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ARTICLE INFO  ABSTRACT

Background:
subcutaneous adipose tissue, resulting in instantaneous cell death within the targeted area; higher 
temperatures can be safely applied using contact cooling.
Objective:
reduction of the subcutaneous adipose tissue (SAT)in the abdomen.
Methods: 
contact cooling was used to reduce abdominal circumference adipose tissue in 3 treatment modalities.
Results: 
dose was 509.4 J/cm
mean total fluence was 459.47 J/cm
3.8 cm
cm from baseline was observed.
the results; 80% of the investigators reported satisfactory
Conclusions: 
circumference measurement, is safe and effective for abdominal SAT reduction and noninvasive body 
sculpting.
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INTRODUCTION 

Non-invasive Procedures for fat reduction are becoming
increasingly popular. (Sarwer and Crerand, 2004
for cosmetic procedures targeting subcutaneous adipose tissue
(SAT) has rapidly increased over the past decade. Nowadays,
more than half of individuals interested in cosmetic procedures
are most interested in “body sculpting”. (Friedmann 
2014) The greater willingness of individuals to seek out
cosmetic treatments, advances in technology and limited
adverse events have contributed in this development.
(http://www.asds. net/_Media.aspx?id=7204
the abdominal region are a particularly common area of
aesthetic concern for male and female patients of all
demographic groups. Currently, many therapeutic options are 
available for the aesthetic treatment of the abdomen.
Avram, 2012) Existing procedures rely on either abl
(cooling, heating, or adipocyte disruption or dissolution), non
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ABSTRACT 

Background: High-intensity focused ultrasound (HIFU) quickly raises local temperature of
subcutaneous adipose tissue, resulting in instantaneous cell death within the targeted area; higher 
temperatures can be safely applied using contact cooling. 
Objective: Evaluate safety and performance efficacy of HIFU with surface cooling for Non
reduction of the subcutaneous adipose tissue (SAT)in the abdomen.
Methods: A new HIFU device (LIPOcel™, Jeisys Medical, Inc. Seoul, Republic of Korea) with 
contact cooling was used to reduce abdominal circumference adipose tissue in 3 treatment modalities.
Results: 30 subjects, mean age of 35.4 years underwent one or 2 HIFU treatments. Mean total energy
dose was 509.4 J/cm2, 495 J/cm2, and 374 J/cm2 for Groups A, B, and C respectively; whole study
mean total fluence was 459.47 J/cm2. Mean waist circumference reduction was 2.95 cm, 2.4 cm, and
3.8 cm for Groups A, B, and C respectively. A significant mean waist circumference reduction of 3.05
cm from baseline was observed. Most subjects (63.3%) reported being satisfied or very satisfied with 
the results; 80% of the investigators reported satisfactory results. 
Conclusions: HIFU with surface cooling using high fluence, assessed by standardized waist
circumference measurement, is safe and effective for abdominal SAT reduction and noninvasive body 
sculpting. 
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ablative effects (adipocyte lipolytic stimulation or 
ultrastructural modification), and physical removal
(liposuction) of SAT. (Kennedy
focused ultrasound (HIFU) is a recent, safe and effective non
invasive therapeutic option. It uses high
energy (2 MHz, >1,000 W/cm
sparing any damage to surrounding connective tissues, blood 
vessels, nerves, and overlying skin.
thermal effects of HIFU rapidly raise adipose temperature
above 55°C, producing coagulative necrosis, whereas th
mechanical (cavitational) effects of this technology lead to
adipocyte membrane disruption secondary to negative acoustic
pressure. (Haar and Coussios, 2007; 
There is currently one HIFU device cleared by the Food and
Drug Administration (August 16, 2011) for noninvasive waist
circumference reduction (LipoSonix™, Solta Medical, a 
division of Valeant Pharmaceuticals North America, LLC.
Quebec, Canada), it targets SAT at a focal depth of 1.3 cm.
Several studies (Solish et al., 
et al., 2011; Robinson et al., 2014; Jewell 

 Available online at http://www.journalcra.com 

International Journal of Current Research 
Vol. 8, Issue, 08, pp.36232-36243, August, 2016 

 INTERNATIONAL

Hernandez, Angel Perez Blanco, Mariana Grijalva Vazquez, Sugun Lee and Sebastian Leal Delgado
intensity focused ultrasound with surface cooling non-invasive abdominal subcutaneous adipose tissue reduction

z 

INTENSITY FOCUSED ULTRASOUND WITH SURFACE COOLING NON-INVASIVE ABDOMINAL 

Hector Leal Silva, Esther Carmona Hernandez, Angel Perez Blanco, Mariana Grijalva Vazquez, 

 

intensity focused ultrasound (HIFU) quickly raises local temperature of 
subcutaneous adipose tissue, resulting in instantaneous cell death within the targeted area; higher 

safety and performance efficacy of HIFU with surface cooling for Non-Invasive 
reduction of the subcutaneous adipose tissue (SAT)in the abdomen. 

A new HIFU device (LIPOcel™, Jeisys Medical, Inc. Seoul, Republic of Korea) with 
contact cooling was used to reduce abdominal circumference adipose tissue in 3 treatment modalities. 

went one or 2 HIFU treatments. Mean total energy 
for Groups A, B, and C respectively; whole study 

ean waist circumference reduction was 2.95 cm, 2.4 cm, and 
A significant mean waist circumference reduction of 3.05 

Most subjects (63.3%) reported being satisfied or very satisfied with 

HIFU with surface cooling using high fluence, assessed by standardized waist 
circumference measurement, is safe and effective for abdominal SAT reduction and noninvasive body 

ribution License, which permits unrestricted 

ablative effects (adipocyte lipolytic stimulation or 
modification), and physical removal 

Kennedy et al., 2015) High-intensity 
focused ultrasound (HIFU) is a recent, safe and effective non-
invasive therapeutic option. It uses high-frequency acoustic 
energy (2 MHz, >1,000 W/cm2) to ablate focal areas of SAT, 
sparing any damage to surrounding connective tissues, blood 
vessels, nerves, and overlying skin. (Fatemi, 2009)  The 
thermal effects of HIFU rapidly raise adipose temperature 
above 55°C, producing coagulative necrosis, whereas the 
mechanical (cavitational) effects of this technology lead to 
adipocyte membrane disruption secondary to negative acoustic 

Haar and Coussios, 2007; Kyriakou et al., 2011)
There is currently one HIFU device cleared by the Food and 

ration (August 16, 2011) for noninvasive waist 
circumference reduction (LipoSonix™, Solta Medical, a 
division of Valeant Pharmaceuticals North America, LLC. 
Quebec, Canada), it targets SAT at a focal depth of 1.3 cm. 

., 2012; Shek et al., 2014; Jewell  
2014; Jewell et al., 2011; Gadsden  

INTERNATIONAL JOURNAL 
  OF CURRENT RESEARCH 

Vazquez, Sugun Lee and Sebastian Leal Delgado, 
invasive abdominal subcutaneous adipose tissue reduction”, International Journal of 

Kirk Erikson
Highlight

Kirk Erikson
Highlight

Kirk Erikson
Highlight



© 2015 Frank and Saedi. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution – Non Commercial (unported, v3.0)  
License. The full terms of the License are available at http://creativecommons.org/licenses/by-nc/3.0/. Non-commercial uses of the work are permitted without any further 

permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on 
how to request permission may be found at: http://www.dovepress.com/permissions.php

Research and Reports in Focused Ultrasound 2015:3 1–4

Research and Reports in Focused Ultrasound Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
1

R e v i e w

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/RRFU.S55831

High-intensity focused ultrasound for noninvasive 
body contouring: current perspectives

Michael Frank

Nazanin Saedi

Department of Dermatology and 
Cutaneous Biology, Thomas Jefferson 
University, Philadelphia,  
PA, USA

Correspondence: Michael Frank 
Department of Dermatology and 
Cutaneous Biology, Thomas Jefferson 
University, 833 Chestnut Street, Suite 
740, Philadelphia, PA 19107, USA 
Tel +1 215 955 6680 
email michael.frank@jefferson.edu

Abstract: Noninvasive devices for fat reduction have become increasingly popular over the 

past decade. High-intensity focused ultrasound (HIFU), already in use for nearly half a century 

for the noninvasive treatment of tumors, has only recently been evaluated as a method for the 

selective ablation of adipose tissue. HIFU works by focusing high-intensity ultrasonic waves at 

the level of the subcutaneous adipose tissue, causing focal coagulative necrosis with contraction 

and thickening of adjacent collagen bundles while sparing the overlying tissue. Several studies 

reveal the safety and efficacy of HIFU for fat reduction in the abdomen and flanks. These studies 

show a consistent reduction in the abdominal circumference of at least 2 cm after a single treat-

ment. Adverse events are limited to mild, transient procedural and postprocedural discomfort, 

erythema, bruising, and edema. HIFU is a safe and effective method for focal fat reduction.

Keywords: body sculpting, HIFU, lipoplasty, high-intensity focused ultrasonography

Introduction
Mankind has been pursuing body contouring since at least the 16th century by way 

of the corset. Today, the technology has changed but the goal remains the same: to 

optimize the smoothness, definition, or silhouette of the human physique, particularly 

the torso.1 Lipoplasty is the fourth most popular cosmetic surgical procedure per-

formed in the US.2 However, it is expensive, invasive, and associated with significant 

downtime, morbidity, and mortality.3,4 For this reason, there is a strong demand for 

noninvasive body sculpting technologies such as cryolipolysis, radiofrequency, external 

low-level laser therapy, injection lipolysis, low-frequency nonthermal ultrasound, and 

high-intensity focused ultrasound (HIFU). As one of the newest of these technologies, 

HIFU will be the focus of this article.

HIFU is a method of noninvasive tissue heating and ablation currently used for 

treating a variety of disorders, including shock wave lithotripsy, uterine fibroids, and 

solid organ tumors.5 It reduces focal adiposity by delivering high-energy ultrasonic 

waves across the skin at a low intensity before sharply focusing them at the level of 

the subcutaneous adipose tissue (SAT). At the skin surface, the intensity of the waves 

is low enough to avoid tissue damage. However, at the level of the SAT, the waves 

are focused to a high enough intensity to induce focal coagulative necrosis. This fat 

ablation is achieved by two mechanisms: hyperthermia and inertial cavitation.5 HIFU 

causes molecular vibration of the targeted adipocytes and subsequent rapid heating to 

temperatures exceeding the upper limit of protein denaturation (60°C–65°C), result-

ing in coagulative necrosis. The mechanical ultrasound wave also travels through the 

adipocytes, creating cycles of increased and reduced pressure, which draw gas out of 
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Abstract

Context: Today, different kinds of non-invasive body contouringmodalities, including cryolipolysis, radiofrequency (RF), low-level

laser therapy (LLLT), and high-intensity focused ultrasound (HIFU) are available for reducing the volume of subcutaneous adipose

tissue or cellulite. Each procedure has distinct mechanisms for stimulating apoptosis or necrosis adipose tissue. In addition to

the mentioned techniques, some investigations are underway for analyzing the efficacy of other techniques such as whole body

vibration (WBV) and extracorporeal shockwave therapy (ESWT). In the present review themechanisms, effects and side effects of the

mentionedmethods have been discussed. The effect of these devices on cellulite or subcutaneous fat reduction has been assessed.

EvidenceAcquisition:Wesearchedpubmed, google scholar and thecochranedatabases for systemic reviews, reviewarticles,meta-

analysis andrandomizedclinical trialsup toFebruary2015. Thekeywordswere subcutaneous fat, cellulite, obesity, noninvasivebody

contouring, cryolipolysis, RF, LLLT, HIFU, ESWT andWBVwith full names and abbreviations.

Results: We included seven reviews and 66 original articles in the present narrative review. Most of themwere applied on normal

weightoroverweightparticipants (bodymass index< 30kg/m2) inbothgenderswithbroadrangeof ages (18 to50yearsonaverage).

In the original articles, the numbers of includedmethods were: 10 HIFU, 13 RF, 22 cryolipolysis, 11 LLLT, 5 ESWT and 4WBV therapies.

Six of the articles evaluated combination therapies and seven compared the effects of different devices.

Conclusions: Some of the noninvasive body contouring devices in animal and human studies such as cryolipolysis, RF, LLLT and

HIFU showed statistical significant effects on body contouring, removing unwanted fat and cellulite in some body areas. However,

the clinical effects are mild to moderate, for example 2 - 4 cm circumference reduction as a sign of subcutaneous fat reduction

during total treatment sessions. Overall, there is no definitive noninvasive treatmentmethod for cellulite. Additionally, due to the

methodological differences in the existing evidence, comparing the techniques is difficult.

Keywords: Body Contouring, Subcutaneous Fat, Cellulite

1. Context

In the recent years, noninvasive body contouring tech-

niques have become one of the most widespread proce-

dures and are growing fast in areas of esthetic medicine

(1, 2). The vast majority of surgical body contouring meth-

ods has inherent risks and complications such as pain,

swelling, prolonged recovery, scarring, hematoma or in-

fection, which make noninvasive procedures increasingly

popular (3-5). According to reported data by the Ameri-

can society for aesthetic plastic surgery in 2013, the signifi-

cant risk of invasive body contouring procedures has led

to 521% growth of noninvasive techniques since 1997 (6).

In addition, it has been estimated that noninvasive body-

contouring procedures are growing 21% annualy (7). Even

for shortening postoperative recovery, decreasing bruis-

ing and more skin tightening, surgical lipectomy tech-

niques are combined with noninvasivemethods (7).

1.1. Cellulite and Subcutaneous Fat

Cellulite is a skindiscomfortdevelopedbymultiple fac-

tors (8)but themainetiology isnotcompletelyunderstood

(9). The appearance of skin changes and it becomes like an

“orange peel”. Cellulite is commonly found on the thighs

and buttocks (8, 10, 11). Cellulite is more common in adult

females than males. Up to 98% of females are concerned

about their skin changes due to cellulite and the changes

decrease their self-esteem (12).

The Nurnberger and Muller scale is the most com-

monly used classification for cellulite (9, 13). Accord-

ing to this scale, three grades were defined: I- visible

changes with skin clamping ormuscle contraction; II- visi-

ble changeswithoutmanipulation; and III- visible changes

Copyright © 2016, Research Institute For Endocrine Sciences and Iran Endocrine Society. This is an open-access article distributed under the terms of the Creative Commons

Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute thematerial just in

noncommercial usages, provided the original work is properly cited.
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Original Articles
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Low-Level
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(n = 11)

Cryolipolysis
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Extracorporeal

Shockwave Therapy

(n = 5)

Whole Body

Vibration

(n = 4)

Figure 1. The Flowchart of the Search Strategy

effects were seen on the skin, fascia, or other surrounding

tissues. No systemic abnormalities in blood chemistry pa-

rameters or fat emboliwere reportedduringnecropsy (22).

In a randomized, single-blind, sham-controlled study

in 2012, 180 males and females (18 - 65 years) participated

with BMI of ≤ 30 kg/m2 and Subcutaneous adipose tissue

(SAT) thickness of ≥ 2.5 cm in the treatment region (ante-

rior abdomen and flanks). During the study, participants

continued their usual diet and physical activity. Patients

were divided to three groups and received HIFU treatment

at one of the three total doses of energy: 177 J/cm2 (three

passes at 59 J/cm2), 141 J/cm2 (three passes at 47 J/cm2), or 0

J/cm2 (three passes at 0 J/cm2; sham group) for nearly one

minute for each targeted zone and 15 minutes for the to-

tal treatment session. No abnormalities in blood lipids or

inflammatory markers were reported. The most adverse

effects of treatment were pain, ecchymosis and swelling.

Post-treatment follow-up at 12 and 24 weeks revealed no

significant changes in cholesterol, triglycerides, free fatty

acids,markers of inflammation and liver or renal function

(24). Moreover Jewell et al. confirmed HIFU as a useful

method for reducing waist circumference. After 12 weeks,

significant reduction in waist circumference in the two

studygroupswas reported. Themeandecrease inwaist cir-

cumference was more than 2 cm. However, no changes in

weight or BMI were reported (25).

Likewise, a retrospective study in 2010 with 85 par-

ticipants (57 females and 28 males with a mean age of

43.8 years), showed similar findings at ≤ 16-week fallow-

up. Mean energy level of the HIFU device was 134.8 J/cm2

and treatment session duration varied from 60 to 90min-

utes. The most common adverse effects of this study were

edema, tenderness, ecchymosis, and hard lumps, and only

one participant experienced major pain. No significant

change onblood lipidswas reported. The average decrease

in waist circumference was 4.6 cm, 12 weeks after treat-

ment (26).

Shek al. published a single center prospective study

Int J Endocrinol Metab. 2016; 14(4):e36727. 3
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on 12 Chinese participants (nine females and three males,

withameanageof 39.5 years),whounderwent single treat-

ment on their anterior abdominal wall. Subjects with BMI

≤ 30 kg/m2 and subcutaneous adipose tissue≥ 2.5 cm in

the targeted zone were recruited in the study. The mini-

mum energy level for the treatment session was 150 J/cm2

and the energy was increased up to patient’s tolerance

level (mean 161 J/cm2). Initial measures included weight,

BMI, and waist circumference. Statistically, a significant

decrease in waist circumference at four, eight and twelve-

week fallow-upwas reported. Theaveragedecreaseof waist

circumference was 1 cm at the 12th week follow-up. How-

ever, therewasno significant change inweight or BMI (20).

In a clinical trial in Paris, HIFU technique was applied

on 25 Caucasian subjects (females with a mean age of 38.9

years) and this treatmentwas shown tobe a safeprocedure

for body contouring, which had a significant effect on ab-

dominal circumference. MeanBMIof patientswas24.5 and

mean baseline abdominal fat thickness was 3.24 cm. Each

patient received three treatment sessions at 14-day inter-

vals. According to the reported data, mean changes in cir-

cumference from baseline were -2.47 ± 0.44, -3.52 ± 0.46

and -3.51± 0.56 cm on days 14, 28 and 56, respectively (27).

To sumup, it seemsthatHIFU isa safeandefficient tech-

nology for reducing subcutaneous adipose tissue without

any significant effectonblood lipidor inflammatorymark-

ers and with no local adverse effects such as burns or scar-

ring. Studies based on the use of HIFU for body contour-

ing showed that self-reported patient’s satisfaction is ap-

proximately 47% to 86%. These treatment effects are not de-

pendent on diets or daily physical activity. In addition to

the above-mentioned benefits of HIFU, the recovery time

of the procedure is minimal, which can be considered as

an important advantage. However, according to available

evidences no considerable influence was reported on BMI

or body weight (20, 22, 25, 26, 28).

3.2. Radiofrequency

Radiofrequency is an electromagnetic wave that was

initially used for treating periorbital wrinkles, rhytids and

skin laxity (29, 30). Today, RF is extensively used for body

contouring, skin tightening and cellulite reduction (31).

Radiofrequency is commonly used for increasing

deeper skin temperature without any epidermal or der-

mal ablation. It is not only used as an efficient method

for contracting or inducing skin tightening but also as

an effective method for reducing fat in repetition (31, 32).

However, there is no standard protocol for treatment

time with RF, and the range of therapeutic sessions were

widespread between 1 and 24 weeks (30). However, higher

temperature at shorter time could be lethal for adipose

tissue but it is not necessarily comfortable for patients;

longer time, for example eight to ten minutes, with lower

temperature, leads to intended adipose cells damage (32).

Former researchers insisted that different parameters in

addition to time are related to the success of RF, such as

power and the frequency of treatment sessions, yet the

exact protocols in this area are unavailable (30).

Radiofrequency generates heat in different tissues by

transforming energy through three basic mechanisms

from electromagnetic field (32). These mechanisms in-

clude (i) orientation of electric dipoles that already exists

in the atoms and molecules in the tissue; (ii) polarization

of atoms and molecules to produce dipole moments; and

(iii) displacement of conduction electrons and ions in the

tissue. The frequency of an RF device ranges between 3 kHz

and 24GHz, and themonopolar and the bipolar configura-

tion are used commonly inmedicine (31).

Vela Smooth was the first RF device, which was used

widely for body contouring. Now, there are various types

of RF devices in the market such as Thermage (SoltaMedi-

cal, Hayward, CA, USA), Accent (Alma Lasers), TriPollar (Pol-

logen, TelAviv, Israel), Freeze (Venus Concepts, Karmiel, Is-

rael) andmost recently TiteFX (Invasix).

A variety of studies demonstrate smoothening of the

cellulite exposureusingRF and reductionof subcutaneous

tissue, which leads to circumference reduction (16, 17, 33-

36). Manuskiatti and colleagues evaluated the effects of a

TriPollar RF technology on abdomen and thigh circumfer-

ences and cellulite appearance in 39 female subjects with

cellulite grade≥ 2 (Nurnberger-Muller scale). The subjects

received eight treatment sessions, seven days apart, with-

out any change in their physical activity and diet. Four

weeks after the last treatment session, the study showed

significant circumference reduction of the abdomen and

thigh regions. Nevertheless, there was no significant re-

duction in buttocks and arms. In addition, the study

showed that TriPollar RF improved the appearance of cel-

lulite (16). For assessing treatment procedure’s outcomes,

circumferencemeasurements of treated regionwere done

along with taking real-time scanning images andmeasur-

ing skin elasticity. The cellulites condition was evaluated

in each patient according to the Nurnberger-Muller scale

(16).

Del Pino et al. assessed the effects of applying unipo-

lar RF [the Accent RF System (Alma Lasers Inc)] on subcu-

taneous fat of the buttocks and thighs of 26 female sub-

jects (ages 18 to 50 years) with visible cellulite (grade 1 to

3). Two treatment sessions, two weeks apart, were con-

sidered. They used real-time scanning image ultrasound

for measuring the distance between the dermis and the

camper’s fascia, and their findings showed that controlled

tissue heatingwith RF could reduce the thickness between

the dermis and fascia. The average reduction in thigh and

4 Int J Endocrinol Metab. 2016; 14(4):e36727.
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