interval (sec.)
1 1.5 500 4 X5 5
2 3 3.000 4x10 10
3 3 100 4X5 10
4 3 3.500 4X5 10

program (http://rsb.info.nih.gov/1j), upon setting an appropri-
ate threshold to exclude the amorphous ground substance.

Morphometry of subcutaneous adipose cells—Digital pho-
tomicrographs of semi-thin sections, 2 mm thick, from glu-
taraldehyde/OsO,-fixed, Epon-embedded specimens were
taken using the same light microscope, x20 objective and video
camera as above. From each specimen, 5 randomly chosen
micrographs (test area per microscopical field: 82,000 mm?)
were collected. The cross-sectional surface area of adipocyte
lipid vacuoles was measured using an Image] 1.33 program
upon setting an appropriate threshold to include only the
osmiophilic lipid vacuoles. Vacuolar profiles < 1,000 mm?2, con-
sistent with polar cross-sections, were discarded.

Ultrastructural analyses of skin tissues—Ultrathin sections,
800 nm thick, cut from glutaraldehyde/OsO,-fixed, Epon-
embedded specimens were stained with aqueous uranyl acetate
and alkaline bismuth subnitrate. They were viewed and pho-
tographed under a JEM 1010 transmission electron microscope
(Jeol, Tokyo, Japan) equipped with a MegaView III high resolu-
tion digital camera and imaging software (Jeol). The difterent cell
components of the epidermal and dermal tissue were examined
in the control and ultrasound-treated samples (each group, n=3).

Clinical assay

Based on the data of the ex vivo experiments, we then
aimed at testing the clinical efficacy of MedVisage™ for skin
compaction using appropriate settings (ranges: 2-3 W, modulated
frequency 2,000-3,000 Hz). The experiments complied with
the guidelines of the Declaration of Helsinki, as amended in
Edinburgh, 2008. Four healthy volunteers (3 males aged 45-51,
1 female aged 42), who gave written informed consent for their
participation in the study, underwent a 5-minute session of facial
rejuvenation. Prior to the treatment, macro photographs of
details of the right periocular-zygomatic region were taken with
a digital camera (Canon EOS) placed on a tripod. Distance from
the target was measured with a laser meter. Fifteen minutes after
the treatment, additional macro photographs from the same skin
areas were taken under similar lighting and distance. The paired
photographs were transformed with Adobe Photoshop CS4
using the filter sketch photocopy effect, which yielded a high
contrast image of skin wrinkles and facilitated an examination
of their length and thickness. The overall surface area of wrin-
kles before and after the treatment was then calculated using
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Image] 1.33 program after appropriate thresholding. Before per-
forming morphometry, unwanted details that could have biased
the measurements, such as hairs, eyelid profiles and nasolabial
folds, were canceled from the images.

Statistics

Data were reported as mean values (£ SEM) of the con-
trol and treated groups. Significance of differences was assessed
by Student’s t-test using Graph Pad Prism 4.03 statistical soft-
ware (GraphPad, San Diego, CA, USA). p<0.05 was considered
significant.

RESULTS

Ex vivo experiments

In a first experiment, the MedVisage™ was set at 1.5 W
Power, 500 Hz modulated frequency, 4 ultrasound pulses (5
sec./5 sec. intervals). Visual examination of the aniline blue-
stained histological sections showed that ultrasound treatment
caused a slight increase in the density of collagen fiber frame-
work in both the papillary and reticular dermis (Figure 1).
Similarly, the paraldehyde-fuchsin-stained sections showed a
modest increase in the density of elastic fibers, especially in the
reticular dermis (Figure 1). Morphometric analysis confirmed
the visual observations and showed that the difterences did not
reach statistical significance. Thermometric analysis of the skin
specimens performed during each ultrasound application
showed that their temperature remained low (subsequent values
in °C were: 18.0, 20.5, 25.2, 25.9, 28.0).

In a second experiment, the MedVisage™ was set at 3
W Power, 3,000 Hz modulated frequency, 4 ultrasound pulses (5
sec./10 sec. intervals). Visual examination of the aniline blue-
stained sections showed that this treatment did not cause appre-
ciable changes in collagen fiber density per microscopic field in
the papillary dermis. Morphometric analysis confirmed that the
differences were not statistically significant (Figure 2). On the
other hand, a marked, statistically significant increase in the den-
sity of collagen fiber framework was found in the reticular der-
mis (Figure 2). Similarly, the paraldehyde-fuchsin-stained sec-
tions showed a statistically significant increase in the density of
elastic fibers in the reticular dermis (Figure 2).

Robust clinical and histological evidence indicates that
ultrasound delivery to the skin has liporeductive effects on the
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subcutaneous fat tissue, mainly ascribable to the induction of
cavitation phenomena at the fat droplet/cytoplasmic interface of
adipocytes (17-19). For this reason, we investigated whether the
subcutaneous fat in the skin specimens was also affected by
ultrasound treatment. Of note, no significant changes of the size
of lipid vacuoles in the adipocytes were detected (Figure 2).

Thermometric analysis of the skin specimens performed
during ultrasound delivery showed that the temperature
remained below 50°C, i.e. under the tissue damage threshold
(subsequent values in °C were: 18.9, 32.0, 41.0, 46.0, 50.9).

In a third experiment, the MedVisage™ was set at 3,0
W Power, 4 ultrasound pulses (5 sec./10 sec. intervals) and either
100 or 3,500 Hz modulated frequency. Examination of aniline
blue-stained sections showed that the treatment with
MedVisage™ set at 100 Hz caused a slight albeit significant
increase in the density of the collagen fiber framework in both
the papillary and reticular dermis (Figure 3). On the other hand,
the treatment with the instrument set at 3,500 Hz caused a sta-
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tistically significant increase in the collagen fiber density in the
reticular but not the papillary dermis (Figure 3). At either mod-
ulated frequencies, no appreciable changes in the density of par-
aldehyde-fuchsin-stained elastic fibers were found in the papil-
lary or reticular dermis (Figure 3), nor in the size of subcuta-
neous adipocytes (Figure 3).

We next performed an ultrastructural analysis of sham-
and MedVisage™-treated skin specimens, using the instrumen-
tal setting that gave the most prominent effects, 1.e. 3.0 W Power,
3,000 Hz modulated frequency, 4 ultrasound pulses (5 sec./10
sec. intervals). As expected from the light microscopical findings,
the collagen framework in the reticular dermis appeared denser
in the samples treated with MedVisage™ than in the sham-
treated ones (Figure 4, upper panels). Conversely, no differences
were observed in the morphology of dermal blood capillaries
between the two experimental conditions (Figure 4, lower pan-
els). In particular, endothelial cells show a normal organelle
complement and no signs of cell damage. Dermal fibroblasts and
perivascular mast cells in the treated samples also showed a nor-
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mal ultrastructure, indicating that ultrasound treatment did not
cause cell injury nor direct activation of mast cell granule release
(Figure 5). Analysis of the epidermis and papillary dermis also
indicated that MedVisage™ treatment did not induce any mor-
phological abnormality that could be an index of cell injury
(Figure 6). In particular, keratinocytes of the superficial and deep
epidermal layers were similar in both groups, as was the overall
appearance of the extracellular matrix and stromal cells in the
papillary dermis.

Clinical assay

Finally, we evaluated the clinical efficacy on facial skin
tightening of a single 5-minute ultrasound treatment, setting the
MedVisage™ on a range of efficacy parameters deduced from
the results of the ex-vivo experiments (2,0-3,0 W energy output,

Surg Cosmet Dermatol 2014;6(2):138-46.
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500-3,500 Hz modulated frequency). Morphometric analysis of
the same periocular skin areas performed before and after the
treatment showed an appreciable, statistically significant reduc-
tion of skin wrinkles (Figure 7), ranging from 20.6-35.0% of the
pre-treatment measurements. Moreover, the treated subjects
reported no troublesome sensations during or after the treat-
ment, especially with the higher modulation frequency settings.

DISCUSSION

In the present study we have evaluated the skin tighten-
ing efficacy of high frequency ultrasounds delivered by the
MedVisageTM device, characterized by adjustable power out-
put (set at 1.5-3.0 W), frequency modulation on a main fre-
quency of 5 MHz (set at 100-3500 Hz), and pulse duration (set
at 5-10 seconds for 4 repeated applications). With the tested
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modulated frequency 100 or 3,500 Hz, 4x5 second pulses, 10 second intervals). Bar graphs show the results of morphometric analysis (each group: n=3;

Student’s t-test for unpaired values).

instrument settings, an appreciable compaction of dermal con-
nective tissue fibers was consistently observed, in keeping with
previous reports (11). Of note, the overall effects varied depend-
ing on energy output and modulation frequency. In general,
ultrasound energy transfer and biological effects seemed to be
mainly exerted on the reticular dermis, in which the three-
dimensional fiber framework showed the most evident increase
in density, whereas less prominent changes occurred in the pap-
illary dermis. When MedVisage™ was set at lower power out-
put (1.5W), the tightening eftect on connective tissue fibers was
slight and did not reach statistical significance, although it was

evenly distributed in the papillary and reticular dermis. Instead,
when MedVisage™ was set at a higher power output (3.0 W),
a marked compaction of collagen and elastic fibers occurred,
particularly in the reticular dermis.

Frequency modulation and pulse duration also appear to
influence the results, especially the skin depth at which the
effects are fully manifested. Taken together, the light microscopic
different suggest that
MedVisage™ can be properly tuned to exert selective effects at

findings from the experiments

different skin levels. The ultrastructural analysis confirmed that
MedVisage™ could induce a compaction of dermal collagen

Surg Cosmet Dermatol 2014;6(2):138-46.
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FIGURE 4: Representative electron micrographs of collagen fibers in the reti-
cular dermis (top) and blood capillaries in the papillary dermis (bottom)
from ex vivo human skin samples sham-treated or treated with high-fre-
quency ultrasounds (3.0 W, main frequency 5 MHz, modulated frequency
3,000 Hz, 4x5 second pulses, 10 second intervals). Consistently with the
light microscopic findings, collagen fibers are more densely packed in the
ultrasound-treated samples. Conversely, in both cases, blood capillaries
show normal features. E: endothelial cells.

fibers. Moreover, it offered evidence that high-frequency ultra-
sound treatment is safe and well tolerated by the skin tissues. In
particular, epidermal keratinocytes, dermal fibroblasts, mast cells
and endothelial cells of blood capillaries showed normal fea-
tures, similarly to the sham-treated specimens, with no signs of
cell injury such as mitochondrial swelling or plasma membrane
rupture. Of note, perivascular mast cells did not appear to
undergo cell activation and granule release, accounting for the
absence of direct pro-inflammatory effects of ultrasound treat-
ment. Measurement of tissue temperature by a probe placed at
the bottom of the specimens, corresponding to the subcuta-
neous layer, indicated that, even upon repeated ultrasound appli-
cations lasting up to 10 seconds, the temperature did not exceed
50°C, thus remaining below the thermal damage threshold. Of

Surg Cosmet Dermatol 2014;6(2):138-46.

FIGURE 5: Representative electron micrographs showing a fibroblast (top, F)
and a mast cell (bottom, MC) in the reticular dermis from ex vivo human
skin samples treated with high-frequency ultrasounds (3.0 W, main fre-
quency 5 MHz, modulated frequency 3,000 Hz, 4x5 second pulses, 10
second intervals). Both cells have normal features and the mast cell does
not show any sign of granule discharge.

note, these values were reached in ex vivo explants, where the
intrinsic thermoregulatory effect of blood circulation was not
operating. Therefore, it can be assumed that actual skin warming
in subjects undergoing MedVisage™ treatment may be substan-
tially lower than in our experimental conditions.

Our findings provide new mechanistic insight into the
clinical efficacy of high-frequency ultrasounds for skin tighten-
ing and rejuvenation purposes (1,8-14). In fact, dermal com-
paction was immediately achieved upon ultrasound delivery, i.e.
before the occurrence of putative heat-induced focal wound
healing/collagen remodeling processes that have been postulat-
ed to underlie the observed clinical effects (2-4). It can be pos-
tulated that this immediate effect of an ultrasound may result
from the squeezing of interstitial fluids and the three-dimen-
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sional reorganization of the connective fiber meshwork.
Conceivably, in the subjects treated for skin rejuvenation, focal
wound healing and collagen remodeling may occur in a later
phase, thereby providing an explanation for the reported long-
lasting beneficial effects of ultrasound treatment (1,7).

Clinically, we observed that a single 5-minute treatment
with MedVisage™ at similar energy output and frequency
modulation as those used in the ex vivo experiments induced a
rapid, objective reduction of the overall extension of facial skin
wrinkles. The subjects perceived the treatment as comfortable
and no side effects occurred. However, as this assay has been per-
formed soon after ultrasound delivery, we cannot rule out that
skin edema may have contributed to at least part of the noted
wrinkle-reductive effects.

The present histo-morphometrical findings also indicate
that the treatment of full-thickness skin explants with

145

FIGURE 6: Representative electron micrographs of the surfa-
ce epidermis (top), deep epidermis, and dermo-epidermal
junction (center) and the underlying papillary dermis (bot-
tom) from ex vivo human skin samples sham-treated or
treated with high-frequency ultrasounds (3,0 W, main fre-
quency 5 MHz, modulated frequency 3,000 Hz, 4x5 second
pulses, 10 second intervals). In both instances, keratinocy-
tes show normal features. Collagen fibrils in the papillary
dermis appear more closely packed in the ultrasound-trea-
ted sample than in the sham-treated sample.

MedVisage™ at settings, which can induce dermal connective
fiber compaction, did not cause appreciable changes of subcuta-
neous adipocytes. In fact, ultrasound-induced adipocyte cavita-
tion has been demonstrated to cause destabilization of the
adipocyte plasma membrane, focal ruptures of the adipocyte
cytoplasm, and extracellular leakage of triglycerides (19,20).
These effects account for the liporeductive properties of ultra-
sound-induced cavitation reported clinically. Conversely,
MedVisage™ appears to be suited only for skin-tightening
effects on the superficial skin layers, mainly the reticular dermis,
with no risk of undesired liporeductive effects on the underly-
ing subcutaneous fat pad. This is particularly important in view
of the possible use of MedVisage™ on the skin of the face
because, in this anatomical site, integrity of the subcutaneous fat
tissue is mandatory for the best aesthetic results.

In conclusion, this study provides additional experimen-

Surg Cosmet Dermatol 2014;6(2):138-46.
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FIGURE 7: Representative macro photographs of periocular skin (top) taken
before and 15 minutes after a single 5-minute high-frequency ultrasound
treatment (3,0 W, main frequency 5 MHz, modulated frequency 3,000 Hz)
and the corresponding high-contrast images (center) adapted for morpho-
metric analysis of wrinkle extension by deletion of unwanted details (bot-
tom). A significant reduction of periocular skin wrinkles was found. Bar
graphs show the results of morphometric analysis (n=4; Student’s t-test for
paired values).

tal and clinical evidence that high frequency ultrasounds are an
effective and safe noninvasive technique for skin-tightening pur-
poses in aesthetic medicine. ®
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