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Series introduction

Opver the past twenty-one years we have edited a series of forty-five
volumes relating to the art and science of dermatology. The series
has been purposefully broad in content to attract the interest of a
large variety of readers, from clinicians to basic scientists, affiliated
with universities, industry, and in private practice.

The past decade has seen an explosion in interest in aesthetic
dermatology. Significant advances have been made in cos-
metic science and in new instrumentation for the treatment
of aesthetic problems. Thus, a new focus has developed on the
science of skin care both from the point of view of the practitioner
as well as industry.

The latest addition to this series, Cellulite: Pathophysiology
and Treatment, is the second edition of this popular work and

vi

demonstrates that the need for new information is compelling.
The authors, Drs Mitchel Goldman and Doris Hexsel, not only
are distinguished authorities in the field in their own right, but
also have assembled a coterie of other distinguished contribu-
tors. We trust that this volume will again be of broad interest to
scientists and clinicians alike.

ALAN R. SHALITA, M.D., Sc.D(hon)
Distinguished Teaching Professor and Chairman
Department of Dermatology

SUNY Downstate Medical Center

Brooklyn, NY, U.S.A.



Preface

Artists in painting and sculpture over the last two millennia
have perceived beauty in a woman’s figure as consisting in few
muscles and a thick layer of subcutaneous fat. However, within
the last four decades, there has been a radical change in per-
ception, with today’s society defining the ideal female body as
youthful and almost pre-pubertal; well-defined musculature
with very little body fat is now the ideal. This recent definition
of beauty has led to the development of a new medical “disease,’
cellulite.

Cellulite can best be described as a normal physiologic state in
post-adolescent women whose purpose is to maximize adipose
retention to ensure adequate caloric availability for pregnancy and
lactation. Almost all women who are not cachectic have cellulite.

The topic of cellulite appears every month on multiple televi-
sion medical and talk shows, as well as in the lay public women’s
health magazines (which often show the cellulite in various female
celebrities caught wearing a bathing suit, without the benefit of the
air brushing that their publicity photographs undergo). Demand
for the treatment of cellulite has become extremely popular:
“90% of women have cellulite and the other 10% think they do”
Sales of various topical therapies constitute a multimillion-dollar

business; it is estimated that the sales of cellulite equipment is over
30 million dollars each year.

It is therefore time for a comprehensive textbook on the
pathophysiology and treatment of cellulite. This subject is not
taught in medical schools nor in residency training programs
and there are few medical publications in the English language on
this subject. As patients go to their physicians (mostly cosmetic
and plastic surgeons and dermatologists) to seek advice on the
pathophysiology and treatment of cellulite, physicians will need
to educate themselves on this subject.

To this end, we have enlisted the enthusiastic support of some
of the world's leaders in cellulite research. These respected profes-
sors and clinicians from the USA, Brazil, France, Italy, Argentina,
Canada, Thailand and El Salvador are recognized as leaders on
this subject. They have published numerous scientific papers on
this subject in both their native languages and English. Our role as
editors of this work, in addition to contributing separate chapters
on our own unique research, is to ensure that this second edi-
tion of Cellulite is complete and up to date. We look forward to
this textbook stimulating further research eventuating improved
treatment of this cosmetically important condition.

Mitchel P Goldman
Doris Hexsel
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1  Social Impact of Cellulite and Its Impact on Quality of Life
Doris Hexsel, Camile Luisa Hexsel, and Magda B Weber

Introduction

Almost all women have or believe they have cellulite. As it is more
common to expose the body in certain cultures and in sunny coun-
tries such as Brazil, cellulite is of great concern to many women
and also represents a problem of great social impact.

In today’s globalized culture, physical well-being, including
care taken with appearance, is highly valued. From this perspec-
tive, it is very important to evaluate the impact on quality of life
(QoL) of such cosmetic problems as cellulite, wrinkles and aging.
The fact that these have an impact on the QoL is indirectly shown
by the growing interest in the investigation and treatment of these
problems, which until recently were considered to be of minor
significance. New studies involving QoL will benefit all those who
suffer to a greater or lesser degree from these problems, and will
be of great value in assessing the need for new scientific research
into the treatment of these problems.

Medical treatments traditionally focused on quantitative fac-
tors, such as the reduction of morbidity and mortality and the
assessment of treatment safety and social markers of health.
Qualitative factors, such as patients’ perceptions of well-being and
capacity to perform activities of daily life were not a primary aim.
In recent decades, however, the measurement of patient’s quality
of life and the evaluation of different treatments have been the
focus of growing attention.

Sarwer et al. published a review of the literature that focused on
psychological and social-cultural aspects, their relation to phys-
ical appearance, and their influence on the decision to undergo
cosmetic treatments [1]. Their study revealed that in the 37 dif-
ferent cultures studied, men and women gave greater priority
to sexual attraction in the choice of partners than to aspects
of personality such as independence, emotional stability and
maturity [1]. Dermatological diseases and cosmetic problems
significantly affect self-esteem. As the symptoms are visible, the
discomfort and psycho-emotional effects are frequently more
serious than the physical alterations caused by the disease. Thus,
it becomes very important to assess and quantify the emotional
and social parameters in these patients, in order to understand
the disruption that the problem causes in various daily activities.
This will facilitate the follow-up and treatment evaluation, and
consequently allow for improvements in the QoL of the patients.

The great importance given to QoL evaluation in clinical inves-
tigation and patient care has led to the development of ques-
tionnaires designed for the collection of information from the
patients on the impact of the disease on their everyday lives. This
knowledge allows the medical professional to better observe how
the disease affects the patients physically, psychologically, and
socially, and facilitates the evaluation of the effects on the lives of
the patients.

In the case of cellulite, the reasons that lead the patient to seek
treatment are generally social and, sometimes, also emotional.
These may include the embarrassment caused by cellulite in

social, affective, and sexual relations as well as the avoidance of
normal everyday activities such as visiting a swimming pool or
beach, practicing sports or exposing the body during intimacy.

A number of studies have been published that deal with QoL
and recognize the value of specific questionnaires for dermatolog-
ical diseases such as psoriasis, acne, melasma, atopic dermatitis,
hyperhidrosis, and alopecia among others [2-9]. These studies
have revealed the existence of similar facets related to QoL in
patients from various countries [10] and point to the discomfort
and the psycho-emotional effect on the patients. However, in gen-
eral, little research has been done on the psychological, environ-
mental, and social aspects of dermatological diseases. Moreover,
to date, no study on the QoL of those afflicted by cellulite has been
published.

Patients suffering from skin diseases should not be treated
merely for the physical harm caused by the disease [10]. The skin
is the most external and apparent organ, and skin contact contrib-
utes to the formation and structure of the personality.

Aspects of Cellulite Related to Qol

Cellulite is a clinical and aesthetic condition affecting most
women. It may appear in preadolescence, adolescence, or adult-
hood. With cellulite, the connective tissue and adipose tissue
undergo alterations, resulting in blood and lymphatic altera-
tions [11]. Clinically, cellulite is characterized by alterations to the
cutaneous surface, especially on the buttocks and thighs, giving
the skin an orange peel or mattress appearance [12,13]. Clini-
cally, cellulite is classified into degrees that range from 0 to III
according to the clinical characteristics [14]. As well as classifying
the cellulite, it is suggested that associated factors such as obesity
[measured by the body mass index (BMI)] and degree of flaccidity
(classified as light, moderate, or severe) be characterized.

Our clinical experience has shown that cellulite is a problem
that has an impact on the QoL of both younger and more mature
women, though the impact is greater in younger women. It
also seems that cellulite is more frequent nowadays than many
years ago.

We report here on a clinical study carried out in 62 female
patients, aged between 18 and 45 years (average age 32) with
BMIs between 18 and 25 (average 21.8), having various degrees
of cellulite on the buttocks and thighs. Over a period of two
months, these patients received mechanical treatment in both
legs and topical treatment in only one randomly chosen leg.
The degree of cellulite in each patient was evaluated before
and at the end of the treatment and attributed a classifica-
tion between 0 and III, according to the clinical appearance of
the cellulite. No patients included in this study had a cellulite
classification of 0.

These patients also answered a non-validated questionnaire
created by the authors at the beginning and end of the treatment.
This questionnaire evaluated patients’ self-esteem and highlighted
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changes in the behavior of patients with cellulite such as avoiding
wearing tight or small clothing; feeling embarrassed when
frequenting swimming pools or at the beach, etc. The impact
of cellulite in relation to age group was also evaluated, together
with factors that patients believe may influence the cellulite, such
as inheritance, diet, and physical activity, as well as the treatment
performed and self-perception of the severity of their cellulite.
A survey of the answers given to the questions permitted an
assessment of:

1. patients’ impressions of the problem of cellulite;

2. the everyday situations that result in restrictions or embar-
rassment for patients with cellulite; and

3. the impact of treatment on patients’ QoL.

Some factors, in the opinion of the patient, may influence
cellulite. When questioned regarding diet, 65% of patients believed
that there is a relationship between cellulite and diet. For 60% of
the patients interviewed, a specific diet can help with cellulite.
Along the same lines, 90% of patients believed that practicing
physical exercise is an efficient treatment for cellulite and may, in
isolation, moderately reduce cellulite.

Cellulite was perceived before 20 years of age by 65% of patients.
With regard to family inheritance, 80% of patients reported
having first- or second-degree relatives with cellulite. Because
it is a clinically diagnosed and easily recognizable problem, this
information is highly indicative of the presence of positive family
cases, bearing in mind that the great majority of patients reported
a family member of the first degree, mother or daughter, as having
the same problem.

Regarding the restrictions caused by cellulite, when ques-
tioned in a generalized way about the degree to which cellulite
hampered their lives with the options of “not at all (1), “a little (2),
“moderately (3),” or “greatly (4),” it was found that 70% of the
interviewed patients considered that cellulite hampered their
lives greatly. Regarding specific daily situations, it was noted that
those suffering from cellulite experience some day-to-day restric-
tions. Each situation was evaluated by the patient and attributed
a value from 1 to 5, in which “1” was given to situations in which
having cellulite had no effect, “2” to little effect, “3” to a mod-
erate effect, “4” to a significant effect, and “5” to a very significant
effect.

The situations included wearing a bikini and tight clothing,
sexual activity, practicing sports, and crossing the legs and
sitting, which indicate the great social impact caused by cellulite.
Keep in mind that, in all the situations presented and even after
treatment, having cellulite influences to a moderate or significant
degree the daily lives of the patients. We notice that the treatment,
even though it might not be 100% effective for the problem, may
modify the behavior of cellulite patients. The results obtained from
the studied sample reveal that the presence of cellulite after treat-
ment interferes less in certain activities when the responses from
before and after treatment are compared. This reduction is most
evident in the item “sexual life” when the total sample is exam-
ined: 21.9% of the patients mentioned that cellulite had great or
very significant influence on their sexual life before treatment and,
although the treatment may not have led to a marked improve-
ment in the cellulite, only 8.3% of the patients gave the same
response following treatment. The sitting position, a position that
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supposedly makes the cellulite more apparent, reveals that before
treatment, 48.9% of the patients interviewed considered the influ-
ence very significant, while after treatment this percentage fell
to 15.1%. With regard to the embarrassment caused by the pres-
ence of cellulite in the practice of sports, the answers both before
and after treatment were very similar. The results suggest that, for
women, exposing the body during sport is not as embarrassing as
in other situations, as for example during sexual relations.

According to Jorge [10], the psychological impact and in inter-
personal relations, respectively, is more prejudicial for women
than for men. Studies that evaluated patients with dermatosis,
carried out in Sweden and Norway, suggest that those at risk of
the greatest harm are females who are young and in whom that
disease exists over an extended period of time [10]. As cellulite
appears basically in women, this condition should be investigated
in terms of its impact in QoL.

A study by Harlow et al, that evaluated the impact on quality
of life of dermatological diseases during primary attention,
noted the differences between men and women in relation to
the various forms of constraints caused by the diseases from
which they suffered [15]. Ten (10) attributes were evaluated:
physical symptoms, feelings, daily routine, clothing, social and
leisure, sport and exercise, work and study, personal relations,
sexual relations and treatment. Of these, only in the question
related to the degree to which the condition affected the prac-
tice of sports and exercise was the score given by males higher
than that given by women [15]. This shows that the practice of
sport may have greater significance in the male group than in
the female.

We also checked the impact of treatment on the QoL of patients
with cellulite. Each patient attributed a value from 0 to 9, with 0
representing very low self-esteem in relation to the fact of having
cellulite, and 9 representing very high self-esteem. The clinical
evaluation considered the improvement on the left and right
sides, which were treated differently. Even without any improve-
ment in the degree of cellulite noted by the examiner, there was
an increase in self-esteem (evaluated from 0 to 9) after treatment.
This improvement can be seen in the difference in the percentage
of scores found from before and after treatment. This shows that
the treatment did have a positive effect on the self-esteem of the
patients, indicating that the simple fact of treating the cellulite and
caring for themselves, even in the absence of any clinical improve-
ment, influenced the well-being of the patients, who described
themselves as better and more confident following the treatment.
It may suggest that treatments should be tried, even if there is no
cure for this condition.

In 2008, the authors conducted a new clinical trial with the
aim to build a specific questionnaire on the QoL for cellulite
patients. Fifty patients were included responding to a qualita-
tive survey to evaluate the main spontaneous complaints of
patients seen because of cellulite and the effect of cellulite on
their quality of life. An open question was asked about the main
complaint: “We are trying to find out how much the fact of having
cellulite affects the life of female patients. We would appreciate
your cooperation, but your participation is totally voluntary and
not compulsory. Could you please describe in what ways having
cellulite has affected your life? You may include aspects of your
professional and social life, personal relationships, leisure activities,
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Table 1.1 Summarized version of CelluQOL® questionnaire

Not bothered Bothered most of the No feelings either
time

atall

Skin apperance 1 2
Clothing manners 1 2
Feeding habits 1 2
Physical and leisure activities involving exposure

of the body in public 1 2
Physical or recreational activities involving the

restricted exposure of the body 1 2
Sexual life 1 2
Negative feelings 1 2
Disbelief about results of treatments 1 2

Bothered most of the Bothered all the

way time time
3 4 5
3 4 5
3 4 5
3 4 5
3 4 5
3 4 5
3 4 5
3 4 5

or any other situation. Although we need to know how old
you are, no further personal identification is necessary.” The
preliminary analysis of the questions answered by the volunteers
showed factors and situations which are influenced by the pres-
ence of cellulite [16]. These patients mentioned that they usually
avoid wearing white colored and beach clothing and prefer to
wear black (90%); dislike walking on the beach without wearing
beach jackets (56%), this is because they prefer to hide their
cellulite; they also feel bothered and constrained by the presence
of cellulite (38%); they are afraid about their partners noticing
their condition (36%) and also have feelings of low self-esteem
(20%). From the preliminary answers, it was possible to estab-
lish the main domains that affect the QoL due to the presence
of cellulite: clothing choices, leisure habits, physical activities,
relationships with partners, personal feelings about themselves,
and daily habits [16].

The second part of the same study mentioned above involved
100 patients and aimed to create and validate a new instrument of
Quality of Life on Celluite, called CelluQOL®. The authors created
two versions of CelluQOL®, based on the domains revealed in the
first part of the study, one complete and the other summarized
(Table 1.1). All patients responded to both questionnaires which
were compared and validated. The complete data of this study are
in process of statistical evaluation and will be published soon.
However, the data collected and pre-analyzed from this study
suggests that a QoL questionnaire for patients presenting cellulite
may be useful in clinical practice [16].

Conclusion

Thorough QoL evaluations will be necessary to evaluate not only
the importance given to the problem of “cellulite”, but also the
need to develop new treatments for cellulite [17].

It is interesting to note that, even without techniques that can
guarantee significant improvement of cellulite in its different
degrees, cosmetic patients want alternatives and their emotional
improvement is not directly related to the clinical improvement.
Care and attention to cosmetic problems can lead to improvement
in the emotional state of the patients.

Cellulite has a real impact on the QoL of patients, as it restricts
those that suffer from the condition in everyday situations and
activities. This causes damage in the psychological area in inter-
personal relationships, as also occurs with other conditions that
afflict the skin.

Patient complaints should be evaluated objectively regardless
of whether defects are visible and pertinent or just imaginary, or
even if the patient’s concerns seem to be out of proportion with
reality. As it is a very sensitive issue, techniques used for esthetic
procedures should be improved, and their performance should
lead to minimal side effects, faster recovery and greater safety.
However, esthetic procedures may not be enough to deal with
complaints that may in fact mask fears, anxiety and fantasies, and
a full evaluation may be necessary to improve and preserve the
doctor-patient relationship.

Finding out what aspects in each domain concern patients
and measuring their possible impact may help to make decisions
about what type of treatment should be prescribed for any specific
patient. Also, the development of instruments to measure the QoL
of patients presenting aesthetic complaints is an innovative and
challenging area to be studied. The measurement of the aspects
in each domain that concern patients may help to make decisions
about more effective ways to treat specific patients.
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2 Psychological Impact of Cellulite on the Affected Patients

Cristiano Brum

New cellulite research is appearing in literature every day,
including a new classification [1] system, new techniques and
tools [2,3,4], with the aim of achieving better results and greater
patient satisfaction. This process is a response to the explosion in
popularity of other aesthetic treatments and it is mainly due to
the safety of less-invasive procedures developed over the last two
decades. As a result, these procedures received increased media
attention and therefore more individuals were willing to undergo
cosmetic treatments with the goal of enhancing their physical
appearance [5] as well as increasing aspects of their quality of life,
especially regarding body satisfaction and health [6].

Beauty is an attribute that has been desired by mankind since
ancient times. Plato understood that beauty, good health and
wealth acquired by honest means, are the most important wishes
of every man [7]. Beauty inspired poets, painters, writers, and
wars, as depicted in the Iliad, in which Homer describes the epic
battles of the Trojan War caused by Paris’s abduction of Helen -
said to be the most beautiful woman who ever lived - from her
husband, King Menelaus. Beauty was also correlated to Darwin’s
theory of evolution, in which physical signs of youth and health
are the most reliable physical markers of fertility [8].

Beauty plays an important role in human relationships in a
social setting. Koblenzer [9] mentions some studies that dem-
onstrate real benefits from maintaining an appearance of youth-
fulness and beauty during all stages of life. For example, “cute”
babies receive more care-taking attention, nice-looking children
are assumed by their teachers to be more intelligent, attractive
adolescents are preferred as friends or dates, employers are more
likely to hire applicants with nicer appearances, at higher salaries,
whom they promote rapidly.

Nowadays, one of the reasons for women’s dissatisfaction with
their appearance is cellulite — a clinical condition that affects a
significant number of women worldwide. It was noted that those
suffering from cellulite, experience some day-to-day restrictions,
including clothing choices, physical and sexual activity, among
others. These problems suggest a great social impact of this con-
dition on their lives [10]. There are no references in medical lit-
erature about the psychological aspects of women that undergo
cosmetic treatments for cellulite, except for the incipient studies
regarding quality of life in this population [11].

To fill in this gap, the research group from the Brazilian Center
for Studies in Dermatology (Porto Alegre, Brazil) collected new
data from 30 healthy female volunteers, ranging in age from
20 to 45 years old. They answered a questionnaire focusing on
the psychological aspects, symptoms of eating disorders, body
image concerns, social functioning, previous psychotherapy and
psychiatric problems, feelings related to their cellulite, social
embarrassment, and cellulite treatment expectations [12].

Regarding the onset of cellulite, most of the patients (40%)
mentioned the adolescent period, 33% their 20s, and the others
varied situations, during weight loss and gain, after pregnancy,

and after 40s were mentioned by 16.5%. It seems that early in life
cellulite becomes a great concern for women [12].

Eighty-six percent of patients presenting cellulite stated that
they notice cellulite in others. According to the patients’ opinions,
they pay attention to the cellulite in other women to compare the
severity (19%), to help them feel better about themselves because
of the fact that they share the same condition with other women
(15%), for both cited reasons (54%) and 12% for other reasons.
When asked whether they thought men paid attention to their
cellulite, 50% of women said yes, and the others said no [12].

When these patients stare in the mirror and see their cellulite,
they experience diverse negative feelings, like anger, guilt, sadness,
impotency, shame, discomfort and the desire to cover themselves.
Among these feelings, the most frequently mentioned by this
sample was frustration (26%). The volunteers also reported that
they feel ashamed of their cellulite. For 67%, the feeling of shame
is presented in only certain situations. In 30% of these patients,
this feeling occurred more frequently, whereas only one woman
denied feeling ashamed of her cellulite. Interestingly, the majority
of patients (63.3%) mentioned that these negative feelings do not
interfere in their daily activities. In 23.3%, these feelings have a
positive impact on their self-care (health and appearance), and
only 13.3% reported low self-esteem and isolation [12].

The leading cause for seeking cellulite treatments was personal
motivation, reported by 63.3% of the patients. The second most
common was media, responsible for 20%. Recommendations
from partners, friends, or family also played an important role
accounting for 13%. Overall, the volunteers believe that treating
their cellulite will improve certain aspects of their lives, such as
self-esteem and sociability [10].

Personal motivation is directly related to the inner world of
each individual, their life story, parental support, self-esteem, for-
mation process of their body image, and their personality traits.
However, external influences are an important factor in the pur-
suit of a perfect and attractive cellulite-free body. Some research
shows that media significantly contributes to the creation of the
thin body ideal, eating habits, altering moods, and satisfaction
with their own body.

Pinhas et al. [13] and colleagues examined changes in female
university students’ mood states resulting from viewing pictures
in fashion magazines of models who represent the thin ideal. The
authors observed that viewing images of female fashion models
had an immediate negative effect on women’s moods, represented
by more depressed and angry states. Hawkins et al. [14] showed
further aspects related to the exposure of women to thin-ideal
magazine images, such as an increase in body dissatisfaction,
negative mood states, eating disorder symptoms, and lowered
self-esteem.

In a recent study, participants were randomly divided in two
groups, one of which watched a reality TV cosmetic surgery pro-
gram, while the other watched a reality TV home improvement
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program. The authors concluded that among the participants,
particularly those who had internalized the thin body-ideal and
watched the cosmetic surgery program, reported greater percep-
tions of media pressure to be thin [15].

Using functional neuroimaging in 18 healthy young women,
Friederich et al. examined brain responses and levels of anxiety
from images of slim-idealized bodies (active condition) and inte-
rior designs (control condition) were measured. In active condi-
tion, participants initiated their body shape processing network.
The authors believe that brain networks associated with anxiety
induced by self-comparison to slim images may be involved in
the genesis of body dissatisfaction and hence with vulnerability to
eating disorders [16].

In our study, bulimic symptoms were found in three patients,
10% of the sample. One volunteer reported she had a diagnosis of
bulimia and was being treated by a psychiatrist [12]. The same pro-
portion was described by Alagéz et al. [17] in research that investi-
gated self-esteem, body imaging scale, and applied eating attitude
scale tests in patients who had undergone cosmetic surgery.

Another important finding from this study was the fact that
twenty-one patients (70%) reported using weight-loss drugs,
many volunteers taking more than one medication for this reason.
Amphetamines were cited by four patients, eight volunteers took
laxatives, three used diuretics, and eight received a prescription
of sibutramine from their doctors [12]. This data suggests that
many patients look for magic formulas to lose weight instead of
adopting healthier lifestyles.

Because these patients might be using such medications without
knowing their possible side effects and the health threats, doctors
should advise their patients about amphetamines’ adverse effects,
such as paranoid delusions, hallucinations, anxiety disorders,
mania, insomnia, irritability, chemical dependence and physical
symptoms (hypertension, tachycardia, palpitation, mydrasis,
bruxism, tremor and headache) [18].

The purchase and use of prescribed medications, without a
prescription, is a very common practice in many countries world-
wide, including Brazil. This is a major problem because the misuse
of these medications can cause adverse effects, such as diuretics,
resulting in hyponatremia, hyperkalemia, hypokalemia, increased
levels of blood sugar and cholesterol, rash, joint disorders (gout),
and menstrual irregularities. It is important to advise patients about
misconceptions, as many women think diuretics help lose weight [19].
Laxatives are sometimes used by normal and bulimic women. This
medication can cause fluid and electrolyte imbalances, steatorrhea,
osteomalacia, diarrhea, and, cathartic colon. Although there is no
evidence on the structural or functional impairment of enteric
nerves or intestinal smooth muscle, nor colorectal cancer and
other tumors, laxatives should be taken with caution [20].

When sibutramine is prescribed by doctors, patients should be
aware of the side effects, which include drug intolerance, head-
ache, insomnia, nausea, dry mouth, constipation, tachycardia, and
hypertension-related events [21], as well as the case of patients
with bipolar disorder, which could result in mania or mixed mood
states [22].

Many patients want an “easy way” to lose weight. These patients
also expect magic results from cellulite treatments. In our prelimi-
nary research, 11 patients (37%) expect their cellulite to disappear
with the treatment, another 37% are more realistic and expect
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some improvement after the procedure, 16% have never done any
treatment and 3% believe that there is no effective treatment for
cellulite [12].

Crockett et al. [23] mentioned that patients who regularly
watched one or more reality television show reported the fol-
lowing: a greater influence from television and media to pursue
cosmetic surgery; felt more knowledgeable about cosmetic sur-
gery in general; and felt that plastic surgery reality television
was more similar to real life than did non-frequent viewers. The
results of this study suggest that many patients come to offices
with unrealistic ideas and expectations regarding cosmetic pro-
cedures. The evaluation of the psychological profile, expectations
and knowledge about the technique may be helpful to improve
the relationship between physicians and patients, especially when
undergoing cosmetic procedures. Moreover, it is also important to
manage their expectations, advise them about contraindications,
possible side effects and complications, including limitations of
each indicated procedure.

Considering that patients usually do not inform doctors about
their psychiatric problems if not asked, and that some psychiatric
conditions do interfere with patient’s satisfaction, the psycho-
logical history should be carefully evaluated. Certain psychiatric
disorders, especially those interfering with the body image, seem
to be more prevalent in cosmetic patients, and they may be con-
sidered a contraindication to perform some cosmetic procedures
[24]. Attention should be given to psychosis, eating disorders,
body dimorphic disorder, depression, and anxiety [24,25]. In our
research, 30% of the patients had a history of psychiatric disorders
and previous psychotherapy. The main causes were depression,
bulimia, anxiety, panic disorder, and psychological conflicts. None
were diagnosed with body dimorphic disorder.

It is important to mention that we learned that 77% of the
patients would like to better evaluate their emotional symptoms
and were open to this conversation. This emphasizes the impor-
tance of the medical and psychological approach to cosmetic
patients, especially those undergoing surgical procedures, to
avoid patient and surgeon frustration and unexpected, negative
outcomes.
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3 Anatomy of Cellulite and the Interstitial Matrix

Pier Antonio Bacci

Introduction

The understanding of the structure and function of the interstitial
(or extracellular) matrix constitutes a relatively recent conceptual
revolution. Prof. Francesco Albergati of Milan, student of Prof.
Sergio Curri, was the first to study and describe the clinical rel-
evance of this microvascular tissue unit [1]. A brief overview is
given here.

Cellulite

The body’s silhouette is characterized by a particular localization
of the subcutaneous adipose tissue over the osteomuscular struc-
ture. The human body is characterized by the presence of rigid
fasciae and especially deep muscular fasciae that start from the
base of the cranium and continue to the ankles and metatarsus
promoting various physiological functions: vascular, neurophysi-
ologic, and orthopedic. Cellulite is a degenerative and evolutional
affect on subcutaneous tissue. The authors describe cellulite
from a histomorphologically point of view, defining it as a PEFS:
“panniculopatia edematofibrosclerotica (edematofibrosclerotic
dermo-lipodermic pathology)” [2].

Cellulite is considered as a series of events characterized by
interstitial edema, secondary connective tissue fibrosis, and con-
sequent sclerotic evolution. Recent clinical observations demon-
strated that if PEFS is a true part of cellulite, it does not represent
all the various clinical aspects of cellulite. In fact there are often
particular forms of connective and interstitial damage or dif-
fuse syndromes characterized by a lipedema associated with a
lymphedema and/or lipodystrophy. Such pathologies are mainly
observed on the gluteal muscle and on the lower limbs of women.

Fundamental here is acceptance that cellulite is not a female
whim or something considered unsightly, but a real disorder, or
rather, different disorders that represent aesthetic pathologies that
must be cared for from a medical and cosmetic point of view.

o The cellulite disorder normally is an expression of lipolym-
phedema, or more precisely a typical expression of mes-
enchimopathy with microvessel alterations.

e It is, above all, an endocrine-metabolic disorder that may or
may not be associated with lipolymphedema, localized adi-
posity, and lipodystrophy with an alteration of the interstitial
matrix and connective tissue. It, therefore, presents various
aspects that call for different therapies.

e First and foremost, it displays alterations of the purifying
organs that must be controlled and brought back into bal-
ance. There are also alterations of the basic regulation of tem-
perature, pH, and the oxidation-reduction systems.

e Such alterations can be discovered with tests to assay free
radicals and heavy metals, and by video capillaroscopy.
These dismetabolic situations can be corrected through diet
(especially protein therapy in two-week cycles), physical
activity, and polyvitaminic, alkalinizing, and orthomolecular
therapy [3-10].

e Cellulite is often also associated with venous lymphatic insuf-
ficiency; however, cellulite formation occurs before, not after,
the venous disease. It is the cause, not the effect.

e Lipolymphedema and cellulite are the greatest expressions
of an alteration of the functionality of the cleansing organs.
We also know that unnecessary nongraduated elastic stock-
ings are one of the causes of superficial cellulite due to
compression and the slowing of microcirculation [11].

We know that three forms of edema can be associated with
cellulite disorder: venous edema, lymphatic edema, and lipedema.

1. What is venous edema?
Venous edema is basically characterized by a release of
kinins, toxic substances, and iron that carries calcium with
it. It is an edema associated with phlogosis of the tissues and
deposition of hemosiderin.

2. What is lymphedema?
Lymphedema is a pathological condition characterized by
a state of tumescence of the soft tissues, usually superficial,
due to accumulation by stasis of high protein-content lymph
caused by primary and/or secondary alterations of the lym-
phatic vessels. Lymphatic edema is linked to alterations of the
lymphatic vessels, and is characterized by free water in the
interstices that has bonded with proteins and solutes, forming
an edema of lymph with interstitial hyperpressure [12].

3. What is lipedema?
Lipedema is a particular syndrome characterized by subcu-
taneous deposition of fatty tissue and water, especially in the
buttocks and lower limbs, which may or may not be associ-
ated with lymphedema and/or lipodystrophy [13,14]. It is an
edema characterized by an increase of free water in the inter-
stices; it is not lymph—it is free water and fatty tissue.

Lymphedema
Lymphedema is a chronic and progressive affliction that is very difhi-
cult to cure. The aim of treatment is to keep the disease stable in order
for the patient to live normally. In this type of pathology, the first
component is edema and the second is fibrosis. The increase of pro-
tein levels in the tissues contributes to the development of edema and
probably causes chronic inflammation and subsequently the fibrosis.
The basic clinical sign of lymphatic problems, either mechan-
ical or dynamic, is a cold and pale swelling, which is initially vis-
cous and later hardens but is not painful in most cases. With the
increase in severity of edema, there is an increase in limb volume.
At this point, it is not sufficient to hold the limb in an elevated
position in order to reduce edema; fibrosis is already present.

Lipedema and Lipolymphedema

Lymphedema is described as a pathology characterized by
a tumescent state of soft tissues, usually superficial [15], and is
related to an accumulation of lymph with high protein content
due to stasis in the interstitial space. It is determined by primary
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and/or secondary damage of the transport vessels. In contrast,
lipedema is a particular syndrome with a poorly understood eti-
ology characterized by fat and water deposits in the subcutaneous
tissue (particularly in lower limbs and gluteal muscle), and associ-
ated with lymphedema and/or lipodystrophy.

Lipedema was described for the first time as an accumulation
of subcutaneous fat with hard leg edema excepting the feet. In
various descriptions [16], the following observation has always
been underlined: foot hypothermia with a localized gradient
of temperature. Such pathology, often superficially defined as a
lymphedema or venous insufliciency or cellulite, is observed in
more than 65% of women between the ages of 14 and 35 years,
becoming lipodystrophic lipolymphedema after the age of 40. The
common characteristics of a lipolymphedema are the absence of
venous insufficiency (eventually secondary) and the close relation
with the fat tissue metabolism.

Lipolymphedema is a syndrome of unknown etiology, charac-
terized with fat deposition in the subcutaneous tissue and associ-
ated with orthostatic and recurrent edema in the legs and gluteal
muscle that induces the impression of an increased volume in the
limbs. Lipedema always begins in the legs, excluding the ankle
and foot, which makes it different from lipolymphedema. It can
be related to weight increase but is often independent of it. It is
often related to familial factors. The characteristic of this extremely
frequent disease is that edema always succeeds fat deposition. The
latter is subsequent to endocrinometabolic disorder of the inter-
stitial matrix and is not accompanied with obesity.

The edema here is not caused by structural changes of veno-
lymphatic vessels, but by the modified ratio of the distance from
the adiposity and connective structure with a loss of support. It is
an edema that worsens with walking and standing, in contrast to
phlebolymphedema. Another difference from lymphedema is its
softness and the possibility of its making a skin fold that is not
obstructed by the viscosity. Thus it is different from lipolymphedema,
phlebolymphedema, Barraquer-Simmond disease (characterized
by upper body thinness), and Dercum syndrome; the latter, which
is clinically similar, has an etiology related to toxicities of the
autonomous nervous system linked to an intestinal dysbiosis.

Dercum Syndrome

The word “lipodystrophy” means a pathology characterized by
structural and functional damage of adipose tissue. Lipodystrophy
can be associated with some form of lipolymphedema, the more
typical being Dercum lipodystrophy or painful lipodystrophy.
Women are affected early with recurrent lipedema. Typically
painful fat nodules are often preceded by the appearance of lipe-
dema and are often associated with asthenia, neuropsychic and
adynamical troubles (depression or anxiety), and intestinal dys-
biosis. Limb pain is different from the pain of lipolymphedema or
from superficial hypoxia, where pain is induced by pinching the
subcutaneous tissue and is associated with tissue viscosity due to
interstitial hyperpressure of toxic lymph.

Pathogenesis of the Dercum syndrome is not endocrine or
metabolic (as in recurrent lipedema), but from nerve damage of
the neurovegetative—either the hypothalamic or the peripheral—
system. Interstitial inflammation phenomena have been dem-
onstrated to be related to the nervous network linked to the
adipose tissue in the environment of the extracellular matrix.

In this context, bacteria from intestinal origin have also been
found. This disease is certainly attributable to a suffering of inter-
stitial mesenchyma with exaltation of the lipogenesis (slowdown
of the microcirculatory flux and damage of the o.-2-fibers) due to
the damage to the peripheral neurovegetative regulatory system.

“Big Leg”

For Robert Stemmer [16], famous French phlebologist and mem-
orable president of the International Union of Phlebology, “big
leg” means a lower limb in which volume increase is measurable
and palpable. A total or partial big leg can be observed, but there
are also different kinds of big leg such as venous, post-phlebitis
syndrome, posttraumatic, angiodisplasic, lymphatic, adipose, or
cellulitic big leg. The main characteristic of big leg is edema—
systemic, lymphatic, venous, or interstitial edema. Considering
that lymphatics run in the interstitial subcutaneous tissue, it is
easy to assume that the increase of lymphatic edema or of adi-
pose tissue could induce a lymph slowdown. We know that there
is a neoangiogenesis, stimulated by collagen production, obtained
after adipocyte rupture. Such collagen production also stimulates
fibrinogenesis and vascular formation. The difference between
localized adiposity and lipodystrophy or angiolipodystrophy is
this: Localized adiposity means physiological or pathological
accumulation of fat tissue in determined body areas, without a
dystrophic process. Lipodystrophy means a pathologic affec-
tion of both supporting tissue and subcutaneous adipose tissue,
characterized by various circulatory and metabolic damages. For
this type of pathology, we now essentially use liposculpture.

Interstitial Matrix

These cells represent the functional units of all living organisms
by virtue of their specific structural organization. They possess
complicated biochemical and molecular systems, complexly orga-
nized and highly sophisticated. Such systems not only guarantee
the survival of the cell, but they also (above all) allow numerous
fundamental activities to take place for the biological life of the
cell. This affirmation could appear banal at first: In reality the
cell and its functional organization represent an extraordinary
example of “natural functionality;” as the natures of both are able
not only to organize the constitutive elements of the tissues but
also to predispose them, in the functional sense, to their pre-
cise and mutable adaptation in answer to the different biological
changes that happen every second in the living organism.

An example of the importance of such sophisticated mecha-
nisms is that some cellular passages are open only to sodium but
not to potassium ions, while others are open only to glucose but
not to amino acids. The protein in the transport membrane func-
tions as a real “organ” to a degree that allows, through specific sites
of recognition, the selective entry of substances into cells, deter-
mined by some precise passages. The ionic transport has extreme
importance in biology. Perfect operation of the ionic pumps is
vital for cellular life. The ionic movement through the membrane
is also at the base of the production of adenosine triphosphate
(ATP) in all cells, and particularly for the nervous system [17].

The ionic concentrations in the intra- and extracellular envi-
ronments are shown in Fig. 3.1 [18].

As is known, the large concentration of Na* outside of the
cell is compensated by the concentration of Cl~ while the strong
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Component Intracellular (nM) Extracellular (nM)
Na+ 5-15 145

K+ 140 5

Mg?2+ (citosol) 0.5 1-2

Caz?+ (citosol) 1/100000 1-2

H+ 7 x 1/100000 4 x 1/100000

Cl- 5-15 110

Fixed anions Tall 0

Figure 3.1 The ionic concentrations in the intra- and extracellular environments.

concentration of K* is counterbalanced by a series of negative
intracellular ions. For example, this narrow joining ensures the
activity of the pump only when there are proper ions to transport,
so that there is no wastage of ATP (Fig. 3.2).

Every cell, as a separate living cellular mechanism, has the vital
necessity “to feel” its environment and “to interact” with it, to be
able to survive dispatching its vital functions.

We could say that every cell necessarily has to have a “social
life” and it therefore must develop “senses” that allow it to
communicate with other cells and with the whole extracellular
environment, or rather with the “extracellular matrix”

Extraccl[ulagm l m

Intercellular space

>

-

Phase 1

In a multicellular organism, cells have to coordinate their
behavior in many different ways, exactly as happens in a commu-
nity of human beings; here, in fact, communication is constant
and fervent: Nearby individuals are spoken to and discussions are
held with them; public announcements are transferred to whole
populations; urgent messages are delivered from near or far to
precise individuals; and precise alarms are sounded when dangers
or threats draw near. What would seem difficult to humans is in
reality even more difficult (but not impossible) for the individual
constituents of our body, firmly created to be gathered in “organs”
and “apparatuses” developing precise and defined functions.

-

-

Phase 2

Figure 3.2 The ionic pumps.
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Figure 3.3 Schematic representation of a G protein coupled receptor. The recep-
tors that tie the protein molecules (signal protein) ask for a site at the extra-
cellular matrix level, formed by the polypeptidical substance identified on the
figure. Smaller molecules (signal protein), such as adrenaline, ask for a small
extracellular site.

To transmit a message “person to person,” we can write it on
paper, then repeat it by voice, sending it in the form of “sensorial”
impulses, for example by telephone. This sensorial impulse will
come to another individual that will turn it into nervous impulses.

In the various phases of this simple communicative run, the
same message is represented with different forms of signals: The
real critical points of the transmission meet when information is
converted from one form into another. This process of conversion
is known as “translation of the signal”

THE INTERSTITIAL MATRIX

Cells come into contact with the complicated extracellular
world through their surface, constituted by lipid and protein
molecules composing the plasma membrane. Additionally, they
come into contact with the specific areas of these molecules that
are found, because of their steric and biochemical encumbrance
and their conformation, in the extracellular environment, forming
intimate and complex biochemical-functional relationships with
the extracellular matrix. Thanks to the continuous activity of this
real interface of cellular contact, the cells are able to recognize
other cells, near or distant, as real functional entities of a similar
subject, or as structures extraneous to them; to send and to con-
tinually receive chemical and physical signals; and to stick to
other cells or other substances present in the interstitial spaces of
the extracellular matrix. For example, cellular receptors have great
importance, especially the receptors that tie the molecular protein
conducting the signal to the extracellular matrix, where the union
happens with the membrane (Fig. 3.3).

The cellular membranes are responsible for the internal orga-
nization of cells as well as for interaction with external stimuli
and for “structural integrity” The plasma membrane prevents a
mixing of cellular contents with extracellular molecules and acts
as the first element of “contact” between the cells and the extracel-
lular environment. The composition and the maintenance of this
structure is essential for the generation and regulation of different
functional signals and biochemicals, both in the normal and in
the pathologic cells [19,20].

The extracellular matrix is represented by a complex structural
entity that surrounds, nourishes, and furnishes support to all
the cells. The extracellular matrix is generally described as being
composed of three biomolecular classes of substances:

1. structural proteins (collagens and elastin)
2. specialized proteins (fibrillates, fibronectin, laminin, etc.)

Synthesis of Formation of Three-dimensional
tropoelastin > filaments of 5nm > functional
aggregation (network)
L

=

Exposure of the three-
dimensional functional network
to some proteasis of the
extracellular matrix

A

Formation of the
intermolecular
cross-links

desmosin

Stabilization
of network

Figure 3.4 Interpretative scheme of the formation of the elastin from the tropoelastin.
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3. proteoglycans (composed of a “core” of protein with long
chains of two saccharides of glycosaminoglycan forming,
in such a way, complexes of high molecular weight that
represent a cardinal part of the extracellular matrix)

The connective system has great importance in the intersti-
tial matrix. Many trials could be represented by the scheme in
Fig. 3.4, reported to be the interpretative scheme of the formation
of elastin by tropoelastin.

Therefore, it appears fundamental to begin to consider cellular
homeostasis, both in a molecular and in an anatomic-functional
biological sense, as a complex interaction of mechanisms and
reactions that can begin and also evolve from the outside of the
cell in the extracellular matrix [21]. The cellular matrix, the fun-
damental substance for life, is found as a rule as a solution. Some
alterations can make it vary into a gel. These variations play a
role in physical, chemical, and metabolic changes, among which
are the alterations typical of cellulite [22]. In the dermal site and
in the superficial subcutaneous site, we can have an activation
of “metalloproteases-2” directly connected with the evolution of
lymphedema, lipolymphedema, and mesenchymopathies [23-28].
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4  Definition, Clinical Aspects, Classifications, and Diagnostic Techniques
Doris Hexsel, Taciana de Oliveira Dal’Forno, and Rosemarie Mazzuco

Definition
Cellulite is a very common topographical alteration [1,2] in
which the skin acquires an orange peel, mattress or cottage
cheese appearance (Fig. 4.1) [3,4]. There are many theories to
explain the physiopathology of this condition. The majority
of the theories involve modifications that occur to the adipose
tissue and microcirculation, resulting from blood and lymphatic
disturbances, causing fibrosclerosis of the connective tissue [2].
It is generally considered a non-inflammatory, degenerative
phenomenon that provokes alterations to the hypodermis [5]
producing irregular undulations on the skin overlying affected
areas.

Cellulite results from many complex events that involve the
epidermis, dermis and subcutaneous tissue [1]. Cellulite can be
divided into four stages:

1. alterations to the precapillary arteriolar sphincter, leading
to changes in vascular permeability and capillarectasia
resulting in pericapillary and interadipositary transudation,
leading to edema;

2. edema, provoking metabolic changes that result in hyper-
plasia and hypertrophy of the reticular network, leading to
the formation of pericapillary and interadiposity transuda-
tion, leading to edema;

3. organization of collagen fibers around groups of adypocytes
forming micronodules; and

4. union of the micronodules to form the macronodules that
cause sclerosis [6].

Anatomically, the cutaneous alterations found in cellulite
are largely due to fibrosis of the connective tissues present in
the dermis and/or in the subcutaneous tissue [7]. The connec-
tive tissue of the reticular dermis is connected to the deep fascia
(SMAS), by means of the interlobular trabeculas (fibrous septa).
Subcutaneous fat lobes are separated from one to another by
these thin, usually rigid strands of connective tissue, which
cross the fatty layers and connect the dermis to the underlying
fascia. These septa stabilize the subcutis and divide the fat [8]. The
shortening of these septum due to fibrosis provokes retraction at
the insertion points of the trabeculas [9], causing the depressions
that are characteristic of cellulite.

Niirnberger and Miiller studied the anatomy and histology of
fat and the connective tissue structure of the subcutaneous tissue
in cellulite patients. They demonstrated the anatomical basis of
the characteristic mattress aspect of cellulite and pointed out
important differences in the organization of the subcutaneous
between genders [10,11]. They also showed that in women the
fibrous septa are usually orientated perpendicularly in rela-
tion to cutaneous surface, while in men they have a crisscross
pattern [11]. Several studies have shown that the fat is divided
into lobes, and in women these are larger and more rectangular
when compared with those in men [4,11-15]. These anatomical

and histological findings explain the greater frequency of
cellulite in women.

Nomenclature

In France in 1920, Alquier and Paviot described cellulite as
an unaesthetic condition [6,16]. In the same decade, Lagueze
described cellulite as a disease of the hypodermis, character-
ized by interstitial edema and an increase in subcutaneous
fat [17].

Initially Curri denominated cellulite as nodular liposclerosis
[6,18] and, later, adopted the term “cellulitic dermohypodermosis”
[19]. In 1958, Merlen defined cellulite as a histoangiopathy [20]
and, in 1978, Benazzi and Curri, after a histopathological study,
suggested the term “sclerotic-fibrous-edematous paniculopathy”
[21,22]. Nurberguer and Miiller used the name panniculosis of
the dermis [16,23] to describe cellulite from the histopathological
viewpoint. Bacci and Leibaschoff suggest the terms cellulitic
hipodermosis [16].

In recent years, the term “gynoid lipodystrophy” (GLD) has
been mentioned in some studies [2,9,24]. The terms hydrolip-
odystrophy or herniation of the fat with hypodermic tension
bands are also used to describe cellulite [25,26].

The presence of the suffix “ite” in a medical term indicates
inflammation, therefore, the term cellulite is more appropriately
used to designate inflammation and/or infection of the subcu-
taneous tissue [27]. However, the term cellulite has become very
popular, and its use has been consecrated [20,28], being accepted
throughout the world. Other synonyms often used for cellulite are
listed in Table 4.1.

Clinical Aspects

Although it is found in all age groups and in both sexes [10,29,30],
cellulite occurs mainly in women [6,31], especially after puberty
[32] and in obese people, being considered a normal manifesta-
tion of obesity by Burton and Cunliffe [12,29].

There is evidence to suggest that estrogen is the most prob-
ably involved element in the initial dysfunction, aggravation and
persistence of cellulite [1,20,33]. The greater incidence of cellulite
in females, post puberty onset, the worsening of the condition in
relation to some conditions, such as pregnancy, menstrual cycle,
use of contraceptives and hormonal replacement, are cited to
support this hypothesis [1].

Cellulite normally manifests itself in areas of greatest fat accu-
mulation, such as the buttocks, thighs [29] (Fig. 4.2), flanks,
abdomen [6,29] and upper legs [26,29,32].

The lesions are essentially asymptomatic. However, in severe
cases of cellulite, symptoms such as a sensation of weight and
pain are reported by patients in the affected areas [10,20,29].
Some authors believe these probably occur as a result of compres-
sion of the nervous terminals or the presence of inflammatory
reactions [16,19].
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The main clinical manifestations of cellulite are:

1. flaccid “mattress-like” skin, with multiple depressions and
some elevations, caused by irregular retraction of the skin,
forming a surface where protuberances and depressed areas
alternate (see Fig. 4.1) [6,16,34];

2. “orange peel” skin due to the tumefaction of the skin and the
dilation of the follicular pores [6,16,34];

3. “cottage cheese” (1) appearance of the skin in the affected
areas.

The cutaneous surface alterations that characterize cellulite
are predominantly depressed, when compared to cutaneous
surface of the affected area [29]. These depressions have the
same color and consistency as normal skin, and the number
of lesions may vary from one to many [29]. The shape of these
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Figures 4.1a, 1b and Ic Clinical aspect of cellulite.

lesions is varied [29]: rounded, oval or linear (Fig. 4.3). Most
lesions are oval, as the longest axis of the lesions lies parallel
to the relaxed skin tension lines (Figs. 4.4a-e). They are usually
found in the lower portion of the buttocks and the upper
thigh (see Figs. 4.4a-e), where just below the gluteus fold, the
longest axis is in the horizontal direction, with the lateral
extremities slightly elevated. In these locations cellulite may
be more evident due to the flaccidity of the epidermis, which
tends to become aggravated with age. This can be demonstrated
by the diminishing or even the disappearance of the lesions
when the buttocks are lifted to their original position. It is
interesting to note that lesions not presenting this disposition
in relation to the relaxed skin tension lines, in general, origi-
nate from secondary fibrosis of the subcutaneous tissue, such
as injections trauma, etc.
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Table 4.1 Classification of cellulite

Grade or stage 0 (zero)

There is no alteration to the skin surface

Grade or stage I

The skin of the affected area is smooth while a subject is standing or lying, but
the alterations to the skin surface can be seen by pinching of the skin or with
muscle contraction (Fig. 5).

Grade or stage IT

The orange skin or mattress appearance is evident when standing, without the
use of any manipulation (skin pinching or muscle contraction) (Fig. 6).

Grade or stage I11

Presence of alterations described for grade or stage II plus raised areas and
nodules (Fig. 7).

Classification

Several authors have classified cellulite into four clinical stages
or grades (shown in Table 4.1), based on clinical alterations
observed with the patient standing at rest and/or applying pinch
test or muscular contraction [6,29,34], to make the lesions more
evident.

While the current classification of cellulite (Table 4.1) describes
different grades of this condition, which is very important, addi-
tional key morphological aspects affect the severity of cellulite and
are useful in clinical evaluation and to define treatment options.
For this reason, Hexsel, Dal’Forno and Hexsel created and vali-
dated a new method to measure and classify the severity of cellulite,
called Hexsel, Dal 'Forno & Hexsel Cellulite Severity Scale (CSS).
This scale complements the current classification by suggesting
the assessment of additional important clinical and morphological

Figure 4.2 Areas commonly affected by cellulite: upper part of the thighs and
buttocks.

Figure 4.3 Oval and linear lesions of cellulite.

aspects [35] (Attachment 1 - Cellulite Assessment Protocol). The
proposed new scale expands the current classification by adding
four items, therefore allowing a comprehensive measurement of the
intensity of the condition. It is an objective method that facilitates
patient follow-up and allows a better measurement of treatment
outcomes. In CSS, each morphological aspect of cellulite is graded
from 0 to 3, allowing a final sum of scores which range numerically
from 1 to 15. The scores of these five items of the new CSS facilitate
the objective quantitative and qualitative classification of cellulite
as mild, moderate or severe. Data analysis of CSS demonstrated
that it is a consistent, comprehensive, reliable and reproducible tool
for the complete assessment of cellulite severity and can therefore,
be successfully used by dermatologists as a valuable instrument for
research and clinical evaluation of patients with cellulite.

Cellulite is diagnosed based on clinical alterations to the skin
surface, without specific histological or laboratorial findings.
Based in its clinical concept, it can also be classified as either pri-
mary or secondary cellulite. In primary cellulite, lesions appeared
spontaneously as a consequence of its anatomical bases; no aggra-
vating factors or secondary causes, such as traumas, are involved.
In secondary cellulite, lesions are related to secondary causes,
such as increase in localized fat, important saggy, loose skin, pre-
vious traumas, including traumas from liposuction, lipoatrophy
after injections of lipodissolve agents, subcutaneous fibrosis from
any inflammatory/infectious process. These circumstances may
be present accompanying or aggravating primary cellulite and
should be detected and investigated through the medical history
and physical examination. Treatment, in this case, implies the
correction of the primary factor.
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(b)

Y

Figure 4.4 Relaxed skin tension lines mapped on body scheme. (a) The left half shows the frontal view and the right half, the back view. (b-e) Cellulite lesions follow the

relaxed skin tension lines.

Clinical Evaluation of Cellulite Patients

As with other pathologies, the medical history should be detailed
in the evaluation of cellulite. The patient should be questioned
regarding the age of onset of cellulite, prior occurrence of trauma,
liposuction or injections in the affected area, the history of prior
disease or surgery, family history, the presence of chronic vas-
cular or associated hormonal diseases, the occasional or reg-
ular use of medications and previous or current history of hor-
monal treatment or the use of any medicine that may contribute
toward increasing the deposit of fat in the affected areas. Other
aspects that should be researched with patients are: sedentary
life, diet programs, psychosomatic factors, smoking habits, prior
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pregnancies and the behavior of cellulite during pregnancy or
other conditions.

Although smoking and circulatory problems are frequently
cited as causative agents of cellulite, in the experience of the
present authors, in a sample of 1500 patients with high degree cel-
lulite, the vast majority were neither smokers (more than 85%)
nor those having varicose veins or other circulatory problems.

The physical examination should be performed with the
patient in standing position with muscles relaxed [9,10,29].
Cellulite can be better observed if the pinch test is applied in the
affected areas. The pinch test is performed by pinching the skin
between the thumb and index finger to form a fold by skinfold
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Figure 4.5 First degree cellulite, in which there are no alterations to the skin surface
in standing position and relaxed gluteous muscles. Alterations are found under the
pinch test applied to the skin of the affected area.

plicometry or through the contraction of the muscles in the area
(Figs. 4.8 and 4.9) [9]. Overhead or tangential illumination of
the patient facilitates the visualization of cellulite lesions [29].
There are significant differences in the appearance of cellulite,
depending on the position and the method used for its classifica-
tion. For this reason, the standing position is the most recom-
mended for the examination of a patient with cellulite.

Palpation should always be performed to check the elasticity of
the skin and subcutaneous tissue. However, at present, there are
no exact parameters for the classification of skin elasticity.

Figure 4.6 “Orange peel” or “mattress appearance” of second stage of cellulite.

Figure 4.7 Third degree cellulite showing raised and depressed areas and modules
plus orange peel or mattress appearance.

Venous or lymphatic insufficiency may, in theory, aggravate
cellulite and should be checked during the physical examination [36].

One should make note of the presence of varicose and telangi-
ectatic leg veins as well as any pitting edema or indurations of the
skin. A Doppler or duplex ultrasound examination of the super-
ficial venous system will also help to classify the significance of
venous insufficiency and its efficient treatment.

Aggravating Factors

A number of clinical conditions are frequently found accompa-
nying or aggravating cellulite, especially obesity, localized fatty
deposits and flaccidity.

Obesity promotes a generalized increase in body weight
(skeletal, muscular, interstitial fluid, organ hypertrophy, etc.).
After a return to the original baseline weight, an increased accu-
mulation of fat can be observed [37]. The clinical manifestation of
localized adiposity is an increase in the ill-defined symmetrical
and bilateral diffuse volume, owing to an increase in the adipose
tissue [29]. The localized increase in adipose tissue in the sub-
cutaneous tissue leads to the aggravation of cellulite lesions by
contributing to a worsening of the irregular undulations of the
skin. The increase in subcutaneous fat leads to the appearance of
raised areas as well as to an augmentation of tension forces within
the lobes, aggravating the depressions, causing an effect similar to
that of a stuffed quilt [29]. These also contribute to the appearance
of the mechanical and circulatory alterations in the fat lobes, that
may occur in cellulite. Greater thickness of the subcutaneous fat
in the affected areas may be seen by histopathological examina-
tion and can be measured by special instruments or by the pinch
test (Fig. 4.9) [37].

Rosenbaum et al. described the exacerbation of cellulite with
weight gain and the correlation with the Body Mass Index (BMI).
This study demonstrates the protrusion of the adipose tissue into
the dermis when the volume of subcutaneous fat is augmented,
which explains the mattress-like appearance [31].

Flaccidity or loose skin is caused by physiological ptosis of the
subcutaneous structures, making the skin permanently distended
and loose. This condition frequently occurs in the buttocks,
thighs, the region above the knee and the inner surface of the
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Figure 4.8 Pinch test using aial device, the skinfold plicometry.

arms, regions where the skin probably has less retentive capacity
and suffers the mechanical action of weight exerted by the adipose
tissue and by the other subcutaneous structures [29]. The weight
of these structures also increases, the effects of gravity worsen the
alterations to the skin surface, seen as laxity and looseness [29].
The reduced elasticity of the skin, sudden loss of weight [29] or
subcutaneous fat due to liposuction [38] are conditions that can
bring about or aggravate flaccidity.

Figure 4.9 Patient with cellulite secondary to flaccidity or loose skin. Alterations to
the skin surface became more evident pinching the skin.
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Figure 4.10 The patient shown in Fig. 9 showing improvement to the skin surface
when stretching the skin in the direction opposite to forces of gravity.

Being of great importance, the presence of flaccidity or other
aggravating conditions should be evaluated in patients with cellulite.
In the absence of flaccidity, a distension test of the skin and subcu-
taneous tissue in the antigravity direction tends not to diminish the
lesions. In the presence of flaccidity, however, such a test can lead to
the reduction or even disappearance of cellulite lesions (Fig. 4.10).
The pinch test causes an increase in tension inside the lobes, making
cellulite more evident, as the lobes bulge and aggravate the traction
of the septa in the pinched area (Fig. 4.11). Moreover, flaccidity has
a similar effect to that of pinching by compressing the lobes and,
thus, augmenting the tension within them. This situation is respon-
sible for the emergence or worsening of cellulite lesions, especially
after the fourth or fifth decade of life when the elastic properties of
the skin diminish [39]. This, together with the weight of the subcu-
taneous fat, determines the worsening of distension of the skin.

Other notable conditions that cause secondary cellulite or that
aggravates cellulite are subcutaneous fibrosis caused by previous
surgery, mainly liposuction and the subcutaneous fibrosis and
lipoatrophy originating from the trauma or caused by injections
in the affected areas. Alterations to cutaneous surface resulting
from liposuction usually appear late, from three months to one
year after surgery. They may be slight, moderate or severe, and
always emerge in previously treated areas, such as the lateral and
posterior thighs, buttocks, abdomen (Fig. 4.12), flanks and the
region above the knees. Like cellulite, the cutaneous sequelae from
liposuction are predominantly depressions, but also raised and
depressed areas may intercalate and vary in number and shape,
as a reflection of the number and variety of liposuction cannula
insertions, as well as the size and type of cannulas used in the
procedure. Generally, they form larger depressions with bizarre
shapes and do not necessarily follow the direction of the relaxed
skin tension lines, as seen in primary cellulite lesions. Instead,
they follow the direction of cannula insertion (Fig. 4.12).

The cutaneous surface alterations caused by previous injections
(such as insulin injections in diabetics) occur in places where the
injections are normally applied, that is, in the upper, outer quarter
of the buttocks. They also vary in number and shape, and usually
do not follow the skin tension lines.
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Figure 4.11 Pinch test, which makes the septa pulling the skin surface more evident.

Atrophic scars in the areas often affected by cellulite can also
simulate or aggravate cellulite.

Other Diagnostic Techniques
The Body Mass Index (BMI) is widely used and cited by
some authors, as a simple, low cost examination, considered

Figure 4.12 “Cellulite-like” liposuction sequelae on the abdomen, one year after
the surgery.

Figure 4.13 Macroscopic aspect of subcutaneous fat from a corpse.

fundamental for the evaluation of the clinical cellulite [6,40].
This is a quantitative method that measures weight and height in
order to assess the degree of obesity [40]. By using this index, it is
not possible to distinguish the percentage of body fat in the mus-
cular mass. BMI is an uncertain diagnostic index of obesity [41].
Studies reveal that the estimation standard error of the percentage
of body fat of BMI was approximately 5-6% [40].

The present authors evaluation of a small sample of 32 patients
aged between 18 and 45 years old, by physical examination, BMI
calculation, assessment of body fat percentage by skinfold plicom-
etry [40], revealed that cellulite manifested even in patients with a
low percentage of body fat and a normal BMI.

Two-dimensional ultrasound is a non-invasive method of eval-
uating variations [42,43] and alterations of the subcutaneous fatty
tissue, and with the assistance of Doppler, it evaluates the local
circulation [6]. This examination has been used in some studies for
the evaluation of cellulite, and has demonstrated a diffuse pattern
of extrusion of underlying adipose tissue into the reticular dermis
in affected individuals, but not unaffected individuals [2,31].

Computerized tomography [44] and magnetic resonance
imaging (MRI) [45,46] are examinations used for measuring
the thickness of the adipose tissue, which do not allow evalua-
tion of the dermis or microcirculation [6]. In one study, the MRI
quantified deeper indentations of adipose tissue into the dermis
and evidenced for the first time a great increase in the thickness
of the inner fat layer in women with cellulite [47].

Mirrashed et al. successfully showed that in vivo MRI can visu-
alize changes in skin architecture associated with cellulite. The
structural alterations of the skin correlated with cellulite grade
were measured by assessment of the hypodermis and dermis
thickness, the percentage of hypodermic invaginations inside the
dermis, and the percentage of adipose vs. connective tissue in a
given volume of the hypodermis [48].

A study conducted by Hexsel et al. aimed to compare the
subcutaneous tissue in the areas with and without cellulite on
the buttocks of same subjects with MRI. This exam was used to
measure the adipose volume according to body site and for
the visualization of the subcutaneous structures. Thirty female
patients participated in the study. An area with cellulite and
another without cellulite on the contralateral buttock were
selected to be evaluated by MRI. Two soft gelatin capsules of
different sizes were used as skin markers. Thicker fibrous septa
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Figure 4.14 Lipomatosis from cellulite.

were visualized in 96.7% of the cellulite depressions, most of
them were ramified, although in the areas without cellulite, MRI
showed that only 16.7% fibrous septa. All fibrous septa found
in the examined areas were perpendicular to the skin surface.
This study showed that cellulite depressions were significantly
associated to the presence of underlying fibrous septa [49].
Although invasive, histological examination may be useful
as a method for evaluating cellulite [3,6,13], it is only rarely
used. The stains used in this examination include hematoxylin-
eosine for routine histological examination, Alcian blue for
polysaccharides, periodic acid-Schiff for basement membranes,
Weigert-Van Gieson (fuchsin-resorcin and acid fuchsin) for
highlighting elastic, collagen and flat muscle fibers, and, Masson
trichromic to demonstrate contrast between collagen and muscles
fibers [6]. With this examination, it is also possible to observe the
diffuse extrusion pattern of underlying adipose tissue distending
the reticular dermis in people with cellulite [31]. The macroscopic
aspect of subcutaneous fat from corpses is shown in Fig. 4.13.

Differential Diagnosis
As previously mentioned in this chapter, of particular impor-
tance in the differential diagnosis of cellulite are aggravating and

Figure 4.15 Lipomatosis from cellulite.
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associated conditions, such as localized deposits of fat [13],
flaccidity, liposuction surgical sequelae (Fig. 4.12) or from other
traumas [50], presence of lipomas or lipomatosis (Figs. 4.14 and
4.15), and depressions caused by multiple atrophic scars, after
furunculosis or other pathologies, in the affected areas. It is also
necessary to differentiate from cellulite those cutaneous depressions
that occur as a result of injections of medicines that cause fibrosis
or atrophy of the subcutaneous tissue, for example, corticosteroid
injections [51]. When unilateral, localized scleroderma or morphea
should be part of the differential diagnosis [29]. In these cases, the
treatment of these conditions is crucial and mandatory.

Conclusion

Cellulite is a common and challenging condition, currently
affecting almost every woman from every culture and country. It
can be considered an anatomical expression of normal structures
of the affected area. This condition is easily diagnosed. Evaluation
of the morphological clinical aspects and associated conditions
are important to determine the degree and severity of cellulite
and other factors involved in its origins as well as to indicate
different treatment options.
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APPENDIX A

CELLULITE ASSESSMENT PROTOCOL
Name:
Age:
Color:
Phototype:
Descent:
Height:
Weight:
BMI:
Cellulite family history: () Yes () No
Age of onset:
Compromised areas:
Previous treatments:
Concomitant Diseases:
Drugs Utilization:
Assessed Region:
Hexsel & Hexsel e Dal Forno Cellulite Severity Scale

A) Number of evident depressions

This item refers to the total number of evident depressions
by visual inspection in the area to be examined. The scores are
expressed as:

ZERO = None/no depressions

1 = A small amount: 1 to 4 depressions are visible
2 = A moderate amount: 5 to 9 depressions are visible
3 = A large amount: 10 or more depressions are visible

B) Depth of depressions

This item evaluates the depth of depressions by visual inspection
of the affected areas; comparison to the pictures of CSS is recom-
mended.

ZERO = No depressions

1 = Superficial depressions
2 = Medium depth depressions
3 = Deep depressions

C) Morphological appearance of skin surface alterations
Item C assesses the different morphological patterns of skin surface
alterations; comparison with the pictures of CSS is recommended.

22

ZERO = No raised areas

1 = “Orange peel” appearance
2 = “Cottage cheese” appearance
3 = “Mattress” appearance

D) Grade of laxity, flaccidity, or sagging skin

Laxity, flaccidity, or sagging skin confers the affected skin a draped
appearance. This effect aggravates the appearance of cellulite. Item
D assesses the grade of flaccidity, and comparison to the pictures
of CSS is recommended.

ZERO = Absence of laxity, flaccidity, or sagging skin

1 = Slight draped appearance
2 = Moderate draped appearance
3 = Severe draped appearance

E) Classification by Niirnberger and Miiller [10]

This item is based on the current classification of cellulite, shown
in Box 1. Patients should be evaluated in the standing position
with relaxed gluteus muscles. However, if the patient has no evi-
dent depressions, they should be asked to contract their gluteus
muscles or the pinch test should be applied (by pinching the skin
between the thumb and index finger) in order to differentiate
between scores zero and 1.

ZERO = Zero grade

1 = First grade
2 = Second grade
3 = Third grade

Scoring system of Cellulite Severity Scale and cellulite new
classification

Points Cellulite New Classification
1to5 MILD

6to 10 MODERATE

11to 15 SEVERE




DEFINITION, CLINICAL ASPECTS, CLASSIFICATIONS, AND DIAGNOSTIC TECHNIQUES

Photonumerical Scale

A - NUMBER OF EVIDENT DEPRESSIONS

NONE/No depressions A SMALL AMOUNT: 1 to 4 A MODERATE AMOUNT:5 to 9 A LARGE AMOUNT: 10 or more

A O B 1 )y X

B - DEPTH OF EVIDENT DEPRESSIONS
NO EVIDENT DEPRESSIONS SUPERFICIAL MEDIUM DEPTH

C - CLINICAL APPEARANCE OF EVIDENT RAISED LESIONS
NO RAISED AREAS "ORANGE PEEL" “COTTAGE CHEESE" “MATTRESS"

D - PRESENCE OF LAXITY, FLACCIDITY OR LOOSE SKIN
ABSENCE OF LAXITY, SLIGHT MODERATE SEVERE
D FLACCIDITY OR LOOSE SKIN

0 y il 2 3 /

E - DEGREE OF CELLULITE _ ]
ZERO DEGREE 1" DEGREE (relaxed) {contracted) 2™ DEGREE 3" DEGREE

1 2 3

Figure 4.16 CSS - Cellulite Severity Scale.




5  Cellulite Pathophysiology
Zoe Diana Draelos

Introduction

Cellulite is the most common poorly understood aesthetic condition
affecting females worldwide [1]. This can be verified by the many
names ascribed to this uneven bumpy skin texture on the buttocks
and thighs including adisposis edematosa, dermopanniculosis defor-
mans, status protrusus cutis, and gynoid lipodystrophy (Fig. 5.1) [1].
Under ultrasound visualization, cellulite appears as low-density fat
herniations into the denser dermal tissue [2]. There are many the-
ories purported to describe the pathophysiology of cellulite, none
can be verified however. These theories include: dietary influences,
genetically determined fat deposition, vascular insufficiency, excess
adipose tissue, and chronic inflammation (Table 5.1) [3]. This chapter
will present the currently espoused theories allowing the reader to
determine which most closely approximates clinical experience.

Dietary Influences

The theory that diet contributes to the pathophysiology of cellulite
has been popularized by the consumer press. Articles abound stating
that a low carbohydrate, low fat, low salt, high fiber diet can mini-
mize cellulite. A controlled medical study to verify the effect of diet
on cellulite minimization has never been conducted; however, a low
calorie diet, which might be low in high calorie carbohydrates and
fats, may decrease adipose tissue and improve cellulite [4]. Low salt,
high fiber diets may indeed decrease extracellular fluid volume thus
minimizing vascular effects.

When considering how diet affects the pathophysiology of
cellulite, it is interesting to look at how cultural eating habits may
contribute. Cellulite is more commonly seen in Caucasian females
than Oriental females. It is true that visualization of skin texture
irregularities is easier in fair skin, yet Oriental females seem to
demonstrate less cellulite. One theory regarding the pathophysi-
ology of cellulite is the affect of diet on circulating estrogens. The
consumption of cow’s milk in the Orient is low; however, much
of the milk consumed in the United States contains estrogens
that enter the milk from the food fed to the cows. Anther pos-
sible explanation is reduced endogenous estrogen production in
Oriental females who consume large amounts of fermented soy in
the form of tofu or soy nuts. Fermented soy is high in phytoestro-
gens, which may suppress adrenal and ovarian estrogen production,
which is not the case with the estrogens ingested in cow’s milk.

Thus, one explanation for cellulite is a poor diet leading to the
deposition of excess fat, fluid retention, and a high circulating
estrogen level [5]. Another theory is that cellulite is present due to
predetermined genetic influences.

Genetically Determined Fat Deposition

Many researchers believe that the pattern of adipose deposit that
leads to cellulite is genetically determined [6]. Thus, women will
age and deposit fat in the same areas as their mother regardless of
diet or estrogen stimulation [7]. This may be due to a hormone

Cellulite

Figure 5.1 The most common location for cellulite is the upper posterior thighs. It may also occur on the upper posterior arms, buttock, and anterior thighs.

Source: Wikipedia.
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Table 5.1 Cellulite Pathophysiology Controversy

Cellulite theory

Dietary Influences

Pros

exhibit less cellulite
Genetically Determined Fat Deposition
exhibit cellulite
Vascular Insufficiency

Excess Adipose Tissue
Chronic Inflammation

Oriental women who consume phytoestrogens in soy
Daughters of mothers with cellulite are also likely to

Deterioration of dermal vasculature results in increased
fluid retention and cellulite appearance

Women with more body fat tend to exhibit more cellulite

Inflammation from collagenase breaks down dermal
collagen allowing for adipose herniations

Cons
80% of women worldwide exhibit cellulite regardless of diet

Cellulite can be minimized by less body fat, which is
self-determined

Ultrasound imaging of cellulite shows adipose tissue
impinging on dermis, not only fluid

Weight loss does not eliminate cellulite

Not all menstruating women exhibit cellulite to the same
degree

receptor allele that determines the receptor number and sensi-
tivity to estrogen. This may determine the distribution of subcuta-
neous fat. Pierard espoused this theory noting that cellulite is not
a result of increased body mass, but rather can be influenced by
the inherited waist-to-hip ratio [8].

Vascular Insufficiency

One of the most widely held theories regarding the pathophysio-
logy of cellulite is the effect of vascular insufficiency. Smith
postulates that cellulite is a degradation process initiated by deterio-
ration of the dermal vasculature, particularly loss of the capillary
networks [9]. As a result, excess fluid is retained with the dermal
and subcutaneous tissues [10]. This loss of the capillary network
is thought to be due to engorged fat cells clumping together and
inhibiting venous return [11].

After the capillary networks have been damaged, vascular
changes begin to occur within the dermis resulting in decreased
protein synthesis and an inability to repair tissue damage. Clumps
of protein are deposited around the fatty deposits beneath the skin
causing an “orange peel” appearance to the skin as it is pinched
between the thumb and forefinger. At this stage, however, there is
no visual evidence of cellulite.

The characteristic appearance of cellulite is only seen after hard
nodules composed of fat surrounded by hard reticular protein
form within the dermis. Ultrasound imaging of skin affected by
cellulite at this stage reveals thinning of the dermis with subcuta-
neous fat pushing upward, which translates into the rumpled skin
known as cellulite.

Thus, this theory holds that hormonally mediated fat deposi-
tion, fat lobule compression of capillary vasculature, decreased
venous return, formation of clumped fat lobules, and deposition
of protein substances around clumped fat lobules leads to the
appearance of cellulite.

Excess Adipose Tissue

Some investigators have observed that cellulite is more common
in overweight and obese women. This felt to be due to the presence of
copious fat lobules within the subcutaneous tissue encased in fibrous
septae with dermal attachments (Fig. 5.2) [12]. These fibrous attach-
ments surrounding abundant fat lead to the rumpled appearance
of the skin characteristic of cellulite [13]. Thus, weight loss, which
reduces the size of the fat lobules and removes the metabolic influ-
ences of excess adiposity, improves the appearance of cellulite [14].
Improvement can also be achieved with exercise, since improved
muscle tone creates a better foundation to support the overlying fat.

Chronic Inflammation

The final theory espouses that cellulite is an inflammatory process
resulting in breakdown of the collagen in the dermis providing for
the subcutaneous fat herniations seen on ultrasound. The onset
of cellulite with puberty and menstruation has caused some
researchers to evaluate the hormonal changes necessary for
sloughing of the endometrium [15]. It appears that menstrua-
tion requires the secretion of metalloproteases, (MMP) such as
collagenase (collagenase-1, MMP-1) and gelatinase (gelatinase A,
MMP-2) [16]. The endometrial glandular and stromal cells secrete
these enzymes to allow menstrual bleeding to occur. Collagenases
cleave the triple helical domain of fibrillar collagens at a neutral
pH and are secreted just prior to menstruation. However, the col-
lagenase may not only break down the fibrillar collagens present
in the endometrium, but also in the dermis.

Furthermore, gelatinase B is produced by stromal cells or mast
cells during the late proliferative endometrial phase and just after
ovulation. Gelatinase B is associated with an influx of polymor-
phonuclear leukocytes, macrophages, and eosinophils, which also
contribute to inflammation [17]. A marker for this inflammation
is the synthesis of dermal glycosaminoglycans, which enhance

Cellulite Dimples

Dermis

Muscle

Figure 5.2 The organization of the adipocytes between fibrous septae results in
the dimpling of the skin characteristic of cellulite.
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water binding further worsening the appearance of the cellulite
through swelling. The presence of these glycosaminoglycans has
been observed on ultrasound as low-density echoes at the lower
dermal/subcutaneous junction [18].

The secretion of endometrial collagenase to initiate menstruation
also provides for collagen breakdown in the dermis [19]. With
repeated cyclical collagenase production, more and more dermal
collagen is destroyed accounting for the worsening of cellulite seen
with age [20]. Eventually enough collagen is destroyed to weaken
the reticular and papillary dermis and allow subcutaneous fat to
herniate between the structural fibrous septa found in female fat.
Obviously, if more subcutaneous fat is present, more pronounced
herniation can occur.

Summary

The pathophysiology of cellulite is indeed controversial. Perhaps if
the pathophysiology were understood, more effective treatments
could be developed. It is most likely that cellulite is due to a com-
bination of all the factors discussed including hormones, genetics,
adipose tissue, microcirculation, and chronic inflammation. It
cannot be denied that cellulite is a widespread human condition
more commonly observed in females that worsens with advancing
age. Further research will be needed to elucidate the rest.
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6 Diagnostic Techniques
Molly Wanner and Mathew Avram

Any layperson can recognize cellulite as the dimpled appearance
of the thighs, abdomen, and buttocks of most women. Yet assess-
ment of cellulite has not been well characterized in the medical
literature, and studies of cellulite treatments do not utilize one
consistent modality to evaluate it. The evaluation of cellulite is
confused by the fact that a clear pathogenetic mechanism has not
been proven and by practical difficulties, such as capturing the
dimpling of cellulite on camera.

Even diagnostic techniques are controversial. The percentage
of body fat in an area and the surface area of the dermal-
subcutaneous border (an indicator of the extent of fat
protrusions into the dermis) using ultrasound were shown
to predict cellulite severity in one study [1]. On the other
hand, the degree of protrusion of fat lobules into the dermis on
biopsy was not correlated with severity of cellulite in another
study [2,3].

Yet clinical evaluation, while paramount, can often be sub-
jective. There is no agreed upon clinical criteria for establishing
cellulite, further complicating matters. Diagnostic techniques,
therefore, provide important additional tools. We will review
existing and potential diagnostic modalities, as well as the clinical
studies that have utilized these techniques.

Clinical Evaluation

The classification systems for cellulite have been reviewed else-
where in this book [4-7]. In practice, many investigators have
not used classification systems, and instead, use other variety of
grading scales to evaluate improvement from baseline [8-14].
Grading scales that utilizes objective measures such as number
and depth of dimples [13] may be more reliable than those that
rely on subjective assessment. Regardless of classification or
grading, evaluation of cellulite before and after treatment should
occur in constant lighting.

In an effort to have a more objective measure of cellulite,
investigators reference change in circumference to prove effi-
cacy [8,10-12,15-21]. In fact, cellulite severity has been corre-
lated with thigh circumference as well as BMI and percentage of
fat [1]. Although circumference may be a proxy for the amount
of subcutaneous fat, the severity of cellulite is dependent on both
the amount of fat and the number of dimpled areas in a given
area [1]. A change in circumference alone will not neces-
sarily indicate an improvement in cellulite. In one study of LPG
endermologie, 33 subjects had a loss in circumference, while only
five had a reduction in cellulite grade [22]. Thus, other objective
measures are preferred.

Biopsy

Nurnberger and Muller first described the anatomic appearance
of cellulite on biopsy in 150 cadavers and 30 healthy subjects [4].
They found that women have radial fibrous connective tissue sur-
rounding fat such that fat can herniate into the dermis and

cause cellulite. Men have criss-crossed septa that divide the
subcutaneous tissue in smaller and better reinforced units.
Rosenbaum evaluated biopsies of five cadavers and seven
healthy subjects including women (affected and unaffected) and
men [23]. Skin with cellulite had thin connective tissue septa in a
more radial orientation as compared with unaffected skin. As in
the Nurnberger and Muller study, men had smaller fat lobules.

Pierard reviewed biopsies of 39 autopsy specimens and
found that the connective tissue network, which he defines as
fibrous strands as opposed to septa, was much more complex
than Nurnberger suggested [2]. Like Nurnberger, he confirmed
that men had a smooth dermal fat border compared with the
lumpy appearance of the border in the female patient. On the
other hand, his study also found a lack of correlation between
herniation of fat into the dermis and the severity of cellu-
lite. He suggested that it is the variation of thickness of these
strands, which tethers the dermis and creates cellulite, rather
than the orientation. He found a few o-actin+ myofibroblasts
and reduced factor XIIla+ dendrocytes in the most abnormal,
enlarged fibrous stands.

In studies of cellulite treatment, findings on biopsy have been
variously described. Adipocyte changes including lysis or thick-
ening of the adipocyte membrane have been seen [24,25]. Dermal
thickening or a more organized dermis has been reported after
therapy [25,26]. A decrease in fat herniations in the hypodermis
has been described [17]. Alteration of the connective tissue
septa or change in dendrocytes or myofibroblasts within the
hypodermal fibrous strands has been seen after therapy [27,28].
Dermal fibrosis has been described [15]. In some cases, no change
has been seen before or after treatment, perhaps due to the small
biopsy size [10,11].

In practice, the use of biopsy as a diagnostic technique has a
role, but often is a cosmetically unacceptable alternative, particu-
larly given the other options available. The ex vivo state may be
different from the in vivo appearance, especially for small biopsies.
Features such as dermal organization or epidermal thickening can
vary greatly depending on sampling choice and processing after
biopsy. Lastly, just as with clinical evaluation, biopsies are often
evaluated subjectively, with qualitative rather than quantitative
descriptions.

Photography
Photography can be useful for evaluating the degree of cellulite.
In one study, black and white photographs of areas of cellulite
were analyzed by grey level processing to create a shadow index
that related the number of shadows to the total surface area. The
shadow index was used as a quantitative measure of cellulite and
found to relate to Nurnberger and Muller grade [29].

Cellulite is particularly difficult to photograph. Uniform lenses,
filters, camera distance, consistent relationship of the camera
with lighting, absence of jewelry, use of identical underclothing
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such as dark bikini underwear, and background are all important
to photographing cellulite [30]. Cellulite changes with position, so
photographing subjects in the same position for before and after
photographs is necessary.

Lighting is paramount, and a variety of lighting strategies have
been employed. Even if subjects are evaluated in person, lighting
can change the appearance of cellulite. Bielfeldt used a neon ring
light placed below the knee and attached a camera to and above
the ring light to accentuate the depressions of cellulite [18]. In this
article, there are photographs that illustrate when illumination or
background is changed, the appearance of cellulite changes. Over-
head lighting without flash and lateral light at both low angles and
at 75°-90° angles have been suggested [29,30]. Photography at
multiple angles has also been reported [31,32].

Some authors use a compression system to accentuate the
mattress phenomenon and the appearance of cellulite for
photography [1,33]. Perin used a compression system and took
photographs with a 30° incident lighting system, a camera
mounted perpendicular to the skin surface at a constant height,
and a 60 mm focal length lens [33]. Inter-observer agree-
ment was found using these methods. Some authors have used
Canfield digital photography systems (Canfield Scientific,
Fairfield, NJ) [15,32,33].

Optical Imaging

Three dimensional modeling of an area of cellulite to quantify
the severity of cellulite may prove to be an important diagnostic
tool. Smalls used a Cyberware Rapid 3D Digitizer laser scanner
with data acquisition software on a linear platform to obtain
3D imaging of cellulite [1]. This laser scanning technology
generated images that were scored and compared with scores
generated after live patient viewing sessions. Scores on a 0-9 scale

Epidlrmis

Dermis

2.0 mm

1.3 mm

1.9 mm

of cellulite severity were in agreement. Depth of depressions and
the ratio between the roughness of the skin surface (a measure
of the difference between the cellulite surface and the reference
plane) and the area of a flat plane were the parameters most
correlated to visual appearance of cellulite severity.

Other optical systems including PRIMOS (GFMesstechnik,
Teltow, Germany) that have been devised to measure wrinkles
may prove useful [1,34,35]. (Akazaki, Smalls, Callaghan) 3D
imaging with a CLINIPRO Antiaging SD camara (Barcelona,
Spain) has been used in studies of cellulite devices [20,25]. This
imaging system computes a measure of skin roughness which
is based on the difference between the peaks and valleys of the
skin affected with cellulite. This type of imaging may offer a more
objective analysis of the appearance of cellulite than clinical evalu-
ation. However, it will reflect surface improvement, not establish
definitive evidence of structural change.

Imaging systems that may prove useful in the future include
Optical Coherence Technology (OCT) and confocal microscopy.
OCT reflects infrared light waves off of tissue structures to create
an image of the underlying skin, magnifying skin structures [35].
OCT has been used to dynamically visualize the effects of the 1210
nm laser on ex vivo adipose tissue [36]. An even more magnified
view is provided by in vivo confocal microscopy. Confocal micros-
copy has been used to characterize cellulite at the microscopic
level [35]. Like OCT, this technology is not widely available. Both
technologies are currently limited by depth of penetration.

Ultrasound

Ultrasound utilizes acoustic waves to generate echos of skin
structures that can be transduced into an image [37]. Ultra-
sound machines such as the Dermascan C (Cortex Technology,
Hadsund, Denmark) or the Collagenoson® (Minhorst, Germany)

Cellulite loops
protruding into the

reticular dermis

Figure 6.1 A high resolution ultrasound image of (A) male and (B) female subcutaneous fat. Note the fat herniation into the dermis for the female (asterisks), which is

not present in the male (courtesy of Dr Agustina Vila Echague and Dr Avram).
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produce cross-sectional images of cellulite (Rona, Kuhn) [26,37].
Ultrasound has been used to measure epidermal, dermal, and fat
thickness and to assess the morphology of the dermis, dermal-fat
border, and the subcutaneous layer.

With ultrasound, dermal thickness has been found to be
thinner and fat thickness has been found to be thicker in subjects
with cellulite [5,29]. As a result, investigators have used change
in epidermal, dermal, or fat thickness as markers for treatment
effect [17,28,38-40]. Fat thickness, alone, is not a good measure of
cellulite; a thick fat layer may be seen in subjects with both mild
and severe cellulite and the impact of fat thickness may depend on
body mass index (BMI) [41,42].

Based on the theory that treatments for cellulite may alter or
shorten the connective tissue septa, depth of skin structures has
been measured. The distance between the dermis to the fascia or
muscle has been measured to assess for the degree of improve-
ment of cellulite after radiofrequency [43].

The density of the dermis has been evaluated in studies of
cellulite. Decreased dermal density, thought to be due to dermal
degradation, has been reported to affect cellulite severity in sub-
jects over age 30 [29]. Density can be evaluated both qualitatively
with visual scoring systems or quantitatively with computer derived
measures of echogenecity of the ultrasound image [44-46].

Although some do not consider border irregularity to be a
good measure of cellulite severity [2,3,28], an irregularity of the
dermal-fat border has been correlated with the appearance
cellulite [18,23] (Fig. 6.1). Border irregularity can be quantified on
ultrasound and can be represented by the dermal-subcutaneous
surface area, the length of the dermal-subcutaneous border, or by a
parameter of unevenness that is calculated from ultrasound images
[1,18,29]. A study by Smalls found that cellulite severity could
be predicted by the percentage of fat in an area and by the ultra-
sound-measured dermal-subcutaneous surface area in a region [1].
Increased length of the dermis-hypodermis border was found to be
associated with cellulite in another study [29]. The area of the dermal-
hypodermal border has been used gauge response to treatment [47].

While the ability to quantify skin and subcuticular character-
istics such as thickness, dermal density, and border irregularity
makes ultrasound a valuable diagnostic option, the drawback of
ultrasound is that it is heavily operator dependent. Even a 1 mm
change in the position of the ultrasound can yield a drastically
different appearance of the dermal fat border on ultrasound [18].
A variation of pressure on the ultrasound handpiece will change
thickness, depth, and density.

MRI

High resolution MRI is a useful tool for cellulite imaging [48].
Querlex described the use of high resolution MRI to evaluate
cellulite [49]. MRI images were taken using a 1.5 T whole-body
MRI system in combination with a home built high intensity sur-
face gradient coil and a small surface radiofrequency coil. Images
of 67 subjects comprised of men, women without cellulite, and
women with cellulite were taken. Women with cellulite seemed to
have a thicker dermis and thicker adipose layer. Cellulite on MRI
was characterized by indentations of adipose tissue into the dermis,
a higher percentage of fibrous septa that are perpendicular rather
than parallel to the surface, and a thick deep adipose layer. Water
content of the subcutaneous layer was not related to cellulite.

Mirrashed also described the use of high resolution MRI to
evaluate cellulite [42]. MRI images were compared to a clinical
grading system based on the presence of dimples. Images were
obtained with a 3T MRI plus a radiofrequency coil which had a
single ring surface coil inductively coupled with a matching ring
strapped to the subject’s thigh. Clinical appearance of cellulite
was described in low and high BMI groups. In high BMI subjects
with cellulite, a thinner dermis with weakly reinforced and sparse
fibrous septa of the fat yielded extrusion of fat into the dermis.
In low BMI subjects, the thickness of the layer of fat beneath the
dermis played the largest role.

MRI was used in a study of cellulite treatment with a unipolar
radiofrequency device [15]. In this study, MRI was used to eval-
uate gross changes in the subcutaneous fat layer and no changes
were seen. In a study of a dual wavelength low level laser, MRI
revealed a decrease in fat thickness [21].

High resolution MRI has the benefit of providing clear images
of the subcutaneous layer. Multiple cross-sectional areas can be
evaluated at once, preventing the sampling error associated with
ultrasound and biopsy. MRI is also less operator dependent than
ultrasound. The quantitative measurements to assess MRI, rather
than qualitative descriptors would enhance the usefulness of this
tool. Nevertheless, the cost of MRI may be prohibitive.

Vascular Imaging

Based on the theory that cellulite is characterized by abnormal
circulation, vascular imaging has been used to study cellulite. Vas-
cular imaging techniques include laser doppler flowmetry, ther-
mography, and video capillaroscopy. Doppler applies laser light to
the skin which is then scattered and reflected to generate an image
of arterial and venous activity [37]. Thermography measures cir-
culation indirectly, through temperature [37]. Videocapillaroscopy
uses a magnifying lens in oil immersion and a halogen light source
to obtain capillary images [50,51]. Light reflection rheography has
been used to evaluate venous activity, and lymphatic flow has been
measured by lymphoscintigraphy [50]. Blood flow in cellulite sub-
jects has been evaluated using microdialysis probes [23].

Curri studied 14 female patients who were undergoing lipo-
suction with an optic probe video capillaroscope, laser-Doppler
flowmetry, and histology [52]. She measured 1500 capillaries,
venules, and fat cells and found a statistically significant correla-
tion between dilation of capillaries and venules and hypertrophy
of fat cells. She also reported a statistically significant correlation
between severity of cellulite of the lower limbs and breast and
symptoms of chronic venous insufficiency, although she empha-
sized that the role of circulatory damage in the development of
cellulite is difficult to confirm. Similarly, Smith described decreased
blood flow using laser-Doppler in 10 subjects with cellulite who
were compared with control subjects [5]. Changes in circulation
due to cellulite have not been uniformly substantiated [23].

Circulatory parameters have been evaluated in studies of
cellulite treatments. A change in circulation with increased
capillary density and increased flow after treatment with an oral
formulation of plant substances has been reported using video-
capillaroscopy, laser-Doppler, and thermography [50]. Doppler
analysis has confirmed increased blood flow after application
of topical cellulite products [18,38]. Change in circulation after
treatment with extracorporeal shock wave therapy has been
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Table 6.1 Diagnostic Techniques

Technique Pro

Circumference measurements Easy to do

Photography Readily available

Biopsy Reveals cellulite and treatment response at a microscopic level

Optical imaging-3D Standardizes visual images
Provides quantitative measure

Optical imaging-OCT & confocal High magnification view in vivo

May provide real time imaging during treatment

Biomechanical measurements Easy to do with standardized instruments

Ultrasound Provides in vivo view of dermal and hypodermal structures
Provides quantitative measure
MRI Less sampling error

Not operator dependent
Vascular imaging

Some imaging techniques (Doppler) are widely available

Con

May not be representative

Small changes in environment change image
Complex to standardize

Cosmetically unacceptable

Architecture may change ex vivo

Sampling error

Evaluation often qualitative

Evaluated in few studies

Reflects surface change, not deep architecture change
Limited availability

Limited depth of penetration

May not be representative

Difficult to compare measurements between studies
Sampling error

Operator dependence

Cost

May not be representative

described using liquid crystal contact thermography [26]. On the
other hand, circulatory changes have not always been noted [53].
Some studies using thermography have found results that are either
difficult to interpret or that show no change in circulation after
cellulite treatment [14,54].

Biomechanical Measurements

Biomechanical Tissue Characterization (BTC-2000) technology
(SRLI Technologies; Nashville, TN) has been used to evaluate the
biomechanical properties of skin with cellulite [1,55]. A Cutom-
eter (Courage and Khazaka; Germany) and ballistometer have
been used as well [5,18,28]. The use of these diagnostic devices
is based on the theory that lax skin will enhance the severity of
cellulite, and biomechanical measurements will quantitatively
capture skin laxity [1,7,29,55,56].

Subjects with cellulite do appear to have greater skin laxity
with more compliant skin and less stiffness or firmness of the
skin [1,5,55]. However, laxity may not play as large a role as other
factors in cellulite. In one study, compliance and stiffness were
not found to influence the severity of cellulite as much as other
features (the percentage of fat in an area and the total surface area
of the dermal-subcutaneous border) [1].

A number of studies have evaluated biomechanical measures
after treatment of cellulite [5,18,29,54]. One study evaluated elas-
ticity with an elasticity meter and found an increase in elasticity
following treatment with low-fluence laser and suction massage
device for cellulite [54]. Others have used a Cutometer (Courage
and Khazaka; Germany) and found a change in elasticity after
application of topical cellulite products [18,28].

Since laxity seems to play a role in cellulite severity, this diag-
nostic technique may be helpful in the evaluation of cellulite. Since
biomechanical measures do not provide the best overall measure
of cellulite severity, these measures are most appropriately used
in conjunction with other diagnostic techniques. This diagnostic
technique is also limited by the fact that measurements of biome-
chanical properties may not be compared between studies unless
the same measurement system is used [57].
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Other Techniques

Given the potential role of percent body fat in the appearance
of cellulite, measures of body fat may have an adjunctive role in
the evaluation of cellulite. Measurements of body fat using a
caliper or plicometry or the use of a Dual-Energy X-ray Absorp-
tiometry (DEXA) scan may be helpful [1,37,58]. Lipolysis in
cellulite and after treatment with a cellulite device has been
more directly evaluated using microdialysis probes to measure
glycerol output [23,59].

Another technique is an ultrasonic pain test, a test that mea-
sures the amount of compression it takes to elicit pain. This
test uses pain as a proxy for the edema and inflammation
purported to be related to cellulite. A study of cellulite treatments
compared with placebo revealed a reduction in pain after treat-
ment but not after placebo [50].

Conclusion

There are multiple modalities, each with pros and cons, used
to evaluate cellulite (Table 6.1). The ideal diagnostic technique
captures the entire picture of cellulite, as opposed to one char-
acteristic such as fat thickness; provides objective measures that
can be compared between studies; is reliable; has limited sampling
error; and is not operator dependent. As of yet, there is no gold
standard, although there are good options available.

3D imaging seems to be an excellent alternative as it can provide
quantitative measures that are correlated with cellulite severity.
This diagnostic technique reflects surface change. Although the
surface appearance is ultimately what matters to the patient, and
this technique may imply deeper change, it does not prove it. 3D
imaging, therefore, may be less reliable as a proof of concept for
new device or therapy.

Ultrasound and MRI do provide deep images of the underlying
skin and subcutaneous structure. Ultrasound can be used quan-
titatively, although it is limited by operator dependence and the
potential for sampling error. MRI may prove useful in the future,
but to date has been used either in a more qualitative manner or
to measure fat thickness only. It is also costly.
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Other options such as photography can be unreliable; small
changes in lightening can have a dramatic effect. Biopsy, while
providing perhaps the clearest image of anatomy, is typically
described qualitatively, is subject to sampling error, and may be
cosmetically unacceptable for the evaluation of a cosmetic issue.
Biomechanical measurements, circumference measurements
and measures of circulation don't capture certain elements of
cellulite that contribute to the severity. OCT and confocal micros-
copy are limited by depth of penetration.

In the future, the ideal technique would enable the physician
or investigator to diagnose cellulite in vivo at the bedside and
visualize the effects of cellulite treatment in real time. Yet despite
the flaws in the currently available diagnostic techniques, these
modalities provide important and useful alternatives to clinical
evaluation and offer objective data that improve our under-
standing of cellulite and its treatment.
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7 Cellulite-Associated Clinical Conditions of Aesthetic Interest
Rosemarie Mazzuco and Taciana de Oliveira Dal’Forno

Introduction

A few clinical conditions that are of aesthetic interest are com-
monly observed in association with cellulite. Since they share the
same physiopathogenic bases, it is rare for one of these conditions
to occur alone. Very often two, three or all of these conditions may
be associated in the same patient.

Depending on their influence on cellulite, they may be classi-
fied as triggering or worsening conditions and co-existing con-
ditions. This chapter will discuss flaccidity, localized fat, stretch
marks and cosmetic sequelae post-liposuction.

SKIN FLACCIDITY

General Aspects

One of the functions of skin concerns mechanical factors—
elasticity and tone—that protect the organism against damage
caused by hard knocks [1]. While skin elasticity is the responsi-
bility of collagen fibers, its tone is maintained mainly by the elastic
fibers. Over the years, both elasticity and skin tone are consider-
ably diminished, an effect of the so-called intrinsic aging which
occurs in all organs [2], and whose molecular mechanisms have
become better known in the last decade [3]. The fragmentation
of the dermal matrix fibers as a result of the action of the
metalloproteinase matrix, and the consequent collapse of fibro-
blasts, is the process that triggers a “self-perpetuating, never-
ending deleterious cycle” [4], which can be clinically perceived
as progressive skin aging, in which flaccidity is one of the most
important alterations.

Cutaneous flaccidity or loose skin are the names given to the
appearance of skin excesses in relation to the underlying tissues.
It may have several clinical manifestations ranging from a slight
softening of the skin to the touch, to the apron-like appearance
of the affected areas. It occurs in all people during their lifetime,
and no differences are identified regarding sex. In addition, with
the evolution of bariatric surgery techniques and as this proce-
dure has been more frequently performed, severe flaccidity is,
nowadays, a condition which is relatively often seen in doctors’
offices, and the most common unaesthetic condition in patients
with great weight loss.

Factors predisposing or worsening cutaneous flaccidity
include genetic factors, photoexposure [5], frequent weight vari-
ances during lifetime, rapid and excessive loss of weight in obese
patients, excessive liposuction, presence of multiple atrophic
striae, and use of some medications (e.g. penicillamine [6]). Some
genetic diseases in collagen and/or elastin, such as cutis laxa [7]
may result in early appearence of loose skin, and must be consid-
ered in investigation of flaccidity in young people.

A few specific body areas are more predisposed to develop
flaccidity. It has already been known for a long time that the
thickness and degree of skin elasticity vary according to the
body area. Recently published studies show that flexure areas,
such as the inner part of the forearm and legs, have thinner skin

and a higher elasticity index [8], which could explain the greater
tendency to flaccidity in these areas.

Diagnosis and Differential Diagnosis

The diagnosis is clinically performed. The patient should be
examined in the orthostatic position. Characteristically, flaccidity
is diagnosed by the appearance of excess of skin, which ranges
from light changes in the relief, of “draping” kind, especially on
the extension aspects of the proximal portion of the limbs, to the
exuberant apron look.

In differential diagnosis, the collagen and elastic fiber diseases,
such as the various types of cutis laxa and elastic pseudoxan-
thoma, may be considered. Among these unaesthetic changes,
the presence of old striae may be observed. When they occur
in great number, the affected area may look flaccid. This results
from breaking and destructuring the elastic and collagen fibers
during the stria formation process, and from the resulting dermal
atrophy. In this case, treating the stria improves the aspect of the
flaccid skin.

Flaccidity may worsen cellulite, due to the effects of gravity and
weight of subcutaneous fat over the connective septa. Often the
patient’s complaint is cellulite, and actually the diagnostic is skin
flaccidity (Fig. 7.1). A commonly used maneuver to confirm the
diagnosis of flaccidity is to traction the skin of the affected area
against gravity or cephalically. In order to do it, the patient must
still be in the orthostatic position. Cases in which the changes in
relief are the result of flaccidity, present improvements of these
changes with traction.

Treatment

The treatment of skin flaccidity may be a great challenge for a
physician who treats aesthetic conditions. So far there has not
been a simple, adequately effective treatment. The best results are
obtained in the mild and initial flaccidity conditions, with proce-
dures performed periodically over long periods of time.

The most widespread treatment options are surgical procedures
to remove excess skin—face lift or body dermolipectomy—and
skin tightening procedures. The latter procedures are more useful
nowadays, as they are non-invasive techniques that stimulate col-
lagen and elastic neoformation by epidermal ablation or, more
recently, by direct dermal stimulation.

Dermolipectomy is the most widely used procedure to correct
intense body flaccidity. In this case, especially in patients who
were submitted to bariatric surgery and have lost much of their
body weight, dermolipectomy is the most suitable procedure [9].
However, even nowadays, there is a high risk of complications,
the most frequent being long healing time due to suture dehis-
cence or seroma [10]. Especially in surgeries performed in sev-
eral areas of the body at the same time (total body lift) [9,11], the
rate of complications is up to 50% [12]. Other factors limiting this
procedure are general, prolonged anesthesia, the risk of bleeding
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Figure 7.1 Woman with skin flaccidity, who was looking for treatment for cellulite.
Observe the relief alterations, which can cause confusion in the diagnosis.

and postoperative infection, besides the long downtime and the
unaesthetic large scars which are always formed. The latter, when
on the lower abdomen or on the breasts, can be hidden by clothes,
which unfortunately does not happen in the scars on the upper
and lower limbs.

The skin-tightening procedures arose precisely with the inten-
tion of completely or partly replacing the need for conventional
surgery. All the existing techniques and devices were developed
aiming to promote collagen and elastic neoformation in the
dermis. This effect can be achieved in two ways: by epidermal
ablation with consequent scar formation and dermal contraction,
the case of laser and pulsed intense light equipment; or by direct
dermal stimulation with protection of the epidermis, which
is achieved using devices with infrared radiation (IR) and/or
radiofrequency (RF).

In the first case, limitations are pain during the procedure,
the need for some type of anesthesia, downtime, and the risk of
infection, dischromias or unaesthetic scars, besides the cost of the
equipment and/or consumables. As a result, this is a procedure
that can only be performed on small areas with good healing,
such as the face.

Because devices that use RF or IR do not cause any damage to
the epidermis, they can be more easily used on large areas such
as the abdomen, thighs, arms and flanks, as often as necessary
to achieve an optimal result. However, precisely as the epidermis
acts as a barrier that does not allow the RF and IR waves to reach
the dermis, it strongly diminishes the efficacy of the device, making
it necessary to perform several sessions at fortnightly or monthly
intervals. When devices are used with consumables, the need for
repetitions adds a high financial cost to treatment. In order to
increase the potency of these devices and consequently diminish
the number of sessions required, equipment was developed that
associates modalities such as RF and IR [13]. More recently, some
authors demonstrated intense neocollagenesis and neoelasto-
genesis after using a new device that releases radiofrequency waves
directly on the dermis through microelectrodes inserted into the
skin [14]. Possibly, in future, this will be a good modality of non-
surgical correction of body flaccidity over large areas.

Since poly-L-lactic acid stimulates neocollagenesis, it can also
be considered for the treatment of flaccidity in localized, small
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areas, such as the neck and chest[15], as well as for some selected
lesions of cellulite.

Other procedures that cause some kind of dermal trauma were
also proposed to correct flaccidity and other alterations associ-
ated with skin aging, such as micropunctures obtained by passing
a roller with microneedles on the skin [16], carboxytherapy [17]
and mesotherapy [18].

Although systemic medications have been proposed by some
authors, their use is still controversial, both in cutaneous flaccidity
prevention and the treatment.

LOCALIZED FAT

General Aspects

In women some places present a greater predisposition to fat
deposition, like the buttocks, hips and thighs, a condition that
is responsible for the female body contour, differentiating it
from the male android shape. This characteristic deposition is
regulated by the female sexual hormones [19] and suffers genetic
influence. Some women, especially those with a greater BMI
(Body Mass Index), may deposit excess fat in one or more of
these areas, a condition known as localized fat. Men, because
of the cortisol’s effect (stress-associated hormone), tend to have
more fat deposition in the abdomen and flanks.

Localized fat is responsible for a large part of the demand for
aesthetic procedures for dermatologists and plastic surgeons.
These fat deposits have little tendency toward mobilization,
compared with the rest of the body fat, and as a consequence,
patients can frequently become thinner, lose subcutaneous
thickness all over the body, including the face, and the localized
fat is practically unaffected.

Diagnosis and Differential Diagnosis
The patient must be weighed initially, to calculate the Body Mass
Index (BMI). If the BMI is below 25, the excess fat deposits at
specific sites may be diagnosed as localized fat. The circumference
of the sites affected should be measured with a tape measure and
with an adipometer for purposes of therapeutic control.
Localized fat is one of the conditions that worsen the aspect of
the cellulite, due to the bulging effect of the fat lobes that are trac-
tioned by the connective septa, resulting in the mattress aspect of
the skin (Fig. 7.2).

Treatment

Liposuction is the first line treatment for localized fat and it
will be described in another chapter. Even using the tumes-
cent technique, a few adverse effects and/or complications are
inevitable, and inherent to the very nature of the procedure:
hematomas and ecchymosis, long recovery periods with
increased postoperative discomfort, changes in relief and skin
laxity [20].

In 1996, the first article was published in which a laser source
was used as an adjuvant to perform liposuction [21]. In 2006,
a 1064 nm Nd:YAG laser was approved by the United States
Food and Drug Administration for the surgical incision, excision,
vaporization, ablation, and coagulation of all soft tissues [20].
This device, as well as the 980 nm diode laser [22] has been used
for a new modality of liposuction: the so-called laser-assisted
lipolysis [23,24].
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Figure 7.2 Woman presenting localized fat in the lateral aspects of the thighs,
with secondary relief alterations, minimizing cellulite.

Other devices use ultrasound as an adjuvant to conventional
liposuction technique, with a view to making the surgeon’s work
easier, and also to prevent adverse effects, by diminishing tissue
trauma [25].

Phosphatidylcholine (PPDC) [26], a phospholipid extracted
from soy lecithin, and sodium deoxycholate (SDC) [27] are used
in several countries as lipolytic agents [28]. Although there is
a clear clinical effect [29] (Figs. 7.3 and 7.4), the real lipolytic
action mechanism of PPDC and SDC has not been completely
elucidated yet. Histological studies performed on rats [30] and
on biopsy materials show a moderate inflammatory reaction
in the subcutaneous tissue, with consequent fibrosis [31] after
injecting PPDC.

Finally, in recent years, devices were introduced for non-
invasive lipolysis, which utilize focused ultrasound [32,33]
with encouraging results and a good safety profile. Radio-
frequency, besides the already known effect on flaccidity, also
acts on lipolysis [34]. The latter is a good treatment option
for patients with flaccidity, associated with small deposits of
localized fat.

Figure 7.3 Patient with localized fat worsening the aspect of cellulite, before
treatment.

Figure 7.4 Same patient as Fig. 3, after four sessions of sodium desoxycholate’
injections in the localized fat areas.

STRETCH MARKS

General Aspects

Stretch marks are also known as striae distensae and striae
atrophicans. They are visible as linear scars that are formed in
areas of dermal damage produced by stretching of the skin [35].
They are associated with various physiologic states including
puberty, pregnancy, growth spurts, rapid weight gain or loss,
obesity, and states leading to excess of cortisol [36,37].

The factors that rule the development of striae are poorly under-
stood. Many authors have suggested that striae develop as a result
of stress rupture of the connective tissue framework, but others
disagree. It has been suggested that they develop more easily in
skin that has a critical proportion of rigid cross-linked collagen,
as they occur in early adult life [35]. Many factors including
hormones (particularly corticosteroids), mechanical stress, and
genetic predisposition also seem to play a role [36].

In adolescence, some factors are directly related to the
increase in local volume in risk areas, causing distention of the
skin, with the consequent appearance of stretch marks. Factors
of particular note in this age range are: the greater accumulation
of fat in certain areas of the body, making the body lines more
curved, mainly in women; weight gain and the increase in the
17-cetosteroids [38].

In pregnant women a combination of hormonal factors
(e.g., adrenocortical hormones, estrogen, relaxin) associated with
increased lateral stress on the connective tissue due to increased
size of the various portions of the body is thought to be impor-
tant [39]. An observational analysis of 324 primiparae observed
striae in 52% at delivery and concluded that the most significant
risk factor was low maternal age [40]. Another study evaluated
the risk factors for the development of striae in 112 primiparae
women, showing that women who developed striae were signifi-
cantly younger and had gained significantly more weight during
pregnancy. Moderate and severe striae were associated with lower
maternal age, higher birth weight, more advanced gestational age
at delivery and family history of striae [41].

They are a feature of Cushings disease, and they may be
induced by local or systemic steroid therapy [35]. Topical
corticosteroids, especially when used in larger areas and under

35
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occlusion, favor the appearance of stretch marks in the area or
even at some distance [42]. Striae have been reported in human
immunodeficiency virus (HIV)-positive patients receiving the
protease inhibitor indinavir [35].

Diagnosis and Differential Diagnosis

Stretch marks occur in areas of reduced skin resistance and
greatest accumulation of adipose tissue. They are linear atrophic
depressions of the skin that are formed in areas of dermal damage.
Striae are usually multiple, well-defined linear atrophic lesions
that follow the lines of clivage. Initially, striae appear as red-to-
violaceous elevated lines that can be mildly pruritic and are called
striae rubra (Fig. 7.5). Over time, the color gradually fades, and
the lesions become atrophic, with the skin surface exhibiting a
fine wrinkled appearance, the striae alba (Fig. 7.6) [36]. These
characteristics of atrophy are permanent in stretch marks [43].

They are common during adolescence and they seem to be
associated with rapid increase in size of a particular region [35].
Women are most commonly affected, with marks occurring pre-
dominantly on breasts and other areas also affected by cellulite,
like hips and abdomen, while in males, they more frequently occur
on the back, lower back and outer edge of the thighs [43,44]. They
may develop on the shoulders in young male weight lifters when
their muscle mass rapidly increases [35].

Striae occur in up to 90 percent of pregnant women. They are
very common over the abdomen and breasts in pregnancy, but
they can occur on hips, buttocks, thighs and flanks. The striae
associated with systemic corticosteroid therapy and Cushing’s
syndrome can be larger and more widely distributed [36].

From a clinical and histological point of view, there are no
significant differences between stretch marks of different eti-
ology or localization, or between stretch marks of patients of
different sexes or age groups. Basically they differ with time of
evolution and are classified as recent or old. They are similar to
early scars. Therefore, for clinical, histological and therapeutic
purposes, a very simple classification was suggested [43]:

Recent stretch marks: narrow (up to 5 mm) and wide (>5 mm),
onset up to six to 12 months, usually pink, eritematous, sometimes
hyperpigmented.

ke gl

Figure 7.5 Clinical aspect of striae rubra on the buttocks in a female patient age 13
without cellulite.
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Figure 7.6 Clinical aspect of multiple striae alba associated with cellulite on the
buttocks in a female patient age 47.

Old stretch marks: narrow (up to 5 mm) and wide (>5 mm),
onset more than six to 12 months, usually hypocromic or same color
as non-affected skin.

Histopathological findings suggest that stretch marks are like
scars. The epidermis may be normal in recent, and atrophic in
old stretch marks. In the dermis the inflammatory process causes
destruction of the collagen and elastic fibers characterized by the
fragmentation of these fibers, with perivascular lymphohistiocyte
infiltration and telangiectatic vessels [43].

Striae must be differenced from linear focal elastosis that
is characterized by rows of yellow palpable striae-like bands
on the lower back. Unlike striae, these lesions are raised and
yellow rather than depressed and white. Elderly men are most
commonly affected, although cases in teenagers have been
described. Histologically, there is a focal increase in the number
of elongated or fragmented elastic fibers and a thickened
dermis [36].

Treatment

Different treatments may be indicated for recent (rubra) or old
(alba) stretch marks. As stretch marks tend to regress sponta-
neously over time, the usefulness of treatments that have been
tried without case controls was not well established [36]. Early
therapeutic interventions may guarantee better results by pre-
venting or at least minimizing the structural alterations in the
epidermis [43].

The treatment of recent striae with 0.1% tretinoin cream
can improve their appearance, and it has been shown to decrease
their length and width [45,46]. However, a study shows that a
lower tretinoin concentration (0.025%) seems not to improve
early stretch marks [38]. Other topical treatments including
0.05% tretinoin/20% glycolic acid and 10% ascorbic acid/
20% glycolic acid may also improve the appearance of stretch
marks [47].

In pregnant women, preventive application of a water/oil mas-
sage cream seems to be effective [48]. A study evaluating treat-
ment with a cream containing Centella asiatica extract, alpha
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Figures 7.7 and 8 Recent stretch marks aspect before and after serial superficial dermabrasion in a pregnant woman.

tocopherol and collagen-elastin hydrolysates, showed less devel-
opment of stretch marks in pregnancy [49].

Treatment with the 585 nm pulsed dye laser at low energy den-
sities seems to improve the appearance of old striae. The use of the
10 mm spot size with 3.0 J/cm? fluence improved the appearance
of striae better than the other parameters. Apparent increased
dermal elastin was also observed eight weeks post therapy [50].
Nonetheless, another study showed only moderate beneficial
effect in reducing the degree of erythema in striae rubra and no
apparent clinical change on striae alba, recommending this laser
only for striae rubra in patients skin types II to IV [51].

A study that evaluated the effects of 585 nm pulse dye laser
and the short pulsed CO, laser in old striae in patients with types
IV, V, and VI skin, showed no improvement, hyperpigmentation
and persistent erythema. This study concluded that, in patients
with higher skin phototypes, laser treatment of striae should be
avoided or used with great caution [52].

Only one study evaluated the effect of intense pulsed light
in the treatment of striae. Fifteen women with old striae were
treated showing clinical and microscopical improvement in all
patients [53].

Treatment with the 308 nm excimer laser seems to be safe and
effective in pigment correction of hypopigmented scars and striae
alba. Final averages of pigment correction rates relative to control
sites were approximately 60% to 70% by visual assessment and
100% by colorimetric analysis after nine treatments administered
biweekly. Maintenance treatment every one to four months seems
to be required to sustain the cosmetic benefit [54]. Light sources
emitting ultraviolet B (UVB) and narrow band UVB/UVAI1
therapy irradiation also have been shown to repigment old striae
[55,56]. The repigmentation after UVB occurs due to increase in
melanin pigment, hypertrophy of melanocytes, and an increase in
melanocytes [55].

In a study, a radiofrequency (RF) device in combination with a
pulsed dye laser was used to treat abdominal striae in 37 patients.
Almost 90% percent of the patients showed overall improvement.
All the biopsies of nine patients showed an increase in the amount
of collagen fibers, and increased elastic fibers were found in six
specimens [57]. Bipolar RF device seems also to be effective, with

clinical, histological, and immunohistochemical improvement of
treated striae [58].

The 1,064 nm long-pulsed Nd:YAG laser was evaluated in
a study with recent stretch marks. The improvements were
considered excellent by 55% of the patients, showing that this
laser should be effective on recent stretch marks [59].

The non-ablative 1,450 nm diode laser has been shown to
improve atrophic scars, but in a study was ineffective in improving
the clinical aspect of recent or old stretch marks in Asian patients
with skin types IV to VI. A high percentage of patients (64%) had
postinflammatory hyperpigmentation [60].

Recent preliminary studies have showed that fractional photo-
thermolysis with 1550 nm erbium-doped fiber laser seems to
be safe and effective in the treatment of recent and old stretch
marks [61,62,63].

Subcision® may be useful when the striae surface is very
depressed, because it favors the formation of neocollagen, when
performed in the dermis. However, this procedure is not very
effective as an isolated method, because it does not structur-
ally alter the epidermis [43]. In a preliminary study, there was
necrosis in a high percentage of striae treated with Subcision, with
subjective results [64].

Microdermabrasion was also decribed to treat recent and old
stretch marks, but no study was conducted [65]. A report of a
series of cases treated by a combination treatment (sand abrasion
and a patent mixture containing 15% trichloracetic acid) followed
by 6-24 h of a patent cream under plastic occlusion in the striae
of 69 patients showed clinical improvement by 70% [66]. Super-
ficial dermabrasion gives good results on recent narrow stretch
marks. In a study, 28 patients, with mean ages of 16 years and
multiple recent stretch marks on the abdomen, hips, thighs or
breasts, underwent a weekly serial superficial dermabrasion treat-
ment with a dermabrasion device (10,000 rpm) with 3 mm round
diamond fraises. On the dermatologic evaluation, all patients had
some clinical improvement of the recent stretch marks, but those
that had only or in the majority narrow stretch marks improved
more (82,1% had moderate to accentuate improvement) (Figs. 7.7
and 7.8) [67]. As it is only a mechanical treatment, it may also be
useful in pregnant women.
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Figure 7.9 Depressed lesions of liposuction sequelae causing cutaneous surface
alterations that are clinically similar to depressed lesions of cellulite in a female
patient age 45.

COSMETIC LIPOSUCTION SEQUELAE

General Aspects

The most common and least serious cosmetic liposuction sequelae
consist of harmonious undercorrection, asymmetry, residual
bulge, large- or small-step contour deformity, and pigmentation.
The more serious cosmetic sequelae are the following:

- dimple or dimples in a crenellated, checkerboard, or waffle
pattern;

- groove or multiples grooves, either parallel to one another or
in a fanlike arrangement;

- simple or high-volume overcorrection, which may produce
a cavity or poor cosmetic results;

- wrinkles, which may be layered, parchment-like, padded, or
serrated;

- a variable combination of the above-listed sequelae that
produces a moonscape appearance;

- excess skin, of variable size;

- tissue collapse;

- postoperative “banana roll”;

- double fold;

- ptosis, which is common after excessive removal of fat from
the buttocks [68].

Superficial liposuction, in which the cannula comes into
contact with the dermis, creates a surface dent or divot. Upon
physical examination, the dent persists in the supine position.
Similarly, subdermal liposuction that uses small cannulas causes
wrinkling by destroying or damaging the subcutaneous septa,
which may be responsible for skin contraction. Deep liposuction
damages the muscle and fascia, and causes retractile fibrosis with
adhesion of the skin to the underlying tissue [68].

The subcutaneous fibrosis caused by a previous surgery of
the subcutaneous, mainly liposuction, is also one of the more
common causes of cutaneous surface alterations that are clini-
cally similar to depressed lesions of cellulite. Depressed lesions
of liposuction sequelae cause secondary cellulite or aggravate
cellulite [69].
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Figure 7.10 Lipoatrophy secondary to previous injections causing a depressed
lesion clinically similar to depressed lesions of liposuction sequelae in a female
patient age 26.

Diagnosis and Differential Diagnosis

Alterations to the cutaneous surface resulting from liposuction
usually appear late, from three months to one year after surgery.
They may be slight, moderate or severe, and always emerge in pre-
viously treated areas, such as the lateral and posterior thighs, but-
tocks, abdomen, flanks, and the region above the knees [69].

Like cellulite, the cutaneous sequelae from liposuction are
predominantly depressed lesions, but raised and depressed areas
may intercalate and vary in number and shape as a reflection of
the number and variety of liposculture cannula insertions, as
well as the size and type of cannulas. Generally, they form larger
depressions with bizarre shapes and, unlike cellulite, they do not
necessarily follow the direction of the relaxed skin tension lines.
Instead, they follow the direction of cannula insertion (Fig. 7.9) [69].
As occurs in cellulite, muscle contractions worsen the deformities.
In patients who have redundant skin before liposuction, the pro-
cedure worsens the skin flaccidity [68].

Figure 7.11 Liposuction scar causing a depressed lesion clinically similar to
depressed lesions of cellulite in a female patient age 31.
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Figure 7.12 Localized scleroderma causing depressed lesions clinically similar to
depressed lesions of liposuction sequelae in a female patient age 24.

The liposuction sequelae should be differentiated from sub-
cutaneous fibrosis originating from trauma or from previous
injections in the affected area (such as corticosteroid or insulin-
induced lipoatrophy) (Fig. 7.10) [70,71], atrophic scars (Fig. 7.11),
worsened flaccidity caused by the aging process, lipodystrophies,
cutaneous localized scleroderma (Arkachaisri) (Fig. 7.12) and
lipomatosis [72].

Treatment

The risk of liposuction cosmetic sequelae must be minimized
through careful patient selection, in which presence of cellulite,
false bulges and flaccidity should be considered. The use of appro-
priate technique and cannulas, and rigorous postoperative care
are also very important.

Touch-up liposuction allows correction of sequelae that are
characterized by excess residual fat, such as bulges, undercor-
rection, step deformity or asymmetry. A six-month wait allows
complete ceasing of the edema, as well as recovery of tissue
flexibility at the treated site [68].

Similarly to cellulite, Subcision® may be used to treat depressed
lesions that occur after liposuction [73,74]. Hexsel and Dal’Forno
treated 46 female patients with depressed lesions secondary to
liposuction with Subcision® technique. Liposuctions had been
performed by plastic surgeons from eight months to 14 years
previously. The patients were submitted to one to three sessions of
Subcision®only on the cellulite-like depressions. On the dermato-
logic evaluation all patients had some improvement of the treated
depressed lesions (Figs. 7.13, 7.14, 7.15 and 7.16). All patients

exhibited hemosiderosis, most of them lasting up to three months.
Four percent had hemosiderosis for six months and two percent
for two years. Thirteen percent had painful palpable nodules until
three months after the procedure, in some treated areas. Four
percent had bulging in some treated areas after 30 days. No
patient had infection or cutaneous necrosis. The patient self-
assessment showed improvement of the depressed lesions in all
patients (mild in 10.8%; moderate in 39.1%; and accentuate in
50%) [75]. Special pre- and post-surgical care is important in
obtaining successful results.

Figures 7.13 and 14 A 47-year-old female patient with cutaneous depressed
lesions on thighs and buttocks secondary to liposuction, pre and 30 days post 1
session of Subcision®.
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Figures 7.15 and 16 A 26-year-old female patient with cutaneous depressed lesions
on thighs and buttocks secondary to liposuction, pre and 4 months post 1 session
of Subcision®.

Conclusion

A number of clinical conditions or circumstances frequently
accompany or aggravate cellulite, especially skin flaccidity,
localized fat, stretch marks and cosmetic liposuction sequelae.
These conditions should be evaluated in cellulite patients, because
they may require different treatments. Improvement of these asso-
ciated conditions generally is very important in the treatment of
patients with cellulite.
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Introduction

The term cellulite is often used improperly to define clinical and
morphological ailments. In fact it would be correct when talking
about this syndrome to distinguish between localised adiposity
(AL) and edemato-fibro-sclerotic pannicolopatia (PEFS). Localised
adiposity should be considered a female secondary sexual charac-
teristic, which in general does not require therapeutic treatment
except in the case of excessive growth (hypertrophy or hyperplasia).
Whereas PEFS is a degenerative process of the subcutaneous fatty
tissue as a consequence of a localised microangiopathy of the lower
limbs with the formation of edema and subsequent fibro-sclerotic
evolution. It often runs in families mainly due to chronic venous-
lymphatic insufficiency. It may be worsened or sparked off by many
conditions such as being Caucasian, postural alterations resulting
from alterations of the rachis and lower limbs, overweight and
obesity, incorrect diet, some endocrinopathies (hypothyroidism,
hyperthyroidism, micropolycystic ovary syndrome) [1,2] altera-
tions of the alimentary tract, alterations of the intestinal bacterial
flora, mood swings with alterations of food intake, reduced physical
exercise, taking hormones (estro-progestinic), smoking, constipa-
tion and wearing tight clothing. It is in any case a chronic disease
that may evolve into a phlebolymphopathy and therefore requires
adequate and prompt remedies. Cellulite, despite its frequent misuse
as a term, may be classified into various clinical forms: the adi-
pose, edematous, mixed (adipo-edematous), edematous-adipose,
fibrous, sclerotic and fibro-sclerotic types [3]. It is also important
to distinguish cellulite from various diseases and/or syndromes
which have clinical characteristics that are very similar to those
of cellulite. Among these are lipo-edema, lymph edema, phlebe-
dema, phlebolymphedema, lipolymphedema, cyclical edema, loca-
lised adiposity, various syndromes (Barraquer-Simmons, Vilain,
Dercum, Whipple, Weber-Christian), lipomatosis, lipodistrophy,
lipolymphedema of the ankle and dermatological diseases such as
pigmentation. A special mention should be given to lipoedema as
a syndrome with an as yet unknown etiology, characterised by the
deposit of fat in the subcutaneous tissue often associated with the
appearance of edema in the erect position localised on the legs and
buttocks. Lipoedema unlike lipolymphedema, always starts from
the legs and does not affect the feet or ankles. It is not affected by
weight and may run in families. This is a very common ailment
in which the appearance of the edema is the consequence of the
deposit of fat in tissues revealing an endocrine-metabolic disorder
of the interstitial matrix and is not accompanied by obesity or over-
weight. In this case the edema is the result of an altered distance
ratio between the adipose cell and the connective structure with
consequent loss of support. This type of edema tends to worsen
with deambulation and in the erect position. Moreover, an impor-
tant differential feature compared to the lymph edema is that the
lipoedema is soft when touched with possible folding of the skin,
which does not appear doughy.

Bearing in mind that the disorders illustrated above and cellulite
in particular are sometimes characterised by an accumulation of
adipose tissue and by inflamed tissue with reduced vascularisa-
tion the nutritional therapy of these ailments must aim primarily
at the objectives which may be summarised as follows:

1. The preventive aspect to attempt to limit the nutritional
factor as one of the causes of the degenerative disease;

2. The correction of overweight as one of the causes or as the
trigger;

3. Moreover, given that in these disorders and in cellulite
in particular there is an increase of phlogistic factors and
hypo-vascularisation of the tissues, the nutritional approach
should, as far as possible, try to improve tissue trophism and
blood flow.

To reach the three above objectives it is our conviction that
a nutritional approach should be used with a low insulinemic
stimulus, moving from a quantitative concept (diet = fewer calories)
to a qualitative concept (diet = stimulus or decrement of some
hormones essential for health).

The idea of pharmacy-nutrition, in other words food seen as
a medicine, is thus strengthened as is nutritional endocrinology,
that is to say the stimulation using macro nutrients (carbohy-
drates, fats and proteins) of specific hormonal systems (insulin-
glycogeneicosanoids), which may favour or damage the state of
health in general and, in the case of cellulite, the worsening of the
state of the tissues involved (adipose, connective, interstitial) in
the glutei-femoral areas or on the inside of the knee.

Nutritional treatment of cellulite therefore is not just a hypo-
caloric approach but is aimed at improving the state of tissue
trophism and, in particular at preventing and in some cases
reducing the tissue phlogosis characteristic of the disease

To conclude, we can set three targets for the efficacious nutri-
tional therapy of cellulite:

1. Correcting overweight and obesity if present;
2. Increasing the blood flow;
3. Reducing inflammation.

The first objective, in other words the correction of overweight
and/or obesity, may be reached by means of a reduction of the
calorie intake, especially of that deriving from carbohydrates with
a high glycemic index, in other words those carbohydrates which
raise blood sugar levels with a consequent increase in levels of
insulin.

The other two objectives may be reached by means of a bal-
anced diet of carbohydrates, proteins and fats through a diet that is
rich in fruit and vegetables, lean meat, fish and monounsaturated
fats such as olive oil. It has become not only important to choose
healthy foods now, but also to avoid substances contained in foods,
such as hydrogenated fats, inter-esterified oils, monosodium
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glutamate and aspartame. It is also fundamental to propose
nutritional models that are valid for a lifetime and not just for
brief periods, so that the yo-yo is avoided, which would cause a
worsening of the initial state of the cellulite. In conclusion, the use
of integrators, such as omega-3, vitamins and minerals, must be
evaluated to reduce the inflammation further.

Subcutaneus Adipose Tissue as Endocrine Organ

The subcutaneous adipose tissue, along with the visceral tissue,
is regarded as an endocrine organ, or rather the adipose tissue
isn’t just a connective tissue specialised in storing triglycerides,
but also a tissue that is able to communicate externally.

The adipose tissue can communicate on various levels. It can
communicate through hormones such as leptin, adiponectin and
resistin or through citokines like IL-6 and TNF-o.

We should also not forget the adipose tissue’s ability to free up
free fatty acids and its enzymic action as set out by aromatases.

As regards the relationship of the subcutaneous tissue with
hormones, it has a negative correlation with SHBG and a positive
correlation with the availability of estradiol accommodated for
the total amount of testosterone. The subcutaneous tissue, like the
visceral, also has an inverse correlation with the total testosterone
and DHT [4].

The hormonal component is therefore strongly linked to the
pathogenesis of cellulite and the different levels of estradiol and
testosterone, which explains why cellulite is mainly a female
problem.

The ability of the adipose tissue to generate cytokines is asso-
ciated to the need to communicate its state and the excessive
cellular expansion caused by a poor diet causes stress, which is
why the adipose cell sends ‘signals’ of cellular sufferance.

The signals are given, for example, by IL-6, a cytokine known to
many for its stimulation of acute stage inflammatory proteins.

IL-6 pulls macrophages towards the adipose tissue, which
in turn pull other macrophages and other inflammatory
cytokines [5].

On a systemic level, one-third of the circulating level of IL-6
comes from the production of adipose tissue. These levels are
associated with the plasmatic levels of fatty acids and metabolic
factors, such as the increase in the oxidation of fatty acids and
lipolysis by the adipocytes [6].

In the pancreas IL-6 also acts on the o cells deputised to the
production of glucagon, where IL-6R is present. The presupposition
for what happens is a state of overnutrition causes resistance to
insulin and therefore creates a supplementary job for the pancre-
atic islets that produce insulin. That is why IL-6 stimulates the o
cells thereby causing the cells to expand, balancing the function of
the P cells in this way [7].

IL-6 is also a precursor for stress by the muscles. In fact in the
muscles doing the physical exercise, IL-6 promotes the use and
release of fatty acids. In treating cellulite undoubtedly the first
thing to do is to prescribe a diet and physical exercise to ensure
that fatty acids are released and consumed by the muscles [8].

Another molecule that is extremely important for the etiopatho-
genesis of cellulite is TNF-0., a cytokine involved in the inflamma-
tion, apoptosis and production of other cytokines, like IL-6 and
IL-1, and causes insulin resistance. The adipose cell responds
to the production of TNF-a, under the stress of a volumetric
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expansion. TNF-o. also causes the expression of adhesion molecules
in the vascular endothelium and the secretion of chemokines
by the macrophages and endothelial cells [9]. The expression of
TNF-o. by the adipose tissue is directly related with the insulin-
dependent processes, including glucidic homeostasis and lipidic
metabolism [4]. TNF-a has a multiple effect on the lipidic metab-
olism on a paracrine level on the adipocytes and on an endocrine
level, such as the effects on the liver. In the adipose tissue TNF-o
promotes the lipolysis and inhibits the lipogenesis, causing an
increase in the level of fatty acids in the blood [10]. TNF-a. also
causes an increase in the genetic expression in the liver for the
production of de novo fatty acids and a reduction in the oxida-
tion of fats. The production of the VLDL by the liver increases as
a result of this, leading to hypertriglyceridemia [11]. TNF-o also
acts on other molecules, such as insulin, actually on the insulin
receptors, making them less visible on the surface of the cell and
leading to insulin resistance [12]. TNF-o acts on a local level,
altering the secretion of adipokines, considerably reducing their
expression [13].

Among the hormones produced by the adipose tissue,
adiponectin is actually the most abundant molecule. It has many
effects, such as the increase in the sensitivity to insulin and the
inhibition of TNF-a. There is also an inverse correlation between
adiponectin, the risk of obesity, insulin resistance and cardiovas-
cular illnesses. Adiponectin levels are higher in women, and this
constitutes a sexual dimorphism. The circulating adiponectin
does not fluctuate much and this suggests that the liberation isn’t
acute, but is regulated in the long term by metabolic changes. The
clinical result is regained with the adiponectin that is inversely
correlated to the BMI, and the insulin resistance also inhibits
its production [7].

Adiponectin has many vascular effects that cause an improve-
ment in the subcutaneous adipose tissue [7].

For the clinical picture of cellulite, the microvascular compo-
nent assumes an important factor and the adiponectin is inti-
mately related to the working of the endothelium. It is worth
remembering that the adipose tissue isn't richly vascularised
as others may be, therefore the endothelial function, albeit
reduced yet efficient, must be an objective that can be achieved in
treating cellulite.

Techniques for Measurement of Adipose Tissue
We use the term “overweight” to indicate an excess of 20-30% over
the ideal weight; beyond 30% we speak of obesity. It is easy to deter-
mine the body weight, but often this is not correctly interpreted
with the concept of obesity. There are particular physical condi-
tions (bodybuilding) or pathological conditions (ascetes, heart
failure) in which the body weight is above normal without con-
figuring a state of obesity. For this reason it is necessary to adopt
specific methods to calculate the exact percentage of the fatty mass
in order to make a correct diagnosis of overweight or obesity.
Direct measurement techniques are: body impedance analysis
(see Fig. 8.1), density measurement, ecography, computerized
tomography, magnetic nuclear resonance, measurement of total
body water, measurement of total body potassium, neutronic
activation, method of absorption with single or double photon,
uptake of aliposoluble inert gas. Indirect measurement techniques:
index of body mass, plicometry, waist-hip ratio, standard tables,
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Figure 8.1 Body impedance analysis.

anthropometric methods, creatinine clearance [14,15]. The direct
techniques are certainly characterized by greater accuracy of
measurement, but are often difficult to perform and in any case
they often require highly specialized personnel and can be very
expensive. Indirect techniques can often be correlated to the direct
methods with the important advantage of being easy to perform at
no cost, which makes them usable in common clinical practice.

Indirect Techniques
These measurements are designed to provide values similar to
those found in the tables of desirable weight.

Table 8.1 Vascular effect of adiponectin in the subcutaneous
adipose tissue

Vascular effect of adiponectin in the subcutaneous adipose tissue

Increased endothelium-dependent vasodilation

Increased endothelium-independent vasodilation

Antiatherosclerotic effect

Suppression of the expression of receptors known as scavengers of vascular
adhesion molecules

Reduced expression of TNF-a and reduction of the effects of this adipokine on
the endothelial inflammatory response

Amelioration of the effect of growth factors on vascular smooth musculature

Inhibition of the effects of oxidized low density lipoproteins (oxLDL) on the
endothelium, with suppression of cell proliferation, of generation of superoxides
and of activation of mytogen activated protein kinase (MAP)

Increased production of NO

Stimulation of angiogenesis

Reduction of the thickness of the tunica intima and smooth musculature that is
secondary to artery wall injury

Inhibition of migration and proliferation of endothelial cells

Formulas for the ideal weight:

Broca Formula: Ideal weight (kg) = height (cm) - 100 (men)
or 104 (women)
Lorenz Formula: Ideal weight (kg) = height (cm) - 100
—[(height-150)/4].

These formulas were used for a long time, without taking
account of the fact that weight is a three-dimensional parameter.
They were eventually replaced by other measurements such as the
Buffon, Roher and Bardeen formula and then by that of Quetelet
and Martin. However, since these formulas are based solely on
theoretical factors, from the clinical point of view the formula for
the index of body mass is the one most widely used:

Body Mass Index (BMI) = weight (kg)/height (mt)

This parameter correlates very well with body fat especially
when we consider the age of the patient. It tends to remain con-
stant in patients with a certain degree of thinness or obesity in a
rather broad range of height, so that variations of the BMI can
provide a valid measurement of body fat regardless of height.
Evaluation of the body mass index is now the most widely used
method in outpatient practice to measure the degree of obesity.

Plicometry

The percentage of adipose mass can be estimated through the
measurement of skin folds using a special instrument called a
Harpenden plicometer. For a correct assessment it would be
advisable to measure the thickness of the subcutaneous tissue in
folds at the bicipital, tricipital, subscapular and suprailiac levels.
Though this method is still used, it is fraught with difficulties due
to the poor standardization of the test (diversity of pressure and
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difficulty in locating the exact points to measure in some patients,
especially severely obese ones). The difficulty can be increased by
different distribution of the adipose tissue from one patient to
another (generalized, abdominal). With this method the threshold
values obtained, with the sum of the thickness of the subscapular
and tricipital fold are 52 mm for men and 70 mm for women.

Waist-Hip Ratio (WHR)

On the basis of the distribution of the adipose tissue, it is pos-
sible to distinguish three types of obesity: android, intermediate
and gynoid. The use of this method is a simple and valid index of
the central or peripheral distribution of the adipose tissue and is
related to the appearance of different and multiple metabolic com-
plications. Android obesity (centripetal, of the trunk, apple-like,
abdominal, visceral) is characteristic of the male sex with a dis-
tribution of the adipose tissue in the upper part of the body (face,
neck, shoulders, upper abdomen) and is aggravated by various
complications such as diabetes mellitus, hyperlipidemies, hype-
ruremia and high blood pressure. Gynoid obesity (subcutaneous,
pear-like) is characteristic of the female sex, with distribution of
the adipose tissue in the lower part of the body (hips, buttocks,
thighs, lower abdomen) and is related to complications such as
venous insufficiency and cellulitis. On the basis of the waist-hip
ratio we can establish parameters that indicate the various types
of obesity [16,17]:

Gynoid obesity WHR < 0.78
Intermediate obesity WHR between 0.79 and 0.84
Android obesity WHR > 0.85

Direct Techniques

Computerized analysis of body composition by body impedance
analysis

When we speak of B.I.A. we refer to a method that is easy to
perform and is considered the most reliable to provide an exact
estimate of the body composition. It succeeds in overcoming the
error of assessment that can be made using other methods still
in use today (BMI, plicometry) that, while undoubtedly valid,
do not provide an exact measurement of the components of our
body. First discovered in 1962 by Thomasett, who discovered the
relationship between total body water and a particular physical
parameter called impedance, it was not until 1983 that Nyboer,
through complex calculations (predictive equations) was able to
apply the principles of impedance to the study of the body com-
position. A few years later other scholars defined the utility and
reliability of measurement of body impedance to determine the
amount of water in the organism and thus to calculate the exact
composition of the body.

Body impedance analysis is based on physical principles
through the quantification of the amount of water in the body.
Water is a good conductor of electricity and, as the lean mass
consists mainly of water, by measuring the water content of the
body it is possible to determine the amount of lean and fatty mass,
the intracellular and extracellular content of water, the quantity
of cellular mass (a fundamental parameter to define the patient
“in good health” and the basal calorie consumption. Body
impedance analysis does not require any special preparation of the
patient (it is sufficient not to drink and not to perform any physical
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activity for 4 hours prior to the examination) [18]. The fields of
application of this method have developed in recent years to the
point that this examination has become fundamental even in
pathologies heretofore considered at risk (kidney failure). It has
become particularly important for the correct assessment of the
body composition of the obese patient both at the beginning of the
dietetic and/or pharmacological treatment, but also and above all
for a dynamic determination of the variation of the bodily param-
eters in time, with particular attention to conservation of the lean
mass. However, in view of the capacity of this method to assess,
mainly, the body water content, it has found application also in
pathologies in which water exchange may be altered. Among these
are water retention, kidney failure (the first studies on impedance
measurement were made on patients undergoing dialysis, when
the first database was created), high blood pressure (especially in
patients being treated with diuretics with particular attention to
the more drastic ones like furosemide), dehydration, denutrition,
glandular diseases (particularly those affecting the surrenal glands
or hypothyroidism), pregnancy and menstrual disorders [19].

DXA

The DXA (dual energy X-ray absorptiometry) scan is mainly used
to evaluate bone mineral density, and furthermore, can also be
used to measure total body composition and fat content. The
DXA is the latest and most accurate way of testing and deter-
mining body composition; it is generally considered the current
gold standard for this purpose.

This method applies the concept that lean tissue and fat tissue
have different density and therefore, using special formulas, it is
possible to convert the density value to that of the percentage of
body fat.

The DXA is useful for getting information about bone density,
body fat percentage, lean body mass, fat mass, and distribution of
fat and lean mass in trunk, legs and arms.

In women with cellulite, DXA can help to evaluate the amount
of adipose tissue of the legs. This information is very important
for medical therapy and also patients, who with a great under-
standing of how the body is responding to the changes made,
are more inspired to persist with this therapy and maintain their
newly adopted lifestyle.

The investment level needed to buy the medical device is still
high but DXA is a safe, painless and quick test that provides
detailed information about patient’s lifestyle; as a consequence,
DXA analysis is still costly for patients.

Macro-Nutrients

Macro-nutrients are proteins, lipids (fats) and carbohydrates.
They are the main ingredients of the diet and the basic material
that our body is composed of (proteins and fats normally account
for 44% and 30% respectively of the body’s dry weight), or the fuel
required to make it work (carbohydrates and fats in theory supply
about 55% and 30% respectively of the energy we need).

Proteins

Proteins are the macromolecules derived from the union of much
simpler units, the amino acids. They constitute the category of
macromolecules most common in nature, given that they repre-
sent about 50% of the dry weight of cells. The basic ingredients of
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proteins are, as we have said, the amino acids or rather the alpha-L
amino acids. From a biological point of view these compounds
divide into two main categories: essential amino acids (EAA) and
nonessential amino acids (NEAA). Proteins perform numerous
and very varied functions in the body that constitute most of the
essential life processes. For the sake of convenience proteins are
classified into various groups depending on their characteristics:
simple proteins composed only of amino acids (fibrous, globular)
and combined proteins composed in part of amino acid and in
part of a non-proteic group called prosthetic (chromoprotein,
metalloprotein, nucleoprotein, glycoprotein, lipoprotein). The
daily dietary need has not yet been defined with absolute certainty
since there are many parameters to consider. Protein intake is not
only correlated with growth and maintenance of body weight but
with many vital processes. Enzymes and some proteic hormones
need to be synthesised continuously [20]. The osmotic pressure
of the organism must be maintained and there may be further
variations in requirements linked to changes in temperature or
the activities performed or even to varied physiological states,
such as in pregnancy or when breast-feeding. There are however
some widely accepted notions of daily protein requirements that
recommend at least 1.2 g/day of protein per kg of body weight
for women and 1.5 g/day per kg of body weight for men. How-
ever a quantitative indication alone is not sufficient. The quality
of the protein is important too. The distinction between EAA and
NEAA is fundamental since the body is unable to synthesise EAA
which therefore need to be eaten as they are, while it can synthe-
sise NEAA albeit at the expense of other amino acids. The role
attributed to these substances nowadays is obviously a structural
one but amino acids may also be used for other purposes such as
producing energy as happens whenever a dietary deficit (a diet
low in glucides) or prolonged fasting (amino acids deriving from
the breakdown of cellular and tissue structures) occurs. They may
also be transformed into stores (glycogen or lipid) when the diet is
too rich and the intake of amino acids exceeds the actual require-
ment. Proteins are digested and absorbed in the small intestine
even though the digestive process involves the mouth, stomach
and large intestine. The absorption of intact proteins occurs only
in the breast-fed baby by means of pinocytosis while in the adult
this process is so limited as not to be of particular significance.
The absorption of digested proteins takes place at the beginning
of the small intestine and is practically complete by the time it gets
to the empty intestine.

Carbohydrates

Carbohydrates are a class of compounds very plentiful in nature
and include sugars, starch and cellulose. Various divisions have
been proposed for the purpose of classifying carbohydrates
although they are commonly divided into four groups: mono-
saccharides, disaccharides, oligosaccharides and glycans. Among
the most important simple sugars are glucose (commonly known
as dextrose), fructose (also called levulose) and galactose. A diet
free of carbohydrates provokes serious metabolic alterations
and absolutely harmful biochemical imbalances in laboratory ani-
mals. In fact, while glucides can also be produced using alterna-
tive metabolic procedures from proteins and lipids, a dietary defi-
ciency will inevitably affect the ability to maintain a stable level of
blood sugar (glycemia), an essential element for the correct per-

formance of all vital processes. The caloric requirement for the
survival of an individual depends on many factors, of which age
and the type of work performed are important, but is generally
around 2000-4000 calories per day. Carbohydrates provide about
4 kcal/g (roughly the same as proteins) against the 9 kcal/g of fats
and may make up over 50% of the calorie requirement depending
on the diet [21,22]. Once carbohydrates have been introduced
through the diet they undergo a process of separation into mono-
saccharide components so as to be absorbed and metabolised.
The main glycans consumed in the diet are starch and glycogen
which begin to be broken down by enzymes as soon as they are
masticated. The monosaccharides are thus liberated and can
be absorbed by the intestinal villi. Absorption may be passive
(by mere diffusion) or active (through the consumption of
energy). The monosaccharides are then sent to the portal vein
and hepatic artery through which they arrive at the liver. It is
through these mechanisms, controlled by the endocrine and ner-
vous systems, that the concentration of glucose in the blood is
kept constant. In man, in conditions of fasting, the glycemia level
oscillates between 70 and 90 mg/100 ml and must not go under
40 mg/100 ml, a limit below which the body enters an extremely
serious clinical and metabolic situation called “hypoglycaemic
coma” deriving from the particular sensitivity of nervous tissue to
the level of blood sugar in the body.

Lipids

Fats and oils represent the commonest and sole category of com-
pounds known as lipids. The term lipid may be used to define any
compound of a group of substances that are generally soluble in
ether, chloroform or other solvents for fats but soluble only to a
limited degree in water. Foods may contain all or some of these
substances but the ones we are most affected by are the fats or
glycerides and the phosphates. Fats and oils are the most highly
concentrated source of energy. They provide about 40 k] of energy
per gram which is about double that of proteins or carbohydrates.
They are carriers of liposoluble vitamins and contribute to the
sense of taste and the palatability of foods as well as to the sense of
fullness. Lipids in the form of triglycerides, phospholipids, choles-
terol and cholesterol esters are essential for the structure, compo-
sition and permeability of the cellular membrane and walls. Lipids
are the main component of adipose tissue which also acts as a
thermal insulator for the body [23]. On average an adult eats from
60 to 150g of lipids a day composed of 90% of triacil-glycerols and
for the remainder by phospholipids, unbound and estered choles-
terol and unbound fatty acids. As well as these, 1-2 g of cholesterol
and 7-20 g of lecithin are excreted in the lumen of the duodenum
as constituents of bile. The metabolic importance of fatty acids is
mainly energetic. In fact their oxidative breakdown results in the
production of large quantities of energy in the form of ATP and
triglycerides constitute the main energy reserve of the body. Most
of the fats used by man are supplied through the diet by means of
digestive and absorption processes. Fatty acids are absorbed by
the various tissues in variable quantities and may be used to pro-
duce energy. This process comes about mainly in the mitochon-
drions. The extent to which fatty acids are used to produce energy
varies considerably from one tissue to another and depends on the
metabolic state, state of nourishment, of fasting and of physical
exercise. For example while nervous tissue hardly uses fatty acids
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at all to produce energy, muscle tissue, whether skeletal or cardiac,
uses them to a considerable degree. In conditions of prolonged
fasting moreover many tissues become capable of using ketone
bodies too, including the nervous system. Polyunsaturated fatty
acids deserve a special mention. Lately much attention has been
focused on these acids with regard to their purported ability to
prevent or delay the atherosclerotic process. The human body is
able to produce most of those present in the organism except for
those belonging to the linoleic and linolenic series. The function
of the fatty acids of the linoleic series became clear when arachi-
donic acid was identified as the precursor of prostaglandin, while
a derivative, C22, of the linolenic series has been found in high
concentrations in the membrane of nervous cells and those of the
retina. An important function of all unsaturated fatty acids is to
maintain a certain fluidity of cellular membranes.

NUTRITIONAL TREATMENT

Food Hormones

Glucagon is secreted by the alpha cells of the pancreas when
the level of glucose in the blood falls below the normal level
(i.e. 4.5 mM). It triggers a series of reactions at the level of the
liver that lead to the release of glucose from the glycogen reserves
and block the production of triglycerides. The ingestion of pro-
teins, as a result an increase of amino acids in the blood, leads to
a postprandial physiological increase of glucagon. Blood levels of
glucagon are higher in glucagonoma, endocrine polyadenoma-
tosis, liver and kidney failure, untreated diabetes and Cush-
ing’s disease. Traumas, prolonged fasting, infections, excessive
physical exercise, pancreatitis, pheochromocytoma, untreated
diabetes mellitus, uremia and chronic kidney failure also cause
an increase in the levels of glucagon. A reduction in the blood
levels of glucagon occurs in patients with cystic fibrosis, chronic
pancreatitis, pancreatitis caused by tumour or surgical removal
of the pancreas.

Insulin is also secreted by the pancreas, by the beta cells, under
the opposite conditions from those which cause glucagon secre-
tion, that is, an abundance of glucose in the blood, a condition
known as “hyperglycemia” It is a protein-synthesized hormone
in the form of inactive proinsulin, consisting of two polypeptide
chains, A and B, connected by a polypeptide (peptide C), from
the detachment of which active insulin originates. The concen-
tration of insulin may be elevated in patients with insulinoma
and acromegalia, in obesity, in Cushing’s disease and in women
taking oral contraceptives [24]. The task of insulin is to eliminate
the excess sugars in the blood by facilitating their absorption at
the muscular level and by the liver. Insulin also stimulates the
synthesis of triglycerides and their “storage” in the form of fatty
droplets that join together to form fatty tissue, and if the accumu-
lation is excessive, what is known as a “paunch” will form, and in
extreme cases it can result in obesity. Insulin is secreted mainly
because of an excess of glucose (carbohydrates) in the blood (and
a negligible increase of amino acids), while glucagon is secreted
only in response to an increase in the concentrations of amino
acids (proteins). Fats do not seem, however, to affect the syn-
thesis of these two hormones. After a meal, the pancreas secretes
as much insulin as necessary to maintain the proper concentra-
tion of sugars in the blood. A meal rich in carbohydrates causes a
higher rate of production of insulin to be secreted into the blood.
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If this occurs, it upsets the balance between insulin and glucagon.
The diet should therefore be well-balanced and should provide
us with the proper amount of carbohydrates, proteins and fats to
meet the needs of the organism. Many studies of obese patients
have shown that these patients have a low response to insulin and
it has been shown that insulin-resistance is a major factor of risk
for diabetes [25].

Resistance to insulin is the inability to regulate the action of
insulin at the level of the muscles and fatty tissue. The excess of
insulin is associated with an increased synthesis of fats (triglycer-
ides) and their reduced fission, and an increase in PAI-1, a factor
that regulates fibrinolysis and coagulation [26-30]. Studies made
on groups at high risk for the development of diabetes, such as
the Pima Indians of North America or the relatives of patients
affected by type 2 diabetes, have shown how insulin-resistance
precedes and predicts the subsequent development of diabetes.
On the other hand, insulin-resistance is one of the components
of the so-called “X-Syndrome” or endocrine-metabolic syn-
drome, clinically characterized by high arterial blood pressure,
insulin-resistance, hyperinsulinemia, hyperlipoproteinmia and
alterations of blood coagulation [31,32].

Clinical and epidemiological studies suggest a close correla-
tion between the X syndrome and risk for ischemic heart disease.
There is also substantial evidence indicating that insulin-resistance
and the resulting compensatory hyperinsulinemia are major risk
factors for vascular atherosclerotic disease, which is one of the
most frequent medical pathologies connected with aging [33-39].
The pathogenesis of insulin-resistance appears to be quite complex
and is caused by a combination of genetic defects and environ-
mental factors. Some of the genetically predetermined molecular
defects can be considered the pathogenetic “prime mover” which
is followed by a sequence of secondary metabolic alterations
that conspire to cause the many clinical expressions of insulin-
resistance. Like oncogens, these primitive genetic factors could be
called diabetogens. Up to the present time, almost 100 proteins
involved in the biological response to the action of insulin have
been identified and characterized at the muscular level. The first
reaction to the secretion of insulin consists of its interaction with
its receptor on the plasma membrane of the target cells (Fig. 8.2).

The insulin receptor is an integral glycoprotein of the membrane
formed by two alpha or two beta chains joint by three sulphide
bridges and an enzyme belonging to the family of the tyrosine-
kinases. The sites of the bond for insulin are on the extracellular
side and the domains of tyrosine-kinase are on the cytosolic
side [40]. The insulin receptor (HIR) has two isoforms that differ
as regards the presence (HIRB) or absence (HIR-A) of a chain of
12 amino acids located on the COOH-terminal end of the extra-
cellular subunit (Fig. 8.3).

The expression of the two isoforms is tissue-specific and is
regulated by a mechanism of alternative “splicing” of exon 11 of
the gene of the insulin receptor. Recent studies have reported that
the two receptor isoforms possess a different affinity for the bond
with insulin and different kinetics of internalization, thus sug-
gesting the possibility that the two receptor isoforms may have a
different biological activity, going so far as to cause specific modu-
lation of different tissues in the cellular response to the stimulus of
insulin. The action of insulin on the transport of glucose involves
the translocation of carrier proteins, called transporters, from the
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Figure 8.2 Insulin receptor.

intracellular compartment to the plasma membrane, and the sub-
sequent activation of the translocated transporters on the cell sur-
face. The transporters of glucose are a family of proteins with five
different tissue-specific isoforms called GLUT (Fig. 8.4).

The insulin-sensitive isoform, present in the two main target
organs, the muscle and fatty tissue, is GLUT 4. The transporters
of GLUT 4 are positioned on the plasma membrane where they
facilitate the entrance of a larger quantity of glucose in the muscle
and fat cells. Furthermore, no significant alterations of the gene
expression of GLUT 4 have been shown under conditions of pre-
clinical insulin-resistance such as obesity and a reduced tolerance
to carbohydrates.

Overweight/Obese Patients and the Metabolism of Sugars

and Fats

Hyperinsulinemia causes a reduction in the surface density of
insulin receptors and a reduction of their bonding affinity for
insulin, giving rise to a condition known as insulin resistance. This
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Figure 8.3 Insulin-induced Glut4 expression.

in turn further stimulates the secretion of insulin with gradual
exhaustion of the pancreatic reserves and a possible development
of type 2 diabetes mellitus. It is well known, in fact, that obesity
is one of the main factors of risk for the development of type 2
diabetes mellitus and that the risk of this pathology increases with
the increase of the BMI (Fig. 8.5).

Insulin resistance causes a reduction of glycogen synthesis
in the liver and an increase of neo-glucogenesis. This condi-
tion is aggravated by the increased release in the portal blood-
stream of FFA (free fatty acids) by the visceral adiposites,
which are particularly sensitive to lipolithic stimuli [41,42].
The increase in the concentration of FFA in the portal circula-
tion facilitates production by the liver of VLDL (very low den-
sity lipoproteins). Consequently, we can observe the alterations
characteristic of the

- increase of triglycerides appearance of small, dense LDL
(low density lipoproteins)

- increase of apolipoprotein B, decrease of HDL (high
density lipoproteins).

This is associated with an approximately 20-fold increase in the
risk of cardiovascular disease [43-45].

The presence of an altered balance between the synthesis of
triglycerides and their mobilization by the hepatocyte, in the form
of VLDL is a cause of hepatic steatosis, characterized by a fat accu-
mulation that exceeds 5% of the weight of the organ. This accu-
mulation translates, on the cytological plane, into the appearance
of fatty droplets in the hepatocyte.

From the ecographic point of view it can be seen that there is
an increase in the ecogenicity of the organ that acquires the typ-
ical appearance described as bright liver, with an increase in the
volume and rounded margins. The possible appearance of inflam-
mation and fibrosis characterizes a condition that has a potential
for rapid degeneration and that is defined as non-alcoholic steato-
hepatitis (NASH) [46-48,28].

This condition has been observed mainly in obese patients, par-
ticularly middle-aged women and/or type 2 diabetics. Factors that
foster the process are hyperlipoproteinmia, the use of drugs and
some of the surgical procedures that are used to treat severe obe-
sity. A diet rich in sugars causes an increase in the production of
insulin by the beta cells of the pancreas. By consuming too many
proteins we force it to secrete glucagon. Both situations of imbal-
ance cause their own specific problems.

Many studies of obese patients have shown that these patients
have a low response to insulin and it has been shown that insulin
resistance is a major factor of risk for diabetes [25].

Resistance to insulin is the inability to regulate the action of
insulin at the level of the muscles and fatty tissue. The excess
of insulin is associated with an increased synthesis of fats (tri-
glycerides) and their reduced fission, and an increase in PAI-1,
a factor that regulates fibrinolysis and coagulation [26-30].
Studies made on groups at high risk for the development of
diabetes, such as the Pima Indians of North America or the rela-
tives of patients affected by type 2 diabetes, have shown how
insulin resistance precedes and predicts the subsequent devel-
opment of diabetes. On the other hand, insulin resistance is one
of the components of the so-called “X-syndrome” or endocrine-
metabolic syndrome, clinically characterized by high arterial
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blood pressure, insulin resistance, hyperinsulinemia, hyper-
lipoproteinmia and alterations of blood coagulation [31,32].
Clinical and epidemiological studies suggest a close correlation
between the X-syndrome and risk for ischemic heart disease.
There is also substantial evidence indicating that insulin
resistance and the resulting compensatory hyperinsulinemia are
major risk factors for vascular atherosclerotic disease, which is
one of the most frequent medical pathologies connected with
aging [33-39].

The pathogenesis of insulin resistance appears to be quite
complex and is caused by a combination of genetic defects and
environmental factors. Some of the genetically predetermined
molecular defects can be considered the pathogenetic “prime
mover” which is followed by a sequence of secondary metabolic
alterations that conspire to cause the many clinical expressions of
insulin resistance. Like oncogens, these primitive genetic factors
could be called diabetogens. Up to the present time, almost 100
proteins involved in the biological response to the action of insulin

Insulin Resistance:
Underlying Cause of Diabetes

Figure 8.5 Insulin and Disease.
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have been identified and characterized at the muscular level. The
first reaction to the secretion of insulin consists of its interaction
with its receptor on the plasma membrane of the target cells
(See Fig. 8.2).

Insulin and Inflammation

In cellulite treatment, as well as wanting to achieve a drop in
subcutaneous fat, the objective must also be a reduction in
inflammation.

There is a strong link between insulin and inflammation since
the insulin resistance is associated with an excessive production of
inflammatory cytokines [49].

The relationship between insulin resistance and cytokines is
complicated since they influence each other. In fact, as stated
above, TNF-a: inhibits insulin receptors that lead to greater insulin
secretion to provide the inhibition; on the other hand, the exces-
sive insulin response in turn inhibits the number of the receptors
expressed on the surface.

TNF-o also has a clear influence on the endothelium and therefore
the insulin resistance is also associated with the cardiovascular risk.

It has been demonstrated that, in the subcutaneous adipose
tissue of moderately obese women, women with insulin resistance
had a greater amount of inflammation compared to the obese
group, but not insulin resistant [50].

In some research, the inflammatory process seems to be mainly
linked to the subcutaneous adipose tissue (although not all pub-
lications are in agreement on this point). In treating cellulite this
reflects the importance of modulating the inflammation through
nutritional treatment aimed at reducing the insulin response [51].

An appropriate diet that controls the insulin and reduces the
body fat does not only cause a reduction in the inflammatory
cytokines, but also an increase in the anti-inflammatory cytokines
such as interleukin 10, interleukin 1 receptor antagonist [52].

It has now become clear that the first step in treating
cellulite, excess adipose tissue and inflammation is to control
insulin through diet and physical exercise.
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The Food Pyramids

There is increasing talk of “healthy eating”. There is no longer any
doubt about the link between nutrition and the diseases of the
rich countries: obesity, arterial sclerosis, diabetes, hypertension,
etc. [53]. 40% of oncological disease and 60% of cardiovascular
disease depends in fact on bad nutrition. There is widespread evi-
dence to show in particular that the incidence of breast cancer
is directly linked to a high consumption of fats and with obesity.
Just as much evidence has been found from research to show that
a constant intake of fruit and vegetables, which provide the body
with antioxidant substances, vitamins and fibre, discourage a
whole series of neoplasia [54,55].

In 1992 the United States Department of Agriculture (USDA)
published the now famous food pyramid which aimed at helping
the American public choose a diet that would keep them healthy
and reduce the risk of chronic illness.

The USDA pyramid has complex carbohydrates at the bottom:
bread, pasta, rice, refined cereals and so on to be eaten without
moderation and in quantities decidedly superior to the other
foods [56].

This is followed by vegetables and fruit, potatoes (another
source of carbohydrates), then dairy products, animal and veg-
etable proteins such as red meat, poultry, fish, beans and eggs.

At the top of the list are foods to be eaten in moderation: sweet
foods, fats and oils. Since 1992, further research has shown how
this pyramid had many defects. By promoting the consumption of
complex carbohydrates and excluding fats and oils, the pyramid
was a deceptive guide. Not all fats are in fact harmful nor are all
complex carbohydrates good for one’s health.

Two authoritative American epidemiologists with specific
and recognised expertise in the field of nutrition, Walter Willett
and Meir Stampfer, published their proposed revision of the
pyramid in the journal Scientific American containing, compared
to the previous version, several significant changes [57]. Willett
and Stampfer’s pyramid got a lively debate going among the
experts. The authors, in fact, “broke away” from the established
thinking of the past in some spheres and, as often happens, this
decision was subject to differing evaluations in the scientific com-
munity [58,59]. See Fig. 8.6.

The new pyramid includes, first of all, two concepts that have
clearly emerged in recent years and that is that not all fats have the
same nutritional value and that the classic differentiation between
simple and complex carbohydrates, in fashion for many decades,
is probably no longer sufficient to enable consumers to choose the
healthiest foods.

As regards fats in particular, the new pyramid has adopted
drastic choices. While all the fats were placed near the top in the
old version (meaning, as everyone knows, that they were to be
eaten in moderation), currently only saturated fats, and specifi-
cally butter, are still in this “uncomfortable” position.

Fats of vegetable origin such as olive, corn and rape oil, known
in the USA as “canola,” are situated towards the bottom of the
pyramid, with a specific suggestion that they be eaten every day
and probably during meals. Margarines, relatively rich in “trans”
type fats are excluded from the pyramid altogether, not even being
present in the upper part.

This approach regarding the consumption of fats presum-
ably derives from the information gathered by the authors, who

have been conducting three extensive epidemiological studies for
many years now (the study of nurses, the study of health profes-
sionals, the study of doctors) which has provided an enormous
quantity of information also relating to the correlation between
specific aspects of nutrition and the risk of cardiovascular
events [60].

In the study of the nurses in particular, which is the one with
the longest follow-up, one can observe how with the increase in
the consumption of monounsaturated fatty acids, and especially
of polyunsaturated fats, the risk of cardiovascular events continu-
ally decreases. The fifth of the population with the highest intake
of polyunsaturated fats (specifically of linoleic acid) show in the
above study a risk of cardiovascular events which is 30-35% lower
than the fifth of the population in the same study with a lower
intake of these fatty acids.

At the extreme opposite of the scale, high consumers of trans
fatty acids show a relevant and significant increase of cardiovas-
cular events compared to women who consume a smaller quantity
of these fats.

The authors therefore stigmatise the consumption of fats of
animal origin or of hydrogenated vegetable fats, while they explic-
itly promote the consumption of vegetable oil, in all its forms (and
therefore of olive oil and corn oil). Also as regards carbohydrates
the choices adopted in the new pyramid are quite drastic and have
in actual fact aroused some perplexity among those operating in
the sector. The complex carbohydrates such as bread, pasta and
rice, previously at the bottom of the state pyramid, have been
repositioned, in this proposed revision, right at the top of the
pyramid. In practice a total turnaround: a group of foods that in
the previous guide were to represent the basis of daily nutrition
is today classified as “to be eaten in moderation” In their place at
the bottom of the pyramid are wholemeal cereals, rich in fibre, for
which a daily intake is recommended.

Presumably the basis for differentiating between these two cat-
egories of foods should be looked for in their differing propensity
to release sugar into the blood once consumed: in other words
their glycemic index. Foods with a low glycemic index tend in
fact to be associated with higher cholesterol/HDL values, reduced
plasmatic values for certain indicators of inflammation (such as
reactive protein C, or PCR, the levels of which are correlated to
cardiovascular risk), to more favourable plasmatic levels of the
triglycerides. The new pyramid has an added lowest step that
underlines the need to perform an adequate amount of physical
exercise every day and that presents, as an external suggestion, the
consumption of a moderate amount of alcohol (where there are
no counter indications) and of a vitamin supplement which the
authors deem sufficient for most of the population [61]. The first
of these factors is actually generally supported by the scientific
community (physical exercise is well known for helping to main-
tain the right body weight, of improving the values for HDL and
of exerting a pro-fibrinolytic effect); the consumption of moderate
amounts of alcohol in turn has recognised positive effects on car-
diovascular risk, mediated in this case too by the improvement of
the plasmatic lipoprotein profile and by the induction of a favour-
able relationship between the metabolic processes of thrombosis
and fibrinolysis; as far as the use by large parts of the population
of vitamin and mineral supplements is concerned, opinions are
more divided: specifically, it may well be that vitamin intake in
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Figure 8.6 The USDA Food Pyramid.

Mediterranean areas like our own is superior and that therefore
such intervention is less important than in areas where less fruit,
vegetables and fresh plants are eaten, as one can observe in many
Anglo-Saxon countries.

Anti-Inflammation Diet
The world of diets now seems to have become limitless. There
are various types of diets: the Mediterranean, Atkins, the Zone,
the Paleo Diet, the Blood Group Diet, and so on. The truth is
that the human body has its own physiology and mechanisms
that should be satisfied. The topics that have generated the most
interest over the last few years have regarded the consumption
of carbohydrates and protein. The questions have always been
the same, how much carbohydrate? How much protein? Which
carbohydrates? The answers are often different, but we can
perhaps say that a milestone has been reached. At last we now
talk about glycemic index and load and the distinction between
simple and complex carbohydrates has almost been set aside.
The glycemic index was discovered in 1981 by Dr. David
Jenkins, a professor of food science at the University of Toronto
in Canada, who started to consider foodstufts not only based on
their quantitative content of carbohydrates, but also based on the
different effect that these could have on glucose levels in the blood.
In fact the glycemic index is a classification of the various food-
stuffs containing carbohydrates on a scale from 0 to 100, based on
the speed with which they cause an increase in glycemia (or rather
the glucose levels in the blood). It is calculated by comparing the
foodstuffs that contain equal quantities of carbohydrates with a
control food, such as pure glucose. In practical terms, an amount
of foodstuft being tested, containing 50 g of carbohydrates, is
given to various volunteers, then their glycemia is measured at
15-30-minute intervals over the next two hours and a glycemic
curve is created. This is then compared with the glycemic curve
created based on taking 50 g of pure glucose (control foodstuff).
A glycemic index equal or higher than 70 is regarded as HIGH,
MEDIUM if between 56 and 69, and LOW if equal or less than 55.
These values are stated in the reference tables. The foodstuffs
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containing carbohydrates that are broken down rapidly during
the digestive processes have a high GI, therefore following their
absorption there will be a rapid and high glycemic response, pro-
ducing high quantities of insulin (a hormone secreted by the pan-
creas in response to the glycemic increase), which facilitates its
entrance into the adipose tissue, as well as into muscle, where it
is converted into fat, to accelerate the disposal of the glucose. On
the contrary, there are carbohydrates in low GI foodstuffs that are
broken down slowly and cause a gradual release of glucose in the
blood with a positive influence on the secretion of insulin. Slow
digestion helps to keep one feeling full for longer and helps with
weight loss. Keeping the glycemic index at lower levels during the
day improves the health of the coronary arteries, reducing the oxi-
dative stress associated with glycemic peaks, reduces the formation
of lipidic deposits, atheromatous plaques and thrombi. However
we should add that we cannot choose the foodstufts purely based
on the GI value stated in the reference tables as this can vary based
on different factors, such as the variety, collection time, area and
means of production, fat content, protein and fibre, preservation
and drying, the method and cooking time and other ingredients
in the recipe. High fat quantity slows down the gastric emptying
and influences the digestion and absorption processes; therefore
the foodstufts with a high percentage of lipids have a reduced
GI value compared to those in which there are minimal quantities
of fat. For example, chips have a lower GI compared to potatoes
cooked without fat, just as many biscuits have a lower GI than
white bread. However, this does not mean that they are a better
choice as the fat content has a negative effect on the general state
of health in a greater measure compared to the benefits of a low
glycemic index [1].

Therefore the GI is never considered in isolation and is above
all connected also to quantity, that is to say, to the glycemic load
(GL). The glycemic response of a foodstuff, that is to say the scale
with which the glycemia increases and remains high after being
taken, depends also on the amount of carbohydrates contained in
it as well as its glycemic index. The glycemic load is an index that
takes into consideration the amount and type of carbohydrates
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in the foodstuffs and is calculated by multiplying the glycemic
index of the foodstuff by the amount of carbohydrates in a single
portion and dividing it by 100.

CG = (IG * Carbohydrates in the portion): 100

The carbohydrate content of a foodstuff can easily be identi-
fied by observing the nutritional label and then comparing it
with the portion consumed. As regards the GI, we must stick
to the reference tables instead as it is still not common practice
to show it on the labels of specific products. By calculating the
glycemic load one has a more correct view of how much a cer-
tain portion of a given foodstuff goes on to influence one’s gly-
cemia. For example, melon has a high glycemic index, but in
100 g it contains a few grams of carbohydrates, so the glycemic
load of one portion is modest. Therefore it is always impor-
tant to consider the GI of every foodstuff in accordance with
its GL [2].

Food Intolerance

Cellulite: Immunological Inflammation Function and Other
Alimentary Aspects

Daily we have to examine patients who have complex manifesta-
tions that involve all body systems. Most doctors are often unpre-
pared to handle these type of phenomenons.

If a patient presents unique symptoms as articular pain, abdom-
inal pain, reflux disease (GERD), colitis, cough, asthma, and skin
allergies that appeared after eating some food, the most common
answer is: “It's impossible that everything is connected”

Today not only we are sure that it is so but we also know that
overweight, obesity and cellulite (even in underweight patients or
patients with alimentary behaviour disorders) are an integral part
of this situation, one that finds its cause in inflammation deter-
mined by food intake.

This inflammation is at the same time the concause and
also the main cause of all reactions, that lead lypodystrophy
(cellulite). It may depend on a retarded allergic reaction to
food as well as on altered relations among the meals and from
the altered hormone balance established by the same adipokine
production.

It is really important to consider the immunological scientific
discoveries of recent years in order to understand the direct effect
of food allergies and discuss all possible actions.

In considering a complex inflammatory disorder, a well-informed
doctor asks his patient to undergo specific tests for IgE (Prick and
RAST test), without realizing that in the last 5 years scientific research
has taken a huge step forward on food allergies and their related
causes. Thanks to this today we know that food allergies are divided in
immediate food allergies (bound to immunoglobulin E) and delayed
allergies (caused by a cellular reaction promoted by several types
of antibodies) which up to now were considered food intoleran-
cies. The latest scientific research, strong and unattackable, proves
that:

a. Everyoneis allergic to something and the only way to healing
is monitoring the immune system (which is why almost
everyone said to have an intolerance or an allergy when the
real truth is that we have these diseases from birth and these
symptoms are only the demonstration that we lost control of
their regulation [62]).

b. Many allergies and all food intolerances are connected to
delayed phenomena, modulated by cell reactions and not just
by IgE antibodies (as it has been believed for decades) [63].

c. Recently some alternative reasons for the manifestation of
classic allergies have been identified, that cause the same
phenomena but are not revealed by classic tests. The diag-
noses that have been carried out until now are very incom-
plete [64].

The scientific work that recently has upset the academic world
is worth pointing out: the American Fred Finkelman discovered
that at least two different ways of allergy activation exist showing
the same identical symptoms. This means that every diagnosis
carried out until 2007 has been rather incomplete, since the “alter-
native” one could not be excluded. The reaction to a food-delayed
allergy is therefore a reaction caused primarily by the action of the
cells rather than only the antibodies.

The description of this allergy showing two ways, the classic
one (with presence of IgE), and the alternative one (without IgE,
of cellular type), is close to the classic model of delayed food
hypersensitivity (intolerance), as it supports the conviction that
the second type of allergy is (as anticipated by Sampson) a model
always present in the body system, more or less partnered with the
type IgE reaction [63].

Let’s observe in detail these two manifestations:

e Classic way modulated by IgE, by histamine, stimulated by
few quantities of antigen, even in the presence of low quanti-
ties of antibodies

e Alternative way mediated by macrophages, with the par-
ticipation of PAF (platelet activating factor), modulated by
IgG (immunoglobulin G), and probably stimulated by high
quantities of antigens repeated in more time, in the presence
of elevated quantities of antibodies.

Therefore we are dealing with an extraordinary discovery
that allows us to completely reconsider the way in which aller-
gies develop and are controlled. We need to remember also that
IgG are the antibodies that grow when the tolerance towards
the classic allergy begins to develop, so IgG never need to be
considered totally dangerous.

The Allergy and Intolerance Reactions: Global Involvement

In this context one cannot underestimate the continuous inter-
action, in the organism, among the different systems and appa-
ratuses. It is not rare, for example, that in a person suffering from
a thyroidal pathology, sooner or later, an antibody response that
is related to the same gland is also activated. It has been shown
that a person who has had Hashimoto thyroiditis, and is allergic
to graminaceous plants, during springtime, when pollen stimu-
lates the nasal response, points out a clear increase of thyroidal
antibodies, that, in accordance with the official science, are not
related to the pollen reaction. On the contrary the highlighted
response depends on the fact that the entire body reacts, and not
just a single part of it. The fact that the body’s response appears
in several areas offers also the possibility to work therapeutically
starting from different areas; it happens, for example, that con-
tact dermatitis heals thanks to an acarus allergy vaccine. Why?
The immunologic therapy is educating the entire system (and
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Table 8.2 Glicemic index and Glycemic load in different foods

Foodstuff Glycemic index

Croissant 67 57
Water crackers 78 25
Soft drink with orange juice and sugar 68 250
White bread 70 30
White bread, gluten free 71 30
Corn flakes 77 30
Fresh apple 44 120
Fructose 19 10
Saccharose 68 10

Portion (G)

Carbohydrate per portion Glycemic load per portion

26 17
18 14
34 23
14 10
15 11
25 20
13 6
10 2
10 7

not only the respiratory apparatus) to respond better to the
provocation. The reason is that the system “thinks” in global
terms, and it is in those terms that, as eminent researchers like
Polly Matzinger and David Napier claim, one need to reconsider
completely the allergic response. Let’s think, for example, about
the fact that the liver (usually not considered an allergy affected
organ, unlike the nose, eyes, lungs) is the organ with the highest
number of mast cells and with the maximum number of connec-
tions to the nervous system and is one of the greater producers
of IL6 that, as we will see, represents one of the fattening signals
induced by food. Until now nobody spoke about a real allergy of
the liver, but some researchers began to point out the importance
of the allergic reaction to explain the chronic inflammation of
the liver.

Perhaps in the near future one can consider chronic hepa-
titis or cirrhosis as possible manifestations of allergic reaction.
Today the interaction between chronic inflammatory statuses
and allergy phenomena is getting more noted and studied. The
disorder of the system represented by the presence of a per-
sisting inflammation, even limited, can create the conditions for
the development of some pathologies and mostly can contribute
to their maintenance, or severely interfere with their healing.
Regarding cellulite and fattening we are realizing that the type of
nutritional choices, often independent of the quantity of calories
eaten, causes the inflammatory responses that maintain the lip-
odystrophy and induce the adipose deposit even in presence of a
low-calorie diet.

Food-Delayed Allergies: Signal of Adipose Build-Up
After some years of debate, of improper use and criticism, the
phenomenon of food-delayed allergies, as per Sampson’s defini-
tion since 2003 (food intolerances), has begun a path of greater
scientific recognition. Food intolerances represent one of the most
important defence mechanisms of the body and are involved in
the management of food inflammation, in regulating hypotha-
lamic signals and in fattening as well as in the induction of several
degenerative pathologies. Thus a properly followed food intol-
erance diet, respectful of some nutritional principles, can help
many persons who suffer from food-delayed allergies to find their
own form and to lose weight, checking also the stimuli action to
lipodystrophy.

Food intolerances spark in the body an inflammatory process
that causes fattening and activates a danger signal for the whole
system.
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Storing fat (usually in the wrong areas) is everyone’s correct
response to a possible “low-grade” inflammation like the typical
one of food intolerances or of chronic infective phenomenon or
other immune-flogistic phenomena, events that the body inter-
prets as a continuing in the time signal of danger and that cause
insulin resistance and fat build-up in the adipocytes. The aim of a
diet controlling food intolerances is cancelling the inflammatory
aspect, eliminating the danger signal produced by the system and
sending metabolism activation signals instead.

A nutritional plan that controls the existing allergies repre-
sents a powerful signal diet [65,66], that allows weight loss pre-
cisely in the areas in which the fat has been built-up wrongly and
helps metabolism reactivation, restoring the proper sensitivity to
insulin. The lipodystrophy control according to an individualized
criterion needs to pass along this way.

In 2007 an important work by Solt explained that the
presenceoflnterleukine 1 (IL1) oneofthetypicalcytokinesproduced
by the body during an allergic or inflammatory reaction, induced
the NF-kB activation, provoking therefore a fat build-up in
response to this danger signal, clearly to store in hope of better
times. Evidently signals in the body are more powerful than
calories.

Since 2007 Zeyda as well has highlighted that a low-intensity
inflammatory stimulus, as the one of food intolerances, causes the
activation of special white blood cells (macrophages) in fat tissue
that lead to insulin-resistance induction and thus fattening [67].
Fattening caused by food intolerances (insulin resistance produced
by IL1, IL6, TNF alfa) refers to the importance of IL6 produced by
the liver as response to the inflammatory stimulus coming from
the portal circulation related to the use of non-tolerated food. Also
the liver participates in the immune-flogistic feedback causing
the “defensive” response of fattening in the presence of a diet that
repeatedly uses non-tolerated food.

Obviously an acute and violent allergic stimulus can cause
malabsorption, but when the stimulus is extended in time and by
low intensity, it becomes an important danger signal and the body
reacts in a useful way, as it has since Palaeolithic times. It lowers
the metabolism and increases the transformation of energy in fat,
to defend itself from possible future famines.

In women (and also in men) followed until now with a food
intolerances control diet and with the respect to adipokines pro-
duction, the component that most characterized loss of weight has
been the power of losing especially the fat mass instead of muscle
mass or water.
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In order to follow a food intolerances control diet one needs to
have some available results from a food intolerances study test, to
explain them on the basis of the “five large food groups theory,”
thus avoiding highlighting insignificant reactions (for example) to
the cola nut or the mandarin, but enhances ones really important
for the recovery of the dietetic tolerance of the average European,
so: milk and milk products; wheat and cereals; yeast and fer-
mented substances: nickel and hydrogenated vegetal fats; natural
salicylates.

The test we prefer to use for our evaluations is the ALCAT test,
but even other cell tests with special characteristics can be useful,
also combined, if necessary, with assessments of generic type to
clarify the hypersensitivity diagnosis. In direct contact with the
person who wants to lose weight one explains the diet instruc-
tions and the nutritional planning that are useful to every single
case [68].

The diet needs always to be a rotation diet and never an exclu-
sion diet (it can produce opposite effects) and always with the
purpose of the immunologic tolerance recovery on the basis
of a correction of the food intolerances, allowing three to five
diet-free meals per week, to help the recovery of the tolerance
and make the path for getting over their own form of intoler-
ance a joy. The diet needs always to be integrated with some
nutritional rules as the prolonged mastication, that activates
the fat melting and helps allergy control, starting every meal
with a piece of raw fruit or vegetable (“raw, alive and colored”
substances), a technique that speeds up the food intolerance
and allergies control, allowing the tolerance recovery towards
all types of food.

SUPPLEMENTATION

Dietary Supplementation and Cellulite

An important “cosmeceutic” action led by dietary supplements
helps the topic treatment of cellulite. You need however to
remember that “cellulite” is a pathology, and thus the effects of
the cosmeceutic treatments both topical and systemic ones can
operate and moderately relieve the conditions of skin alteration
typical of the cellulite: orange peel skin, lumps, pain in palpating,
color of the complexion.

Of course it is necessary to operate in a coordinated in-out way
to get significant results in the struggle against cellulite, together
with nutritional supplementation, the subjects undergo a regu-
lation of their lifestyle, eliminating sedentariness, smoking and
incorrect food.

The dietary supplements intake needs to follow some “phar-
macologic” rules to be effective, but these rules are often ignored
or underestimated. Every substance’s systemic intake (in the case
of supplements by mouth) is assumed to be given in the proper
manner and quantity, and moreover “timed” to get the right
bioavailability to develop its function in the organismic area
where you want it to operate, in this case in the sub-derma of the
glutei-femoral zone. The cellulite, with regards to its “pathologic”
degree is characterized by a modified micro-vascular system
and an adipoicitary fibro-occlusion one that obstructs the ideal
bioavailability at cellular level. This is the reason that III and IV
degree cellulite can react less positively to the in-out cosmeceutic
treatment. Regarding this new opportunity to treat cellulite by
a systemic intervention, today cosmetic houses suggest new

associations of topicals and supplements, that generally contain
botanic origin substances, that can drain liquids, eliminate stag-
nation toxins, modulate positively the capillary tonicity, stimulate
the microcirculation, operate a special lipolysis, prevent and lower
the inflammatory processes mediated by free radicals and firm up
and tone up the skin [68,70,71].

Bioflavonoides

Among the important substances that can be used in “anti-
cellulite” supplements there are bioflavonoides that can help
the modified microcirculation in a substantial way. The vegetal
extracts mostly used are ginkgo, black bilberry, grape, centella
asiatica, pineapple and melilot derivate ones. Substances con-
tained in these vegetal extracts protect capillaries, can improve
collagen and elastin synthesis, modulate the platelet aggregation,
and lower the venous stagnation and the local edematous situa-
tion with an improvement of the peripheral circulation and of the
skin biomechanical proprieties [69].

The Hamamelis virginiana extract, used by topic or systemic
way, has an anti-inflammation and protective action against the
peri-vasal connective matrix degradation, which is the cause of
the rising of capillary permeability and of chronic inflammation
maintenance in phlebo-lymphatic stasis situations. Several studies
have demonstrated that this extract can inhibit the action of some
hormones like alpha-glucosidasis which are able to degrade the
connective [72].

Papaya (carica papaya) and pineapple (Ananas stivus, Ananas
comosus) extracts have anti-inflammation and anti-edemigen
activity. Especially bromelain extracted from the pineapple con-
tains a series of proteinase with anti-edemigen, anti-inflammatory,
anti-thrombotic, fibrinolytic and immune-modulator activity. It is
used in systemic and topic preparations [73].

Butcher’s broom (ruscus aculeatus) contains steroidal
saponins like ruscogenin and neoruscogenin with the ability to
increase the venous tone (alpha agonist activity) and reduce the
edema [74]. It is used as an extract for systemic uses or in topical
3% preparations.

Very common among the “anti-cellulite” supplements is the
othosiphon stamineus that, thanks to the presence of synaesthesia
potentiate, which aids the draining and anti-edema effect, helps a
better water turnover.

Cellulite, as above explained, can be tackled in different ways,
thus also in the dietary supplements intake you can search and
apply varied nutritional strategies. One of these is assisting a
dietetic caloric reduction using vegetal substances and extracts
which can negatively modulate carbohydrates and fats. Soluble
dietary fibers like oligosaccharides (FOS, GOS, chitosan, gluco-
mannan etc.) taken before meals can reduce fat absorption, other
ones sugars (Gymnema sylvestre, Garcinia cambogia, Phaseolus
vulgaris), thus by reducing the assumption of a specific caloric
amount per meal and modulating the insulin induction you can
obtain better results in the diet approaches.

Metabolic Activators

A third category of vegetal substances and extracts helping the
cellulite systemic treatment is composed by “metabolic activators”
like guarana (caffeine), green tea and cacao (catechine).
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Coenzyme-L and L-carnitine aminoacyd increase the lipolytic
effect of methylxantynes helping the free fatty acids’ transpor-
tation through the membranes, in particular the mitochondrial
ones, thus avoiding the level of the fatty acids concentration that
gives a negative feed-back of the lipolysis and increases ATP which
stimulates the lipase [75].

The majority of the extractshaving metabolic activator potentials
contain substances that in some way inhibit the adipocyte phos-
phodiesterase. The inhibition of this enzyme in the adipose cell
allows it to maintain high levels of cAMP that in this case
maintain protein-kinase (PCK) activity, that in turn, activates
the intra-adipocyte lypase. The intra-adipocyte lypase stimu-
lates the lypolise and so the triglycerides hydrolysis in fats and
glycerol.

Through metabolism activators we try to obtain a kind of
squeezing of the adipocytes, with an increase of circulating fatty
acids that need to be used in order to obtain a positive anti-cellu-
lite result. Consequently moderate physical exercise is a necessary
factor to obtain important results, thanks to its direct effect on the
caloric and lipidic consumption, but also to optimize the effective-
ness of the cosmeceutical treatments both systemic (supplements)
and topic.

Finally the cellulite improvement is noted also through the
improvement of cutaneous aspect of the areas with cellulite. The
complexion colour, the cutaneous elasticity and a better hydration
can be obtained by polyunsaturated fatty acids oils and mainly by
omega-3 (fish oil, borage, flax and wheat germs).

Omega-3

The fatty acids of the series omega-3 are normally present in
seafood, in certain plants and also in a number of animal prod-
ucts such as chicken, turkey and eggs. Alpha-linolenic acid is the
omega 3 fatty acid most extensively found in the vegetable world.
This fatty acid has to be transformed into EPA and DHA in order
to exercise those biological effects that we now know are essen-
tial for the correct functioning of certain organs and elements
like the brain, retina and gonads, and that are protective against
atherosclerosis and cardio-vascular disease. Alpha-lineolenic acid
can be obtained in plants in higher quantities than linoleic acid,
through a synthesis in the membrane of the chloroplasts, which
is not possible in the animal world. EPA and DHA are present in
phytoplankton and are concentrated in particular in a number of
species of fish, especially those that live in cold waters.

Omega-6

The most significant acids of the omega-6 series are linoleic acid,
gamma-linolenic acid, dihomo gamma-linolenic acid and arachi-
donic acid. The most widespread is linoleic acid which is predom-
inant in seed oils; arachidonic acid is typical of the animal world,
as itis a product of the conversion of linoleic acid; gamma-linolenic
acid is the first intermediate step in the conversion of linoleic acid
into arachidonic acid [76]; dihomo gamma-linolenic acid is dif-
ficult to find because of its high metabolic turnover of transfor-
mation into prostaglandin 1. Though the metabolic conversion of
gamma-linolenic acid is typical of the animal world, significant
quantities can also be found in several plants: Oenothera biennis,
Boragob officinalis, Ribes nigrum, Mucorjavanicus (a fungus).
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The biological role of omega-3 fatty acids

The long-chain polyunsaturated fatty acids of the omega-3 series
can have a structural and functional role, especially EPA and DHA.
DHA (22:6 omega-3) have a prevalently structural activity in the
organism. It is represented, in particular, in the phospholipids of
cerebral synaptosomes, in the retina and in the phospholipids of
the intramembranary channels of sodium. DHA seems to be par-
ticularly important in the development and maturation of:

e the brain
o the reproductive organs
o the retina

EPA performs its prevailing action as the direct precursor of the
prostaglandins of the series 3, which inhibit platelet aggregation.
There is some evidence that the consumption of omega-3 fatty
acids has important preventive and therapeutic effects.

Synthesis of the Main Action of Omega-3 Fatty Acids
The main actions of the omega-3 fatty acids (anti-atherogenetic, anti-
inflammatory, anti-thrombotic action) depend on the prevalence of
the protective factors over those causing the risk (see Fig. 8.7).

The functional activity of the omega-3 fatty acids on the cardio-
vascular system reduces:

platelet aggregation

arterial blood pressure and the vasospastic response to vaso-
constrictors, the linkage of albumin in type 1 diabetes

cardiac arrhythmia

hyperplasia of the blood vessels and hematic viscosity

It increases:

platelet survival

bleeding time

arterial vascular compliance and the function of the cardiac
beta-receptors

coronary post-ischemic flow

The Biological Role of Omega-6 Fatty Acids
The long-chain polyunsaturated fatty acids of the omega-6 series can
have either structural or functional roles. Arachidonic acid is the
one that performs, in the organism, a prevalently structural action.
It is largely found in the membrane phospholipids and is important,
when appropriately balanced with DHA, in embryo development
and in the growth and development of children (see Fig. 8.8).
From the functional point of view, arachidonic acid produces
prostaglandins of the series 2, which give rise to the formation of
mediators with pro-inflammatory activity and, partially, platelet
aggregation. DGLA produces prostaglandins of the series 1 with
anti-inflammatory action and immune-modulators.

Table 8.3 The effects of omega-3 supplementation

Consumption of omega-3 fatty acids increases:

The formation of prostaglandin PGI3

The production of Leukotrienes B5 which are much less inflammatory than
Leukotrienes B4

The production of interleukin 2 and production of EDRF (endothelial derived
relaxing factor)

Fibrinolytic activity, deformation of erythrocytes and an increase of HDL.
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Figure 8.7 Polyunsaturated fatty acid pathway.

Synthesis of the Main Actions of Omega-6 Fatty Acids

Series 1 prostaglandins derive directly from DGLA. The conversion
of DGLA into AA in humans is very slow and this testifies to the
importance of PG1 in many tissues, such as the platelets, the immune
system, the kidneys and the brain. In particular, PG1 prostaglandins
possess a number of actions that make the biological availability of
gamma-linolenic acid, and thus of DGLA, extremely important:

vasodilation and reduction of arterial pressure

inhibition of thrombosis

increase of levels of cyclic AMP

activation of the gamma lymphocytes for the prevention of
liver damage by ethanol

e inhibition of abnormal proliferation

A blockage of the conversion from linoleic to gamma-linolenic
acid causes a reduction in the synthesis of PG1. The reasons
are the same as those described for the omega-3 fatty acids, as
delta-5 desaturasis is common. When the formation of gamma-
linolenic acid is reduced, it is possible to restore production of
PG1 by administering this fatty acid directly. Arachidonic acid
produces PG2 prostaglandins directly through the action of
cyclo-oxigenasis. These have an important role in the process of
platelet aggregation for the aggregating action of thromboxane

OH

Arachidonic acid: three dimensional representation, top;
chemical structure diagram, bottom. The molecule is a
long chain of CH and CH2 units, terminated by the acid
unit (COOH). There are 20 carbons in a linear chain that
is folded as indicated in the 3-D respresentation

Figure 8.8 Stoichiometric structure of Arachidonic Acid.

o e

Linoleic acid Alpha-linolenic
(C 18:2) acid (C 18:3)
l A 6-Desaturase l
Gamma-linolenic .
acid (C 18:3) C 184
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Dihomogamma
linolenic acid C 20:4
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Arachidonic acid Eicosapentaenoic
(C 20:4) acid (C 20:5)
l Elongase l
C22:4 C 225
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acid (C 22:6)

Al (TXA2) and prostacyclin 12 (PGI2) with its anti-aggregating
action. The leukotrienes are also formed from arachidonic
acid through the activity of 5-lipooxigenase. These substances
perform a bronco-constricting action and have characteristics
similar to those that are triggered during the anaphylactic pro-
cess, particularly SRSA (Slow Reacting Substance of Anaphy-
laxis). In inflammatory processes there are high levels of free
arachidonic acid and prostaglandins of the series 2. PG1 with
hydroxy acid that is formed from DGLA and vitamin E perform a
prevalently anti-inflammatory action. In line with what has been
said about the main families of polyunsaturated fatty acids, the
exogenous (dietetic) and endogenous (metabolic and hormonal)
conditioning factors need to be considered very carefully, espe-
cially when the lipid supplementation concerns persons under
conditions of severe metabolic stress [28,29,32].

Omega-3 Integration

As concerns omega-3 and cellulite therapy, their integration may
be a great way to reduce the inflammatory state of subcutaneous
fatty tissue and at the same time bring an overall improvement of
body conditions.

Table 8.4 The effects of a diet poor in omega-3 fatty acids

Poor omega-3 intake increase:

production of arachidonic acid

platelet aggregation and the formation of thromboxane

macrophage function

formation of type 4 leukotrienes

the production of PAF (platelet activating factor)

production of interleukin 1; production of PDGF (platelet derived growth
factor);

an increase in LDL, VLDL, triglycerides, fibrinogen and hematic viscosity.
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The omega-3 is a powerful anti-inflammatory and can work on
several levels, for example, it can cancel the transcription activity
of nucleus like NFkappaB, or can reduce cytokines production
like TNF-o (even if some researchers don’t agree on this particle)
and IL-1P [77].

Besides this omega-3 inhibits IL-6 which is a molecule involved
in the inflammatory state of subcutaneous fatty tissue [78].

Supplementation of omega-3 in obese women during weight
loss increases the postprandial surfeit sense and this is very impor-
tant in compliance with the dietary process [79].

As concerns supplementation the recommended dose is 2.5 g
per day - considering that 0.5 is the daily quantity taken with
food. This value can be considered nominal as it's not valid for
every subject.

In fact, in some inflammation cases with a high degree of inten-
sity we can think to increase omega-3 quantity as well as decrease
it in case of healthy weight women with a slender build (e.g. h
162 cm 48 kg). Omega-3 optimum intake can be evaluated by the
fatty acids composition of blood; obtaining an AA/EPA ratio we
can understand the inflammatory state of the patient. Omega-3
ideal result value is near three. Today the massive quantity of
omega-3 supplements disarms both patient and doctor who has
to prescribe them; in general molecular distillation, EPA and
DPA quantity and fatty acids oxidation are good parameters for
omega-3 evaluation.

Vitamin C

As concerns cellulite, considering all the assumptions which assert
that it is related to an inflammatory state and also to adipose tissue
storage level, may result in a very interesting correlation between
vitamin C and fat tissue. It has been proved that vitamin C helps
to reduce both inflammation and adipose tissue [80].

On asystem level vitamin C facilitates iron absorption, chelating
it or maintaining its level low (Fe 2+).

This effect can be achieved only if food contains vitamin C but
the same meal could also contain iron absorption inhibitors such
as phytates and pholiphenols [81-83].

Due to a major iron need during the menstrual period we can
assume that an implementation of vitamin C in the woman can
be useful both in inflammatory and overweight case that results
in cellulite.

Besides that the association between bioflavionoidis and
vitamin C is fundamental as in nature it has its better results in
synergy with these phytocomplexes together with a good measure
of vitamin E which helps to gain a great antioxidizing cover that
reduces cell tissue lipoperoxidation and keeps inflammation pro-
cesses under control.

Glycine Propionyl-L-Carnitine

Dietary supplementation with the naturally occurring nutrient
L-carnitine has been extensively studied as an aid to improve fatty
acid metabolism and aerobic exercise capacity, to provide antioxi-
dant benefits, and to enhance blood flow to active tissues.

While multiple forms of carnitine have been the focus of
ongoing scientific study over the past several decades, and several
are currently available for retail sale, propionyl-L-carnitine (PLC)
has been shown to provide an optimal vasodilatory effect to blood
vessels, and to support healthy heart and skeletal muscle function.
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Those affected by cellulite can benefit from use of GPLC to
improve pathological conditions.

GPLC has significant effects on the organism and its integration
as concerns subjects who practice sport, can fix the levels of acyl
camitine in the muscle tissue and this brings fatty acids to optimi-
zation by mitochondria which can be very useful in a weight loss
process accompanied by physical activity [84].

Carnitine is critical for the transport of activated long-chain fatty
acids into the mitochondria of the cell. Increased fatty acid metab-
olism would result in the increased “burning” of fat as an energy
source, leading to improvements in blood triglycerides, body fat, and
energy levels. This is particularly true for individuals who may have
problems in these specific areas, like women with cellulite disease.

GPLC stimulates blood flow in active muscles on a circulatory
level and this is probably caused by the production of nitric oxide
which acts in blood vessel dilation, allowing for enhanced blood
flow. This flow augmentation brings about a decrease of the lipid
oxydase [84].

This is of particular importance for individuals with compro-
mised blood flow due to cardiovascular disease, as well as for ath-
letes seeking to enhance blood flow to aid oxygen and nutrient
delivery to working skeletal muscles during and following acute
bouts of exercise, and also for the woman who wants to improve
the cardiovascular flux in the adipose tissue [84].

Conclusion

As has already been described broadly, cellulite derives from
genetic causes, but at the same time there are many environmental
factors that let this pathology develop.

Actual studies show that the subcutaneous adipose tissue can
not only increase in volume, break the optimal connection with
the connective tissue and suffer an edema status, but it is also a
tissue able to become inflamed and therefore subject to all those
phenomena related to the irritation.

Nowadays the adipose tissue is called adipose organ, since it
not only stores triglycerides, but it is also able to communicate
with the outside through hormones and cytokines.

Recent studies have shown for instance that 1/3 of the IL-6 cir-
culating comes from the adipose tissue, therefore the level is pro-
portional to the quantity of available adipose tissue [6].

To plan a good medical therapy with the purpose of improving
the pathological condition of the cellulite, means to act on dif-
ferent factors.

Of course the first important step that the patient should
accomplish is a right diet.

Until a few years ago, but in some cases still nowadays, it was
thought that a correct diet should be a low-calorie diet, and the
primary goal was not a status of optimal health, but there was a
disposition to create a caloric disequilibrium able to “to dry up”
triglycerides from the adipose tissue.

Nowadays it is seen that in the majority of cases all this led up
to a yo-yo effect, that subsequently damages the connective tissue,
and at the same time it doesn't change the inflammatory state of
the subcutaneous adipose tissue.

An evident example of this behavior is the use, by women who
want to become thin, of crackers made of rice, a kind of food
accounted as light, but at the same time with a very high glycemic
index, therefore not able to manage the inflammation.
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Table 8.5 Nutrition Tips

The goals of right nutrition are:

To introduce the subject to a correct diet, able to be maintained through the years
To choose food able to manage the inflammation

To manage the carbohydrates according to the glycemic index and to the load
To have 5 meals a day to better manage the insulin feedback

To introduce the right protein amount to avoid loss of thin mass

To daily introduce more vegetables and fruits

To introduce monounsaturated fat as olive oil, almonds, green olives, walnuts

Following a good diet means also managing to the best all the
cases of malabsorption or intolerance, that attentively have to be
monitored in the management of the diet of the patient.

The following step is to see if the subject needs integration and
since the first factor to deal with is the inflammation, the integra-
tion with omega-3 is the first therapy to plan.

Afterwards we will consider an integration with bioflavonoides,
the vitamin C and the glycine propionil-L-carnitine, according to
the case, and to the needs of the patient.

In conclusion as it regards cellulite the medical therapy is
behavioral to 70%, and integrative to 30 %.

With this we want to insist on the fact that to fight cellulite, as
with any other chronic illness, we need to act on environmental
factors such as the sedentary job, stress, physical activity, an appro-
priate diet, and then, on the integration that lately has been very
important, since pollution and extreme urbanization are leading
to food impoverishment and to a great presence of detrimental
substances in all the things that we breathe or eat.
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O  Topical Management of Cellulite

Doris Hexsel, Débora Zechmeister do Prado, and Mitchel P Goldman

Introduction

Cellulite is the unsightly skin dimpling that is frequently found
on the thighs and buttocks of women. Approximately 85% of
post-adolescent women have some degree of cellulite [1-3]. Many
allegedly successful cosmetic and medical treatments show little
effect in improving cellulite, and none have been shown to lead to
its complete disappearance.

This chapter describes the role of topical agents to reduce the
appearance of cellulite. Also, the effect of supplementary aids, such
as occlusive garments, will be addressed. As the various therapies
are presented, there will be a focus on how the therapy addresses
current concepts of the origin and nature of cellulite.

Definition and Nature of Cellulite

The term “cellulite” is used in modern times to describe the dim-
pled or puckered skin of the posterior and lateral thighs and but-
tocks seen in many trim and overweight women. The appearance
is often described to resemble the surface of an orange peel or that
of cottage cheese. The condition is best described by Goldman as
a normal physiologic state in post-adolescent women which maxi-
mizes adipose retention to ensure adequate caloric availability for
pregnancy and lactation [4]. Adipose tissue is also essential for
nutrition, energy, support, protection, and thermal insulation [5].

At the histological level, cellulite is the result of localized adi-
pose deposits and edema within the subcutaneous tissue. In
women, fascial bands of connective tissue are oriented longitudi-
nally and extend from the dermis to the deep fascia. These bands
form fibrous septa which segregate fat into channels resembling
a down quilt or mattress, and the subcutaneous fat is projected
superficially into the reticular and papillary dermis. As the fat
layer expands, the perpendicular connective tissue remains fixed
and anchored to the underlying tissue, creating a superficial puck-
ered appearance of the skin [5-8]. Fatty acids are then believed to
be modified through peroxidation by free radicals. These events
are thought to contribute to the worsening of local microcircula-
tion by disrupting venous and lymphatic drainage.

This skin phenomena is rarely found in men as the connective
tissue in males is not normally arranged vertically, but rather in
a criss-crossing pattern that is gender-typical for the skin of the
thighs and buttocks [5,7].

Pathophysiologic Mechanisms of Cellulite

Hormones, specifically estrogens and androgens, are thought to
influence the formation of cellulite. Estrogen is known to stimu-
late lipogenesis and inhibit lipolysis, resulting in adipocyte hyper-
trophy [9]. This may explain the onset of cellulite at puberty, the
condition being more prevalent in females, and the exacerbation
of cellulite with pregnancy, nursing, menstruation and estrogen
therapy (oral contraceptive use and hormone replacement) [9].
The opposite seems true for men. From the limited number of
studies involving men, it is hypothesized that the combination

of gender-specific soft tissue histology at the cellulite-prone
anatomic sites, with a relatively lower circulating estrogen level,
may be responsible for the lower incidence of cellulite in males
[10,11]. Although not proven, it is possible that circulating andro-
gens may have an inhibitory effect on cellulite development by
contributing to a different pattern of adipose tissue storage
(that is, more truncal than on the buttocks and thighs).

Adipose tissue is vascular, leading to the theory that cellulite
may worsen in predisposed areas where circulation and lym-
phatic drainage have been decreased, possibly due to local injury
or inflammation. In response to impairment of microvascular cir-
culation, there is increased microedema within the subcutaneous
fat layer, causing further stress on surrounding connective tissue
fibers and accentuation of skin irregularities [2,4]. Many of the
currently accepted cellulite therapies target deficiencies in lym-
phatic drainage and microvascular circulation. The lipids within
adipocytes are derived from plasma-circulating lipoproteins. In a
dynamic process, the stored fat is hydrolyzed and eliminated again
to the plasma as free fatty acids and glycerol. Various enzymes,
including insulin and cyclic AMP participate in this process. In
particular, triglyceride lipase is very important in the promotion
of lipolysis. This enzyme is activated by adenylyl cyclase stimu-
lation by means of an antagonist effect. This inhibitory process
causes triacylglycerol hydrolysis and releases free fatty acids and
glycerol into the interstitial space and plasma.

The surface of adipocytes have receptors that promote the
storage of fat and lipogenesis, such as neuropeptide Y and pep-
tide YY. Conversely, other surface receptors promote the elimina-
tion of fat and lipolysis, such as p1 and 2. Manipulation of these
surface enzymes by topical medications is a new mechanism by
which to control cellulite development.

Topical Management

When using topical treatments to reduce the appearance of
cellulite, the concentration and pharmacokinetics of the active
ingredients must be considered, as well as the nature of the vehicle.
Vehicles can be in the form of gels, ointments, foams, creams and
lotions, all of which aim to efficiently deliver active product to the
skin layers and subcutaneous tissue. Factors that affect the clinical
response to treatment are: 1) the interaction of the drug with the
vehicle and the skin, 2) the method which the drug is applied,
and 3) other biological and environmental factors [12-14]. Per-
cutaneous absorption is a complex biological process, as skin
is a multilayered biomembrane [15]. The main barrier to drug
penetration is the stratum corneum, the cornified outermost layer
of the epidermis.

Topical drugs may use two diffusion routes to penetrate normal
intact skin: the appendageal route, that comprises transport via the
sweat glands and the hair follicles, and the transepidermal route in
which molecules cross the intact horny layer. The transepidermal
route is composed by 2 micro-routes of entry, the transcellular
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(or intracellular) and the intercellular. The principal pathway taken
by a drug is decided mainly by the partition coefficient (log K).
Hydrophilic drugs partition preferentially into the intracellular
domains, whereas lipophilic agents traverse the stratum corneum
via the intercellular route. Most molecules pass the stratum
corneum by both routes. However, the intercellular pathway is
widely considered to provide the principal route and major bar-
rier to the permeation of most drugs [16].

Formulations for topical use may include drug delivery sys-
tems or “skin enhancers”, which significantly increase cutaneous
penetration when included in the formulation. Skin enhancers
can be chemical and physical promoters and also trandermal
and vesicular systems. Chemical promoters such as common
solvents (water, alcohol, methyl alkyl sulphoxide) or surfactants,
causes modifications in the lipid bilayer structure and alteration
of the vehicle/skin partitioning coefficient. Physical promoters
such as massage, eletroporation, phonophoresis and iontopho-
resis are useful for ionic molecules, large molecular weight actives
and substances with low potency. Transdermal systems have the
ability to facilitate the administration of the exact dosage of active
drugs in the site of action. Transdermal patchs tested in vitro
showed adequated absorption of caffeine, theobromine and pau-
linea cupeana extract [17]. Skin enhancers may also be vesicular
systems or colloidal carriers, such as liposomes, nanoemulsions,
and solid-lipid nanoparticles, which, when attached to the active
drug, increase their lipid solubility. Multivesicular emulsion sys-
temsinvolve the creation ofa2-phase, oil-in-water emulsion system
that produces concentric multilamellar spheres of oil and water.
By this novel percutaneous delivery system, active ingredients
can be controlled-released from their respective layers upon
application to the skin [18].

Topical anti-cellulite preparations can be divided into four
major groups according to their proposed mechanism of action
(See Table 9.1).

1. Agents that increase microvascular flow
This includes most of the active ingredients in cellulite treat-
ments. They are included to increase microvascular flow and
lymphatic drainage, which is thought to play a role in cellu-
lite pathogenesis.

2. Agents that reduce lipogenesis and promote lipolysis
With the goal of reducing the size and volume of adipo-
cytes, decreased tension on surrounding connective tissue is
thought to decrease the clinical appearance of puckering.

3. Agents that restore the normal structure of the dermal and
subcutaneous tissue
By thickening the dermis or preventing fat herniation
into superficial tissue, the appearance of cellulite may be
reduced.

4. Agents that prevent or destroy free-radical formation
It is believed that free radicals modify free fatty acids
by peroxidation, contributing to the availability of lipids
for cellulite formation. Free radicals may also damage
elements of the microcirculation further assisting cellulite
development.

The following discussion summarizes the current knowledge
of individual and combination topical therapies used to reduce
cellulite.

Table 9.1 Topical therapies for cellulite, based on proposed
mechanism of action

Agents that increase microvascular flow

Ivy

Indian or horse chestnut (Aesculus hippocastanum)

Ginkgo biloba

Rutin

Pentoxyphilline

Butcher’s broom (Ruscus aculeatus)

Asiatic centella

Silicum

Chofitol or artichoke (Cynara scolimus)

Common ivy (Hedera helix)

Ground ivy (Glechoma hederaceae)

Sweet clover (Melilotus officinalis)

Red grapes (Vitis vinifera)

Papaya (Carica papaya)

Pineapple (Ananas sativus, Ananas comosus)

Agents that reduce lipogenesis and promote lipolysis

Methylxanthines (theobromine, caffeine, aminophylline, theophylline)

Beta-adrenergic agonists (isoproterenol, adrenaline)

Alpha-adrenergic antagonists (yohimbine, piperoxan, phentolamine,
dihydroergotamine)

Agents that restore the normal structure of the dermal and
subcutaneous tissue

Retinol (vitamin A)

Ascorbic Acid (vitamin C)

Bladderwrack (Fuccus vesiculosus)

Agents that prevent or destroy free-radical formation
Alpha-tocopherol (vitamin E)

Ascorbic Acid (vitamin C)

Ginkgo biloba

Red grapes (Vitis vinifera)

Agents that Increase Microvascular Flow

Drugs which act on the microcirculation of the skin include the
ivy and Indian chestnut vegetable extracts, which are rich in
saponines, ginkgo biloba and rutin, which contain bioflavonoids.
These compounds decrease capillary hyperpermeability and
increase venous tone by stimulation of proline hydroxylase and
inhibition of prostaglandin E, (PGE,). These agents also decrease
platelet aggregation, thereby inhibiting microthrombus forma-
tion. Studies using oscillometry, Duplex ultrasound, hemody-
namic methods and capillaroscopy have demonstrated that ginkgo
biloba extract is anti-edematous and improves venous return and
arterial circulation [19,20]. This is accomplished by decreasing
capillary hyperpermeability, and is employed as an active agent in
many topical anti-cellulite formulations.

Ginkgo biloba is a member of the Ginkgoaceae family. The leaf
extracts contain substances such as flavonoids (quercetin, camph-
erol epicathecol derivates, etc.), biflavons (ginkgetin) and terpenes
(ginkgolide B) among others [21]. Ginkgo biloba is used in the treat-
ment of cellulite due to its several effects on peripheral circulation,
such as reducing blood viscosity. The terpenes, especially ginkgolide
B, inhibit the platelet-activating factor. They increase red blood cell
deformability, diminish vascular permeability and improve vascular
wall tone. These actions improve microcirculation.

The methylxanthine pentoxyphyllineimproves microcirculatory
perfusion through its effect on hematological factors such as
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erythrocyte shape, platelet aggregation, and plasma fibrinogen
concentration. It also has immunomodulatory activity. It has been
utilized for peripheral vascular disease treatment with signifi-
cant benefit. For the treatment of cellulite [22], it has been used
transdermally together with other drugs, making its evaluation
difficult.

Butcher’s Broom (Ruscus aculeatus) is a potent venous vaso-
constrictor and has the ability to diminish edema. It acts as an
alpha-adrenergic receptor agonist of the smooth muscle of veins
and therefore reduces vascular permeability. The main active
ingredients are saponins, ruscogenin and neororuscogenina [23].

Asiatic centella extract both topically and systemically has
been used for treating cellulite, demonstrating an effect on the
microcirculation through capillaroscopy in patients with chronic
venous insufficiency who were treated for venous ulcers [24].
Consisting of 40% asiaticosideo, 30% madecassic acid and 30%
asiatic acid, topical and systemic asiatic centella has been shown
to be harmless by toxicity tests. The compound also acts in vitro
on fibroblasts, stimulating collagen and mucopolysaccharide syn-
thesis. Asiatic centella also acts as an anti-inflammatory agent,
which may be beneficial in protecting dermal and subcutaneous
structures from inflammatory cell injury [21].

Silicum is a structural element of connective tissue which regu-
lates and normalizes cellular metabolism and cellular division. In
the microcirculation, it modifies venous capillary and lymphatic
permeability and, in the fatty tissue it stimulates cCAMP synthesis
as well as triglyceride hydrolysis, likely activating adenyl cyclase
in the cellular membrane [25].

Chofitol or artichoke (Cynara scolimus) is a member of
Arteraceae family. Its principal active chemical constituents are
numerous enzymes, cynarin, ascorbic acid, caffeoylquinic acid
derivates and flavonoids. It has an anti-edema and diuretic effect,
as well as a stimulating effect on the circulation [21].

Common ivy (Hedera helix) is a phytomedicine that grows in
places with rich soil, sun or shade. The parts of the plant used are
dried leaves and stems. The leaves have flavonoids, such as rutosid
and rutinosid, and saponines, such as hederin, hederacosid and
hederagenin [21,26]. The fruits have saponines, especially hed-
erin, and the trunk has gomoresins and saponines. All saponins
improve venous and lymphatic drainage and reduce edema. One
of these compounds, hederin, also has an analgesic and anti-
inflammatory effect. It has vasoconstrictor and antiexudative pro-
prieties, and can also reduce capillary permeability. It increases
circulation, and reduces inflammation.

Ground ivy (Glechoma hederaceae) contains flavonoids, triter-
penoids and phenolic acids. It grows in moist soil in Europe, espe-
cially the Caucasus, and in North America [21].

Indian or horse chestnut (Aesculus hippocastanum) belongs to
the Hippocastanaceae family. The seeds and the shells are used
in the elaboration of the standard extract [27]. The active ingre-
dients contained in the seeds are triterpenoid saponines, such as
escin and aesculin, and flavones, coumarins, and tannins [27],
with anti-inflammatory and anti-edema properties [28]. Escin is
the principal component of horse chestnut, and it has the capacity
to reduce lysosomatic enzyme activity by up to 30%, probably by
stabilizing the cholesterol content of the lysosome membranes,
thus reducing enzyme release and capillary permeability. The
recommended concentration is 1-3%.
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Sweet clover (Melilotus officinalis) is a plant from the Fabaceae
family. The active ingredient is contained in the flowers and leaves.
One of the components of this botanical extract is coumarin,
which reduces lymphatic edema and diminishes capillary perme-
ability [29]. It is usually recommended to patients with chronic
venous insufficiency and lymphatic congestion, conditions. The
recommended concentration is 2-5% [29].

Red grapes (Vitis vinifera) have procianidins that increase the
permeability of lymphatic and micro-arterial vessels [29]. In topical
products, the essential oil is used at a concentration of 2-7% [29].

The fruits and leaves of papaya (Carica papaya) and pineapple
(Ananas sativus, Ananas comosus) have anti-inflammatory and
anti-edema effects [30]. They contain the proteolytic enzymes
papain and bromelain, respectively. These plants are originally
from tropical America and were introduced to southern Florida.
The recommended concentration is 2-5%.

Extracts from the fruits and leaves of pineapple (Ananas sativus,
Ananas comosus) also stimulate lymphatic flow [31].

Two well known Brazillian plants, catuba (Meliaceae) and
marapuama (Olacaceae) contain the bioflavonoid, rutin and tan-
nins, saponins, alkaloids, behenic acid, and aromatic oils lupeol
and flavalignans. It is believed that the synergistic effect acts as
an antioxidant and stimulates the microcirculation to reduce the
appearance of cellulite [32-37]. Forty-three women with mod-
erate cellulite used this product for 60 days. There was a statisti-
cally significant reduction in waist, abdomen, upper thigh and leg
circumference but not lower or medial thigh [38].

Agents that Reduce Lipogenesis and Promote Lipolysis

Drugs that have a lipolytic effect on adipose tissue include the
methylxanthines (theobromine, caffeine, aminophylline and theo-
phylline). These act through phosphodiesterase inhibition and are
the most common active ingredients in commercial anti-cellulite
formulations [39]. The most useful and safest methylxanthine is
caffeine, normally used at a concentration of 1-2%. It offers good
skin penetration, and is therefore rapidly absorbed with rapid
action. Caffeine acts directly on adipocytes, promoting lipolysis,
through the inhibition of phosphodiesterase by augmentation of
cyclic adenosine monophosphate (cAMP) [40]. Methylxanthines
all activate the enzyme triglyceride lipase and transform triglyc-
erides into free acids and glycerol. Caffeine also has a stimulating
effect on the cutaneous microcirculation. Table 9.1 lists botanical
sources of methylxanthines, extracts of which are very common
in anti-cellulite agents.

Lupi et al. have published a clinical study using a 7% caffeine
solution (Elancyl® ChronoActive) on 134 women with cellulite of
which 99 completed the study [41]. Patients applied the medica-
tion for 30 days to one leg (thigh and hip) twice a day with the
other leg serving as a control. Patients thigh circumference were
measured. Patients were also evaluated with orthogonal polar-
ization spectral imaging (OPS) to evaluate functional capillary
density (FCD) that increases in proportion to the reduction in
interstitial edema, the measurement of the diameter of dermal
papilla (DPD) which decreases when edema decreases and capil-
lary diameter (CD) which also increases with reduction in edema.
There was no statistically significant difference in any of the OPS
measurements but the circumferential measurements of the thigh
showed a mean reduction of 2.1 cm in over 80% of treated patients.
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This outcome may suggest that a 30 day treatment while showing
a modest improvement in thigh diameter is not adequate to effect
a significant change in intercellular edema and microcirculation.

A histological evaluation was performed on 20 Wistar female
mice to determine the effect caffeine and siloxanetriol (a caffeine
derivative [SAC]) on fatty tissue [42]. Mice were either treated
with an emulsion or gel formulation of caffeine 4% or caffeine
4% + sodium benzoate 4% or SAC 6% for 21 days. Caffeine
emulsion caused a 17% reduction of adiposity cell diameter.
Caffeine + sodium benzoate emulsion did not produce any cell
diameter differences. The SAC emulsion reduced adipocit diam-
eter by 16% and reduced adipocit number by 32%. Thus, in the
mice adipocit model, caffeine and a caffeine derivative (SAC)
demonstrate a histologic effect on fat cell diameter and number
which may explain some of the clinically beneficial effects of
topical cellulite therapy which contain caffeine.

Beta-adrenergic agonists such as isoproterenol and adrenaline,
and alpha-adrenergic antagonists such as yohimbine, piperoxan,
phentolamine and dihydroergotamine have also shown the ability
to cause lipolysis. In vitro studies have shown that both the meth-
ylxanthines and beta-adrenergic agonists stimulate lipolysis and a
reduction in adipocyte size through an increase in cAMP inhibi-
tion of phosphodiesterase [43,44].

Greenway and Bray demonstrated a statistically significant
reduction in the anthropometric measurement of the medial
thigh by a double-blind placebo-controlled study which utilized
topical isoproterenol (a beta-adrenergic agonist), aminophylline
(a methylxanthine with phosphodiesterase inhibitory properties),
and yohimbine (an alpha-adrenergic antagonist) [45]. The reduc-
tion in thigh measurement was greatest when all active drugs were
used together, three to five times a week for four weeks’ duration.
Of the three agents used separately, the best results were obtained
by aminophylline.

The effects of methylxanthines can be enhanced by coenzyme
A and the amino acid L-carnitine [25].These agents work by
stimulating the mobilization and destruction of free fatty acids
and inducing their active transport through the membranes of
mitochondria. This is important as free fatty acids may cause
saturation of the system, leading to negative feedback of lipolysis.
Also, the mobilization and destruction process of free fatty acids
generates adenosine triphosphate (ATP), which increases lipase
activity, enhancing hydrolytic breakdown of triglycerides.

Yohimbe (Corynanth yohimbe, Pausinystalia yohimbe and
Rauwolfia serpentine) and alpha-yohimbe are alkaloid derivatives
extracted from the leaves, shell and roots of Rubiaceas and Apo-
cynaceas [21]. They are adrenergic blockers, capable of stimu-
lating the catabolism of fat, due to the presence of alkaloids that
act directly on the fat cells [21].

Agents that Restore the Normal Structure of the Dermal and
Subcutaneous Tissue

Retinol (vitamin A) and the retinoids have been evaluated for
their effectiveness in the treatment of cellulite. Topical retinoic
acid and related vitamin A derivatives have been used to stim-
ulate circulation, decrease the size of adipocytes, and increase
collagen deposition in the dermis [9,46]. Based on the capacity
of all-trans-retinoic acid (tretinoin) to promote the synthesis of
glycosaminoglycans in normal skin and increase the deposition

of collagen in the photodamaged dermis, Kligman et al. proposed
the use of topical retinol to improve cellulite [46]. The premise
for its use in cellulite treatment is to increase the thickness and
firmness of the dermis, minimizing the herniation of superficial
fat. Retinol was proposed instead of tretinoin due to its better
tolerability and evidence that retinol is metabolized to retinoic acid
in the skin. In Kligman’s study, 19 patients completed a study of
retinol 0.3% versus placebo applied to opposite lateral thighs twice
daily for six months duration. Twelve of the 19 patients demon-
strated greater clinical improvement on the actively treated side by
clinical evaluation and laser Doppler velocimetry.

Pierard-Franchimont et al. demonstrated that topical retinol
treatment may improve the tensile properties of skin in a ben-
eficial way for cellulite [47]. In a randomized, placebo-controlled
study combining retinol with gentle massage, skin elasticity was
increased by 10.7% while viscosity was decreased by 15.8% at
retinol-treated sites. The main retinol-related change consisted
of a two- to five-fold increase in the number of factor XIIla+
dendrocytes both in the dermis and fibrous strands of the hypo-
dermis. This indicates increased skin firmness and smoothened
appearance of the surface. In addition, vitamin C may help by sta-
bilizing collagen and/or stimulating collagen deposition [3,4,9].

Bladderwrack (Fuccus vesiculosus) is a brown marine algae
that contains sulfated polysaccharides, iodine compounds and
alginic acid. It is reported to produce contraction of the dermal
connective tissue through the increased expression of integrin
molecules [21]. Increased dermal density is the likely mechanism
by which this agent improves cellulite. It also has a stimulating
effect on vascular flow.

Agents that Prevent or Destroy Free-Radical Formation
Vitamins such as ascorbic acid and vitamin E may work as anti-
oxidants, protecting dermal and subcutaneous cell membranes
from free radical toxicity. This in turn may prevent and allow
for repair of fat herniation. Also, certain vitamins may improve
microcirculation.

Ginkgo biloba also has flavonoids which act as antioxidant and
anti-inflammatory agents [21].

Red grapes (Vitis vinifera) are rich in tannins, that are antioxi-
dants that diminish lipid peroxidation [29].

Combination Agents

Most topical cellulite therapy consists of agents that contain mul-
tiple active ingredients. In addition to providing different mech-
anisms of action directed to the same goal of reducing cellulite,
the different constituents may work synergistically to yield results
better than each component alone. Unfortunately, there are very
few good studies in the literature that document the use of these
combination products.

Bertin et al. performed a double-blind evaluation of an anti-
cellulite product, and showed it to be more effective than placebo
in reducing cellulite [48]. This product combines retinol with
a microencapsulated time release mechanism to treat cellulite.
The compound also contains caffeine to stimulate the lipolysis
and prevent fat accumulation, esculoside to improve local micro-
circulation, asiatic centella as an anti-inflammatory, and L-carnitine
to stimulate free fatty acid transport and breakdown. Efficacy
parameters included cellulite appearance before and after treatment,
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histology, cutaneous flowmetry and skin mechanical characteris-
tics. As mentioned, retinol has been shown to increase dermal thick-
ness. The product also contains ruscogenine, which inhibits elastase
activity, allowing recovery of extracellular matrix integrity that con-
tributes to thickening of the dermis and masking of cellulite.

In a multicenter, randomized, placebo-control trial testing
a combination anti-cellulite cream, subjects applied cream on a
nightly basis with occlusion on one posterolateral thigh. Overall,
62% (21/34) noticed an improvement in their cellulite, with 62%
(13/21) reporting greater improvement in the thigh that received
active product. The average measured decrease in thigh circumfer-
ence was 1.9 cm (range: 0.1 — 4.5) with active product, and 1.3 cm
(range: 0.1 - 3.0) with placebo. Upon review of the pre- and post-
study photographs, dermatologist evaluators found thighs treated
with active product to show greater improvement than thighs
treated with placebo in 68% of subjects. This product contained
several active ingredients, including caffeine, green tea extract,
black pepper seed extract, citrus extract, ginger root extract,
cinnamon bark extract and capsicum annum resin [49].

A novel agent named Bio-actif consists of a compound con-
taining neuropeptide Y and peptide YY [50]. These agents are
known to participate in the metabolism of fat with lipogenic
effects on adipocytes. Bio-actif is a topical gel of these neuropep-
tides, combined with green tea, ivy, aloe vera, wheat protein and
other agents, and was shown to decrease fat herniation respon-
sible for the appearance of cellulite.

External Aids to Topical Therapy

Supplemental techniques such as massage and warmth have been
shown to assist in topical medication delivery into the skin and
further reduce the appearance of cellulite [47]. Goldman describes
the use of a synthetic bioceramic-coated neoprene garment to
stimulate lymphatic and vascular flow that assisted to improve
cellulite [51]. This is depicted in Fig. 9.1.

A double-blinded randomized placebo-controlled trial examined
the effect of this same garment for the treatment of cellulite [52].
In this study, 17 subjects were evaluated for cellulite reduction
using an anti-cellulite cream and occlusive garment on only one
thigh. Four weeks later, 76% of subjects noticed an improvement
in their cellulite, with 54% reporting greater improvement in the
thigh that received garment occlusion. Average thigh circumfer-
ence reduction was 1.3 cm in the occluded thigh, and 1.1 cm in the
non-occluded thigh. Dermatologist evaluators found an overall
improvement in cellulite in 65% of treated legs with occlusion and
59% of treated legs without occlusion. Furthermore, the evaluators
found the occluded thighs to show greater improvement than the
non-occluded thighs in 65% of subjects. This study demonstrated
that although modest, occlusion by compression garments is ben-
eficial in assisting topical agents to improve cellulite. In addition to
potentiating topical drug delivery through occlusion, the warmth
created by the garment likely improves microcirculation, which
may be an etiological factor in cellulite development.

Adverse Events

Physicians need to be informed about the great range in efficacy
among purported treatments for cellulite, if for no other reason
than to avoid untested products. Sainio et al. investigated 32
anti-cellulite products, mostly botanicals and emollients, each
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Figure 9.1 Bioceramic-coated neoprene shorts, worn after topical application of
an anti-cellulite product to the posterior and lateral thighs to provide greater
penetration into the skin by occlusion.

containing an average of 22 ingredients [3]. It was found that one
fourth of the substances used have been shown to cause allergy,
including isothiazolinones and dibromoglutaronitril. This indi-
cates that despite the fact that most topical cellulite therapies are
acceptably safe to many consumers, the risk of adverse events
should be taken into account.

There are some reports in the literature of cases of hypersen-
sitivity to ginkgo contained in anti-cellulite products [3]. There
are also citings of allergic reactions in patients that used topical
products containing ivy [3]. The leaves of this plant are considered
poisonous when ingested, as they contain arsenic oxide. Hyper-
sensitivity has been reported in users of products containing
escin, the principal component of horse chestnut [53]. Cases of
contact dermatitis on the hands have been reported, resulting
from squeezing the fruit to obtain juice, which contains several
acids such as oxalic, malic, tartaric and racemic [31].

Conclusion

The multifactorial etiology and nature of cellulite makes it a
particularly difficult condition to treat. To better serve patients,
the search for a complete cure to cellulite should be avoided.
Rather, the aim of treatment should be to minimize the phys-
ical aspects of cellulite and prevent its progression by safe, cost-
effective means. Topical treatments may improve the appearance of
cellulite and represent a reasonable, affordable modality to reduce
the severity of this unwanted condition. It is also reasonable
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to speculate that many of these products may have a role as a
preventive measure. The supplemental use of external aids such
as compressive bandages or garments to combine the effects of
compression and enhanced penetration of topical agents has
shown to be useful.
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A New Member from the Golden Peel® Family

José Enrique Herndndez-Pérez, Mauricio Herndndez-Pérez, and

Enrique Herndndez-Pérez

Abstract

Treatment of cellulite constitutes a challenge for dermatologists.
We are showing good results for this condition in 30 women
after only five sessions of Golden Lift®, which is a modification of
Golden Peel Plus® (Jessners solution plus 53% resorcin and
10% glycolic acid). Assessment was made through subjective evalu-
ation, photographs, circumferencial measurements, and ultra-
sonographic evaluation. “T” Test in before and after cases showed
a statistically significant improvement: P < 0.01

Introduction

Cellulite is synonymous with edematous panniculopathy, fibro-
sclerosis and genetic lipodystrophy. It is seen especially in females
and very rarely in males. The areas most commonly affected are
the outer thighs and gluteal region [1,2]. “Orange peel aspect” of
the skin is the term most commonly used by patients to describe
cellulite. Its diagnosis is easy, but treatment is difficult and often
disappointing. A number of local and non-surgical treatments
have been used, among them caffeine, theophylline, aminophyl-
line, lactic acid, tretinoin, botanic extract mixtures, neuropeptide
Y and peptide YY, as well as bio-actif alpha and Y, either alone
or in combination, with variable results [4-6]. Cellulite does not
respond easily to body weight loss [7]. Massage and skin kneading
known as endermologie, open surgery and superficial liposuc-
tion have also been used, with uneven results [3-7]. Subcision, a
procedure popularized worldwide by Doris Hexsel, has also been
used with very good results. It is fully explained in other chapters
of this book.

The Golden Peel® Family

For many years we have been using the formulas developed by
us known as Golden Peel® [8-12]. The basic ones are composed
of 24% resorcinol (the soft one) and 53% resorcinol (the strong
one). They were used with good results in problems related to
photoaging and scars, mostly secondary to acne. The results
obtained were dependent upon resorcin concentration and the
contact time with the skin [8,10,12]. In an attempt to increase its
penetration, decreasing at the same time its skin contact time, we
made some modifications: by applying Jessner’s solution before
the strong formulation, we achieved our aim. This modality was
named Golden Peel Plus®; the last one had very nice results with
shorter application time. Used this way the penetration of the
peel reaches to the upper reticular dermis, becoming a medium-
depth chemical peel [9]. Later on we made another modifica-
tion: by adding 5% tretinoin to the strong formula, and using it
as described for the Golden Peel Plus®, we developed a formula-
tion very effective in the treatment of striae distensae (Golden
Stretch®) [12]. Finally, when instead of tretinoin we added 10%

glycolic acid to the strong formula, we have a lifting effect which
is very useful in the treatment of cellulite (Golden Lift®), as
well as in the breasts and buttocks lifting [12]. The treatment of
cellulite through the use of Golden Lift®, will be the purpose of
this chapter.

The Active Principle and Mode of Action

Resorcin, resorcinol, or m-dihydroxi-benzene is a phenol deriva-
tive possessing keratolytic properties, precipitating cutaneous pro-
teins [8].It is soluble in water, alcohol, ether, and oil, having great
affinity for oxygen, and acts as an effective reducing agent [8,9].
Resorcin is a solid colorless water-soluble agent, with a slightly
acidic reaction. It is a mild reducing agent, being obtained from
the phenyl m-disulphonic (C° H*(SO’ H)? blending with caustic
sodium. It is also obtained by distillation of natural resins—that is
the origin from its name—with potassium carbonate of pernam-
bucan Brazilian tree extracts (Pau Brazil ) [8,12].

When topically applied, it separates the stratum corneum and
the most superficial layers of the epidermis from the deeper ones;
such a split seems to occur in the stratum granulosum [9]. A deep
inflammatory reaction, histologically noticeable, is associated with
vasodilation, visible six hours following its application. Findings
one week later consist of increased mitosis in the stratum germi-
nativum, prolonged vasodilation of dermal vessels, proliferation
of fibroblasts, a thickened papillary dermal band, and a higher
concentration of elastic fibers in the deep dermis. With the excep-
tion of vasodilation, dermal changes are still visible four months
later [9,10]. The nature and intensity of these changes will depend
on the concentration of resorcin applied as well as on the time in
which this preparation is left on the skin [12].

Histolopathologic examination shows improvement in the epi-
dermal thickness, as well as reduction in atrophy, keratinous plugs,
loss of polarity, and basal cell degeneration. Decrease in elastosis,
edema, and telangiectasias are also observed. The morphology of
connective tissue is greatly improved after Golden Peels, showing
much more normal staining features which explain the enhance-
ment reached in cellulite or breasts and buttocks lifting [13,14].
According to the depth of the biological changes (wounding)
induced by this combination of peeling agents (papillary dermis
and upper part of the reticular dermis), it must be considered a
medium-depth peel [9].

Application Technique

Application of Golden Lift® is very easy, but every step must be care-
fully followed in order to get the best results: cleansing with astrin-
gents (rose water, acetone) and scrubbing with polyethylene gran-
ules [9,12]. Then the Jessner solution is applied in several passes
up to the point of frosting, on average 1-3 minutes. The Golden
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Peel® medium paste (53% resorcin plus 10% glycolic acid) is then
applied and left on the skin for 2 minutes at the first session. The
time may subsequently be increased according to the patient’s skin
tolerance, with a burning sensation indicating termination. On
average the paste is left for 2-5 minutes. The skin where the paste is
removed becomes white in the center and edematous and congestive
in the periphery. During the next two to three days the skin changes
from congestive, red, and swollen, to brown and sometimes deep
brown. After four to five days desquamation occurs [10,12]. Ben-
efits of this treatment modality are noted after the first session, but
they are enhanced after subsequent ones. For the purposes of this
study, we performed just five sessions, but in the practice we usually
offer packages of six to 10 sessions looking for the best results.

Complications

When using these formulations, we have never seen any case
of hypopigmentation, milia, or unsightly scars as is commonly
observed after deeper peelings [15,16].

Serious complications related to resorcin absorption [15-17]
can be avoided if we take the appropriate precautions concerning
the time of contact on the skin and do not apply them over several
anatomical regions (or large areas) in the same session. On the
back, for instance, the procedure must be performed focally. The
same precautions may be followed when used for cellulite.

In only four cases have we observed mild and transitory diz-
ziness when the patient stands up immediately after the peeling.
In all of these cases, resorcin paste had been applied at the same
time on dorsum of the hands, forearms, and V-line of the neck.
No changes in blood pressure or cardiac rhythm were noted, and
patients recovered after drinking a cup of coffee and reclining for
10 minutes in the Trendelenburg position [8].

After more than three decades using resorcin peels we have
noted only two cases of what seemed to be an authentic allergic
contact dermatitis to resorcin. The patients experienced the rapid
onset of pruritus and burning, and the skin became erythema-
tous, edematous, and showed multiple small vesicles. The condi-
tion was treated with oral antihistamines and topical corticoids,
and improved rapidly.

The most common complication has been mild to moderate
grades of hyperpigmentation that disappeared spontaneously,
most of our cases have been Fitzpatrick III or IV [8].

Materials and Methods
Thirty randomly selected Hispanic females whose ages varied
between 15 to 54 years (average 32), weighing from 47 to 87.7 kg
(average 65.6) and having heights of 1.42 to 1.68 meters (average
1.54) were included in the study. Pregnant and lactating females,
those with allergies, having systemic infections and those who had
received treatment for weight loss in the last three months, and
patients having kidney impairment, were excluded from the study.
No patient had lost weight in the previous three months. Eighty per
cent of the patients were of Fitzpatrick skin type III or IV. Informed
consent was required prior to the study from all patients.

The severity of cellulite was classified according to Amad,
Cordero, and Cordero scale [17]:

01 Not seen not felt
02 Not seen but felt
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Figure 10.1 Golden Peels are highly selective. Note the specificity on these striae
distensae.

03 Seen and felt
04 Macronodules

There was no patient of type 1 severity; type 2: three cases; type
3: eight cases; and type 4: four cases. The areas included in the
study were the outer thighs and gluteal region. Subjective evalu-
ation of cellulite was done by three observers: one physician, one
nurse (always the same) and the patient herself with a range of
0 to +++, with +++ being excellent. Photographs were taken
before and after completion of the study, as well as six months later.
Evaluation of cellulite was also carried out using circumferential
thigh measurements in centimeters before and after treatment,
and diagnostic ultrasound in millimeters pre- and post-treatment.
Circumferential measurements were made with a metric band
from the root of the thighs at the inguinal fold.

Results

Circumference of thighs decreased on the right side from
60.4 cm (average) to 57.9 cm (average), and on the left side
from 60.4 cm (average) to 57.5 cm (average) (Figs. 10.1-10.4).
Ultrasonic measurements in millimeters improved from 27.9 mm

Figure 10.2 Cellulite. Before and after only 5 sessions of Golden Lift®.
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Figure 10.3 Note the changes in before (left) and after (right).

(average) to 22.6 mm (average) on the right side, and from 28.4
mm (average) to 23.8 mm (average) on the left side (Figs. 10.5,
10.6).

Regarding side effects, mild and self-limited post-inflammatory
pigmentation was noted in two out of 15 cases (13%). Eczematous
contact dermatitis was not noted in any case.

A statistically significant difference was noted in the improve-
ment of the thighs (p < 0.01).

Discussion

Etiologically, cellulite can be related to genetic factors, abundance
of female hormones, or it can be a manifestation of a secondary
sexual character [1,2,7,8,17].

Neuro-vegetative, circulatory and other factors have been pos-
tulated as etiological factors [2,8,9]. In the case of multiple lipomas,
some authors suggest that they are inherited as a dominant geneti-
cally transmitted disease [9,18-20]. For others the cause of the
disorder included an abnormal blood supply [9,18-20] or a
neurogenic factor should be looked for in view of the unusual
number of nerve sizes sometimes found [18,20]. Aggravating fac-
tors leading to cellulite are stress, sedentary lifestyle, fried foods,
as well as orthopaedic and veno-lymphatic disturbances. In areas
of cellulite, there is predominance of alpha 2 insulin receptors
(anti-lipolytics, and stimulants of lipogenesis) [7,8,17,21]. The

Figure 10.4 In the lower trochanteric area there is noticeable difference between
before and after Golden Lift®.

areas most commonly affected are the outer thighs and gluteal
region; however, the inner thighs, inner knees, lower abdomen
below the umbilicus, and upper arms are other areas which can
be affected. Histologically, fat is deposited in the dermis in the
form of loculi separated by fibrous septa, giving the characteristic
nodular appearance of cellulite [1,2,7,8].

Cellulite (or a similar deformity) can also take place as a result
of very superficial liposuction especially in the outer thighs
with an incorrect technique. With cannula tunnels leading
up to the dermis, post-operative compression can result in
deeper fat being pushed upwards into the dermis resulting in
cellulite [6,9,22]. It can also take place in cases of fat transfer,
if the injected fat is deposited in loculi very superficially in the
upper dermis [22].

There are important differences in the organization of fat in
hips, thighs, breasts and abdomen in men and women. These dif-
ferences explain herniation of adipocyte lobules by hypertrophy
and hyperplasia within structural connective tissue compart-
ments in women, whereas in men adipose tissue is placed in
hypertrophic distribution either caudally or cephalically without
developing cellulite [21]. In the trochanteric areas, thighs, hips,
buttocks and femoral areas of women, there is a strong predomi-
nance of anti-lipolytic alpha-2 receptors, in addition to a number
of insulin receptors. These are anti-lipolytic and favour lipogen-
esis, which increases the deposition of adipose tissue in these
zones and results in cellulite [21,22].

The skin tightening effect of Golden Peel Plus® has been well
known to dermatologists for several years [8,10,12]. The addition
of 10% glycolic acid increases this property. Recently, we have
also demonstrated improvement in breast flaccidity and breast lift
using Golden Peel Plus® [11]. The gluteal lift effect of the Golden
Peel Plus® is desirable in a number of ways. It leads to improve-
ment of sagging skin, leading to a more youthful appearance of
the buttocks, with enhancement of self-esteem. All these effects
are improved using the new modifications [11,12]. As the compli-
cations are minimal or none, in our opinion, this is a very good
and minimally invasive way of improving cellulite.

Golden Peel Plus® is safe, simple, inexpensive and effective.
Nice results are obtained using Golden Peel® in photodamage,
upper limbs, V-line of the neck, striae distensae, and in breast
flaccidity [10,12]. It leads to an increase in epidermal and dermal
thickness and decreases dermal elastosis. As it reaches the pap-
illary and upper reticular dermis, it is a medium deep peel
[8,9]. All depends upon the time that the chemical substance is
left on the skin. Improvement can take place as a result of re-
orientation of collagen fibers, breakage of fat loculi as a result
of epidermolysis, as well as on the formation of proteinaceous
precipitates consisting of necrotic epidermis and keratin. Golden
Peel® also results in higher vascularity in the epidermis and dermis,
with an increase in metabolic activity [8]. This could also result
in clearing of excess superficial fat. When 10% glycolic acid is
added to the classical formula (Golden Lift®), the effect on the
skin tightening is greatly enhanced. This improvement has been
proven clinically, ultrasonographically, and statistically in the
management of cellulite.

Phenol peel may be cardiotoxic. However, the members of the
Golden Peel® family, though made up of resorcin, a phenol deriv-
ative, are free of its toxic effects [10-12].
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Figure 10.5 Ultrasonographic changes before and after 5 sessions of Golden Lift®. There are noticeable differences in the fat thickness.

Figure 10.6 There is decrease in the adipose tissue in these before and after pictures.

Conclusion

Golden Lift® is highly recommendable in cellulite treatment. Its
efficacy has been proven clinically, ultrasonographically, and sta-
tistically. Adverse effects are practically nil. Furthermore it is inex-
pensive with no “down time” period. For the increased satisfaction
of the patient it might be convenient to perform a bigger number of
peelings or combine with other medical modalities at home.
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11 Injection Lipolysis for Body Sculpting and Cellulite Reduction

Martin Braun

Introduction

Injection lipolysis is an injection into adipose tissue to dissolve
fat. This treatment slowly breaks down fatty deposits with sub-
cutaneous injections of an adipocyte-dissolving formula. It is
also known by the trademarked name lipodissolve. It has been
practiced in Europe and South America for over a decade, and
in North America since 2003. Despite the fact that practitioners
of injection lipolysis outside the United States tout the benefits,
based on their favorable experiences, there exists a considerable
amount of healthy skepticism in the American cosmetic medical
community concerning this procedure. However, an abundance of
scientific literature demonstrating the histopathology, mechanism
of action, and detailed measurable clinical results is now available
and will be reviewed.

Injection lipolysis is suitable for non-obese patients with local-
ized fat accumulation which cannot be reduced with appropriate
diet or sincere efforts at exercise. This fat accumulation on the hips
and thighs is associated with a worsening appearance of cellulite.
One can improve the appearance of cellulite by diminishing the
underlying subcutaneous fat and reducing the girth of the thigh.
Injection lipolysis does not result in weight loss; injection lipol-
ysis modifies body contours. The ideal patient has a normal body
mass index of less than 25 (normal BMI 18-25). Injection lipolysis
is not a substitute for liposuction. Injection lipolysis is an alterna-
tive to liposuction for areas of fat accumulation in a patient who
prefers a less invasive non-surgical procedure. Liposuction is a
more cost-effective and efficient procedure than injection lipol-
ysis for larger fatty deposits which can be removed with one pro-
cedure. However, liposuction rarely improves the appearance of
cellulite, whereas injection lipolysis does improve the appearance
of the skin overlying the fat.

The active ingredient of injection lipolysis is a mixture of phos-
phatidylcholine (PC), a natural substance derived from soy bean
lecithin, and deoxycholate (DC), a bile salt. Aventis Pharma (part
of the Sanofi- Aventis Group, Paris, France, the third largest phar-
maceutical company in the world), markets phosphatiylcholine/
deoxycholate preparations under the trade names Lipostabil and
Essentiale in Europe (primarily Germany and Italy), Russia, South
America, and South Africa. Lipostabil contains 5% PC (50 mg/ml)
and 4.75% DC (47.5 mg/ml) with 0.9% benzoyl alcohol, vitamin
E, and saline. Lipostabil is not sold in the USA or Canada.

Review of Scientific Literature on Injection Lipolysis

Phosphatidylcholine (PC) is an essential phospholipid which
comprises 40% of the human cell membrane. PC is commonly
known as lecithin, and the commercial preparations of purified
PC are derived from soy bean lecithin, rather than egg yolk. PC is
composed of choline, phosphate, and two fatty acids. (See Fig. 11.1).
One end is polar; the other non-polar. This is the primary
constituent of the bilipid cell membrane. The length of the

two fatty acid chains varies amongst different PC commercial
preparations, affecting its solubility.

PC is involved in the regulation of lipid metabolism [1,2] and
is marketed by Aventis as an injectable intravenous infusion to
lower cholesterol and triglycerides called Lipostabil. Lipostabil
has also been used in the treatment of hepatitis [3,4,5], and car-
diovascular atheromatous diseases in Europe and Russia [2]. It is
also a common constituent of chelation formulas.

The known ability of oral and intravenous PC to reduce sys-
temic triglycerides and cholesterol eventually led to its use as a
subcutaneous injection in an attempt to decrease fatty deposits.
The first published trial using Lipostabil in a subcutaneous injec-
tion was by the Italian physician Sergio Maggiori to treat xan-
thelasma in 1988 [6].

Subsequently, Lipostabil was reported as a successful office-
based procedure for fat dissolution of the “buffalo hump” at an
AIDS lipodystrophy meeting at an HIV symposium in Athens,
Greece, in 2001 by Brazilian dermatologist Marcio Serra. He
described the substantial reduction of buffalo humps in two HIV
patients injected on five occasions every two weeks with 200 mg
of PC. Local side effects of erythema and edema were reported to
resolve over three to four days [7].

In 1999 Brazilian dermatologist Patricia Rittes reported the
injection of PC into the small fat pads of the lower eyelid area
at the 54th Brazilian Dermatology Congress [8]. The first paper
published in an English peer-reviewed journal describing this
use of PC for localized fat dissolution was by Rittes in 2001 [8].
Rittes has performed this office procedure thousands of times
since 1999. Rittes’ paper in Dermatologic Surgery describes the
injection of 30 patients (22 females, eight males, ages 30-70)
up to four times in each of the three infraorbital fat pads at
15 day intervals [8]. Cosmetic improvement was reported in all
patients, with local side effects of erythema and edema for up
to three days. Follow-up was for two years with no recurrences.
This paper gives the total dose of PC per infraorbital fat pad
(PC 20 mg), but does not report the exact technique. Dr. Rittes
has described her injection technique at many medical meet-
ings, and it is shown in Figure 4. Rittes injected the three
infraorbital fat pads with a total dose of PC 20 mg.

Her work was reproduced by American dermatologists
Ablon and Rotunda in 2003 [9]. Ten patients (seven women and
three men aged 42-71) were injected at 14-day intervals up to
five times using the Rittes’ technique. Immediate local side effects
were mild burning, erythema and edema. Dr. Rotunda reported
that 6/10 patients had moderate to significant improvement with
no significant side effects during a six- to 10-month period of
follow-up [9]. Treacy and Goldberg found similar efficacy in their
study of 21 patients on infraorbital fat [20].

Rittes published a second article describing injections of PC
40 mg per injection site into areas of fatty accumulation other
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Figure 11.1 Phosphatidylcholine (PC).

than infraorbital fat pads in 50 patients (40 female and 10 male,
aged 25-60) up to four times every 15 days [10]. PC 40 mg was
injected every 2-3 cm using a 30 G 1/2 inch needle into the fatty
deposit. A total dose of PC 250 mg was injected uniformly over
an 80 sq cm area. Various areas of the body with fatty accumula-
tion were chosen. Before and after photographs were taken, but
no measurements. Cosmetic improvement was reported in all
patients, with fat reduction and improvement in body contour
with the loss of a roll of fat. In the discussion, Dr. Rittes reports no
return of fat in four years of follow-up, but exact numbers are not
given. Local side effects of burning pain, erythema, and edema are
again described. Subcutaneous nodules which disappeared within
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H

Deoxycholic Acid (deoxycholate)
Figure 11.2 Deoxycholic Acid (DC).

Figure 11.3 Note each injection point is equidistant. The injection pattern should
resemble the 5 side of a die. Each point represents 20 mg of PC injected to a depth
of 13 mm.

30 days are mentioned. No lipoatrophy occurred. Rittes reported
the treatment safe and effective [10].

Brazilian dermatologists Hexsel and Serra reported injec-
tions of PC 10 mg per injection point in 213 patients up to five
times every 15 days [11]. PC 10 mg was injected every 2 cm
using a 30 G 1 inch needle at a depth of 1-2 cm. A maximum of
500 mg of PC was injected at any one session. The 213 patient
group included eight HIV patients who were treated for buf-
falo humps at 30 day intervals. By the fifth session, 80-100%
remission or “considerable improvement” was reported. Local
side effects included transitory pain at the site of injection,
erythema and edema. No systemic adverse reactions were
observed. Thirteen patients underwent pre and post liver and
renal function testing. There were no significant alterations in
laboratory parameters. Hexsel and Serra reported the treatment
safe, effective, low cost, as well as much simpler compared to
surgical liposuction.

Unfortunately, these were all open label clinical studies. Due
to the immediate erythema and edema which occurs following
injection of PC/DC, it would be virtually impossible to design a
double-blind study. The studies also have not shown any histopa-
thology concerning the mechanism of action of the PC/DC. Mea-
surements are lacking, although some very good before and after
photographs are shown in the papers discussed. Only Hexsel and
Serra reported any lab data in 13/213 patients [11].

Rose and Morgan were the first to report histological findings
following an injection of PC/DC into a human patient. Biop-
sies taken at one and two weeks after treatment with PC/DC
showed a normal epithelium and dermis, with mixed septal and
lobular panniculitis. The fat lobules were infiltrated by increased
numbers of lymphocytes and macrophages. The macrophages
consisted of conventional forms, foam cells, and multinucleated
fat-containing giant cells. The inflammation was associated with
serous atrophy [12].

Schuller-Petrovic et al. subsequently performed histology on a
human volunteer and rats, and found that PC/DC dose-dependent

Lateral fat
pad Middle fat pad Nasal fat pad

Figure 11.4 Location of periorbital fat pads.
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2 weeks
later, after
Mesotherapy
for Cellulite

4

Figure 11.5 (A) Before and (B) two weeks after mesotherapy for cellulite (by
permission of Dr Charles Mok).

reduced membrane integrity and cell viability. Histologic altera-
tions induced by PC/DC included fibroplasia, bandlike fibrosis
in the region of the cutaneous muscle, and partial muscle loss
if injected into rat muscle [13]. It is critical to only inject PC/DC
into adipose tissue, and not muscle [13,16].

Bechara et al. performed sequential histology on lipomas
following injections of Lipostabil brand PC/DC. Between
four and 48 hours after injection, histology shows a lobular
neutrophilic infiltrate with partially destroyed fat cells. At
day 10 the inflammatory process is accompanied by an infil-
tration of T-lymphocytes. After 60 days, formation of mac-
rophages with foam cells are visible, accompanied by thickened
septa and capsula [14]. Bechara et al. also demonstrated an
average reduction in size of 46% in 30 lipomas (10 patients)
injected with PC/DC on four occasions [15]. These and
other studies have conclusively demonstrated the loss of adi-
posite viability following PC/DC injections into fat. How-
ever, could it be possible that the active ingredient in PC/DC
is DC?
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Figure 11.6 (A) Before and (B) after four cellulite treatments (a few further treat-
ments will be needed) (by permission of Dr Charles Mok).

Deoxycholate (Deoxycholic acid)
Deoxycholate (DC) is a bile acid found in human bile. DC has a
primary detergent effect to emulsify fats in our diet (Fig. 11.2).

DC is also widely used as a laboratory reagent to solubilize cell
membrane proteins due to its detergent effects. Detergents have
had various uses in medications for many years, especially as
sclerosing agents for sclerotherapy injections. A specific example
of deoxycholate as a detergent is to solubilize amphotericin B.
Amphotericin B is insoluble in water; presence of sodium deoxy-
cholate in the formulation solubilizes amphotericin B during
reconstitution with sterile water providing a colloidal dispersion
of the drug for intravenous injection.

Rotunda et al. published their findings in Dermatologic Surgery
in 2004 [16] describing a loss of cell viability with cell membrane
lysis and disruption of fat and muscle architecture in porcine cell
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After 5
Mesotherapy
cellulite
treatments

Figure 11.7 (A) Before and (B) after five mesotherapy cellulite treatments (by
permission of Dr Charles Mok).

cultures and tissue specimens treated with PC/DC and DC alone.
As mentioned previously, DC is a detergent that is used to emul-
sify and solubilize compounds that are insoluble in water, such
as injectable amphotericin. Rotunda et al. showed that injecting
the deoxycholate alone produced similar effects as the combi-
nation PC/DC Libostabil formulation, suggesting that DC is an
active ingredient. They were unable to test PC in isolation, as PC
is not soluble in aqueous saline solution by itself. The DC is used
to increase the solubility of PC in the PC/DC formulation.
Histology of the porcine skin did not show any changes
of the epidermis, dermis or adenexal structures after injection
of PC/DC. This finding shows that one can treat the adiposity of
cellulite without affecting the structures of the skin, as long as the

A
Before

6
Treatments
Later

51

Figure 11.8 (A) Before and (B) after six treatments (by permission of Dr Charles Mok).

injection of PC/DC is at least 6 mm from the epidermis. There
was a concentration dependent increase in cell lysis in both the
PC/DC and DC treated cell cultures. Muscle cell viability was also
compromised with injections into porcine muscle, indicating the
critical importance of limiting PC injections to adipose tissue, and
avoiding any underlying muscle. Rotunda summarized the effect
of the PC/DC formula as a detergent action causing nonspecific
lysis of cell membranes, with a brisk inflammatory response, and
subsequent adipocyte necrosis.

These findings were confirmed by several other investigators:
Yagima et al. injected pure DC 10 mg/ml, 25 mg/ml or placebo
on four occasions in 30 volunteers. Clinical, hematologic, and
ultrasonographic evaluations were performed for three months
and histology at three and six months. Both concentrations of
DC induced an inflammatory response at the injection site, with
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Figure 11.9 (A) Before and (B) after six treatments (by permission of Dr Charles Mok).

dose-dependent adipocyte lysis. Patients reported mild, localized
heat, erythema, swelling, and intense pain. Microscopic evalua-
tion revealed necrosis of adipose tissue with adipocyte lysis, fat
dissolution, acute lymphomononuclear inflammatory reaction,
and intense phagocytosis of fat cells by macrophages. Fibrosis
was observed only at the six-month biopsy. Nodules at the injec-
tion sites, compatible with areas of inflammation, were detected
by ultrasonography two weeks after the first injection. Placebo
injections induced no histologic changes [17].

Rotunda and Ablon also demonstrated that DC alone was
effective in the dissolution of lipomas. A total of six patients with
12 lipomas were treated with injections of sodium deoxycholate
(1.0%, 2.5%, and 5.0%) at intervals of two to 20 weeks. Tumor
size, cutaneous reactions, and patients’ subjective responses were
recorded before and after treatment. All lipomas decreased in size
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Figure 11.10 (A) Before and (B) after six treatments (by permission of Dr Charles Mok).

(mean area reduction, 75%; range, 37%-100%) as determined
by clinical measurement (with ultrasound confirmation in one
lipoma) after an average of 2.2 treatments. Several lipomas frag-
mented or became softer in addition to decreasing in volume.
Adverse effects, including transient burning, erythema, and local
swelling, were associated with higher deoxycholate concentrations
but resolved without intervention. There was no clear association
between deoxycholate concentration and efficacy [18].

In order to resolve the question of the active ingredient in the
PC/DC mixture, Salti et al. performed a double-blind study com-
paring PC/DC to DC. Thirty-seven consecutive female patients
were studied for the treatment of localized fat in gynoid lip-
odystrophy. Each patient received injections of a PC/DC on one
side and DC on the contralateral side, each single patient being



INJECTION LIPOLYSIS FOR BODY SCULPTING AND CELLULITE REDUCTION

Figure 11.11 (A) Before and (B) after six treatments (by permission of Dr Charles Mok).

herself the control. Four treatments were carried out every eight
weeks in a double-blind, randomized fashion. Metric circum-
ferential evaluations and photographic and ultrasonographic
measurements were done. An overall reduction of local fat was
obtained in 92% of the patients without statistically significant
differences between the treated sides. Reduction values on the
PC/DC treated sides are in the order of 6.5% metrically and 36.9%
ultrasonographically, whereas on the DC treated sides they are
in the order of 6.8% metrically and 36% ultrasonographically.
Both treatments, at the dose used in the study, proved safe in the
short term. The most common side effects were local and few, but
were more pronounced on the deoxycholate-treated sides [19].

Clinical Safety of Phosphadidylcholine/Deoxycholate
Injections

The preceding studies did not report a single, serious adverse effect.
Palmer et al. reported a retrospective review of 10,581 injection
lipolysis treatments performed by 39 physicians in the UK in 2006.

| Before

After 7 Mesotherapy
sessions

Figure 11.12 (A) Before and (B) after seven mesotherapy sessions (by permission
of Dr Charles Mok).

Three-quarters of the patients were satisfied or very satisfied with
their treatments, and there was not a single, serious adverse side
effect. Fifteen of 10,581 treatments (0.14%) had associated pain or
swelling that was rated as “unusually severe or prolonged beyond
two weeks” [21]. Duncan and Chubaty reported on a retrospective
clinical safety data survey sent to 75 physicians from 17 countries
who collectively performed 56,320 injection lipolysis sessions on
17,376 patients. There was not a single serious adverse effect as
defined by death, hospitalization, skin ulceration, infection, or
chronic skin irritation [22]. Hasengschwandtner et al. reported no
serious adverse effects in over 80,000 treatments in data collected
by Network Lipolysis, a European-based organization that teaches
injection techniques and pools data from its members [23].

There have been isolated reports of mycoplasma infections
following injection lipolysis, probably related to violations of
aseptic technique and/or dubious sources of injectable solutions
[24-26]. One case that is widely quoted by critics of injection
lipolysis resulted from an unidentified quack injecting unknown
substances into the fat of unsuspecting Virginians in their
kitchens [27]. This is not the standard practice of safe medicine,
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62

Figure 11.13 (A) Before and (B) after eight treatments (by permission of
Dr Charles Mok).

and this incident should not reflect poorly on injections done
by a competent doctor in a sterile enviroment. Lee and Chang
reported a case of fat necrosis from Korea following multiple
injections of dextrose and water into abdominal fat which healed
with scarring following treatment with oral minocycline and
prednisone [28]. It is well known that water will cause massive
necrosis when injected into fat, and this article simply shows
that this known fact will occur. It has nothing to do with the
safe practice of injection lipolysis using PC/DC or DC alone. Yet
this article is quoted as an example of “mesotherapy,” when no
proper mesotherapy was done.

Dr. Diane Duncan, an American plastic surgeon, has published
an excellent paper detailing the need for a standard of practice for
this promising therapy [29].
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Availability of Lipostabil in the United States and Canada
Unfortunately, Aventis has no plans to market Lipostabil in the
United States or Canada (personal communication with the
manufacturer). Thus, it has not gone through the FDA regulatory
process, and its use is therefore illegal in the United States. In a
letter written to warn a U.S. importer of Libostabil, an official of
the FDA wrote,

“If a drug is marketed as an injectable product, it does not
qualify as a dietary supplement since it is not intended
for ingestion as set forth in section 210(ff)(2)(A)(i) of the
Federal Food, Drug, and Cosmetic Act (the Act).

Based on the route of administration (i.e., injectable) of
this product and the claims made for the product to affect
the structure or function of the body, it is a “drug” within
the meaning of section 201(g) of the Act. Moreover, the
product is a “new drug” [section 201(p) of the Act] because
there is no substantial evidence that the product is generally
recognized as safe and effective for its intended use.

Since the product is a “new drug” it may not be marketed
in the United States without an approved new drug applica-
tion [section 505(a) of the Act]. In addition, in accordance
with section 503(b)(1) of the Act, injectables other than
insulin may not be sold directly to consumers”” [30]

However, since the principle constituents of Lipostabil are
phosphadylcholine derived from soy bean lecithin, and the bile
salt deoxycholate, the ingredients are readily available to com-
pounding pharmacies in the United States and Canada. There-
fore a physician can order these substances to be mixed to any
specification. Since the route of administration is parenteral, and
claims are being made that these substances will dissolve fat,
the FDA would consider the entire process to be the practice of
medicine with the simple administration of a drug falling under
the duties of responsibility and judgement of the physician.

In view of the fact that injectables cannot be sold directly to
consumers (other than insulin), a licensed physician can write a
prescription instructing a compounding pharmacy to make the
formula to dissolve fat. This physician takes the responsibility
for the administration and safety of the prescribed treatment,
as is the case with any other medical treatment. It is the author’s
hope that these rules will prevent non-medical personnel from
injecting PC/DC formulations as previously occurred in Brazil.
Due to the widespread popularity of Lipostabil in Brazil, this
formula was being injected in beauty salons, gymnasiums,
and spas by non-medical individuals, which alarmed Aventis
Pharma.

Aventis notified the Brazilian health authority, the Brazilian
National Agency of Sanitary Monitoring (Anvisa). Aventis
Pharma Brazil issued a notice stating that it does not market the
product in Brazil and has no plans to do so. When Anvisa inves-
tigated the widespread unauthorized use of Aventis’ Lipostabil
(fosfatidilcolina) to reduce fat, it found two Internet companies
had been distributing Lipostabil in Brazil. This led to the ban-
ning of Lipostabil at the national level in Brazil in January 2003
with the intent that non-medical people would have difficulty
purchasing and administering it outside a physicians direct
control. Many North American physicians have quoted the
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Figure 11.14 (a, b) Before and (c, d) after ten treatments.

banning of Lipostabil in Brazil as “evidence” that Lipostabil must
be inherently unsafe, without understanding the true background
that led to the ban.

UCLA Harborview has obtained a US patent for the use of
deoxycholate and any other bile salt for the purposes of fat disso-
lution. Kythera Biopharmaceuticals Inc. has finished Phase 2 trials
enrolling 157 patients demonstrating the efficacy of deoxyxholate
for submental fat reduciton in order to obtain FDA approval for
the use of deoxycholate for fat dissolution [31].

Contraindications for Injection lipolysis Injections

1. Pregnancy and breast-feeding
2. Minors
3. Serious obesity

(d)

4.
5.

Allergy to any ingredients, especially soy
Unrealistic expectations

Local Side Effects (in the injected area)
For a few days:

NSO e

Pain 100%

Swelling 100%
Sensitivity to touch 100%
Pruritis 100%

Erythema 100%
Ecchymosis occasionally
Hematoma rarely

For a few weeks:

8.

Nodules and “dents” which will eventually disappear
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Systemic Side Effects (Cholinergic - more common with
higher dose)

Nausea

Perspiration

Diarrhea

Altered Taste Sensation/Salivation

Cardiac arrythmia has been reported with intravenous PC

G WD =

Dosages and Techniques for Injection Lipolysis Injections
Toxicity studies have been done with PC (International Journal of
Toxicology 2001). The maximum non-lethal subcutaneous dose of
PC for mouse, rat and rabbit was 10,000, 4000, and 1000 mg/kg
respectively [15]. Different doses of PC to dissolve localized fat are
used by various experts:

Dr. Franz Hasengschwandtner (Founder and Director of
Network-Lipolysis at www.network-injection lipolysis.com and
Chairman of the Austrian Society for Injection lipolysis) uses a
maximum of 2500 mg PC per session. He spaces his sessions four
to six weeks apart. He injects 0.4 ml of 50 mg/ml Lipostabil per
injection site (20 mg of PC) approximately 2 cm apart to a depth
of 13 mm into fatty pads.

Dr. Patricia Rittes (world’s foremost specialist on injection
lipolysis with over 26,000 cases in Brazil, www.prittes.com.br)
injects 0.8 ml of 50 mg/ml PC per injection site (40 mg of PC)
approximately, 4-6 cm apart to a depth of 13 mm. A typical injec-
tion pattern would involve six injections of 0.8 ml each in an area
of about 80 sq cm. This area corresponds roughly to a 4 X 4 inch
gauze (10 X 10 cm) and would require about 250 mg of PC. Rittes
limits her total injection dose to 500 mg per session.

Therefore, Dr. Hasengschwandtner is performing more injec-
tions closer together using half the PC that Dr. Rittes uses for each
injection site. Her injection technique involves injecting more PC
into each site, but using fewer injections that are spaced farther
apart. It may be that there is less pronounced nodulation with
smaller amounts injected into more sites.

The nodulation following PC injection is a direct result of fat
necrosis, and it makes intuitive sense to limit the volume of injec-
tion into any one point, although the optimal amount to inject in
any one point is unclear. The author uses 20 mg of PC injected into
one point. The author also limits his initial total dose of PC to 1000
mg to observe patient response and to minimize the chance of
any systemic side effects. This is an office-based elective cosmetic
procedure, and patients choosing this treatment do not want any
“downtime” with excessive pain, swelling, or complications.

Pre-Treatment Considerations for Injection Lipolysis

Firstly, a proper medical history should be taken to determine if the
patient has any contraindications or unrealistic expectations. The
ideal patient for injection lipolysis therapy is an individual who does
not wish to pursue surgical liposuction because they have relatively
small fat deposits. A patient with smaller areas of fat accumulation
would very likely have a Body Mass Index less than 27.

Following the consultation, measurements should be made
with standard reference points. For example, if the plan is to treat
the “love handles” at the sides of the waist, take a measurement
with a tape at this area. Measure the distance from the simphysis
pubis or umbilicus so that the identical measurement can be taken
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weeks later. The loss of fat is gradual, and other than looser fitting
clothing, the patient may not notice. It is invaluable to show the
patients that they lost several centimeters in their standard mea-
surement at a subsequent visit. It is not absolutely necessary to
have the patient’s height and weight, but it can be useful to dem-
onstrate a body contour improvement to a patient without the loss
of any weight. Furthermore, if a patient gains weight they will lose
the body contour improvement, similar to gaining weight after
liposuction. The remaining adipocytes simply swell as they store
more fat, and the fatty deposit reappears. A pre-treatment weight
can therefore be useful to defend the effectiveness of the therapy.

Photograph patients using a tripod, standard positions, and
neutral background. Some areas are difficult to measure with a
tape, so good photographs can be invaluable.

Disinfect the skin prior to any injections and after the injec-
tions to spread the material while massaging the skin. A potential
complication is mycobacterium infection, and this is obviously
related to good aseptic technique [24,26].

Have the patient stand to mark the injection sites with a surgical
marking pen. Do not inject below the knee due to muscle proximity.
Rotunda et al. demonstrated muscle necrosis with PC/DC injections
into porcine muscle [12]. There is no need to stop ASA or NSAIDS,
although there may be more bruising with the injections.

Consider limiting the first session to 500 mg PC to observe
the patient response. This is an outpatient, cosmetic, office-based
procedure chosen by a patient who wishes to avoid liposuction.
It would be unwise to subject this inexperienced individual to
undue pain, swelling, and erythema by injecting multiple sites.
By beginning conservatively, the practitioner can gauge this new
patient’s tolerance for more injections. For future visits, one can
then consider the maximum dose of PC = 2500 mg per session
spread over multiple areas. Do not use a concentration stronger
than PC 50 mg/ml, as all of the published scientific literature has
used this concentration of PC [7-11].

Injection sites are marked about 2-3 cm apart (one finger
breadth) on skin that has been prepared with a good disinfectant.
Inject 20 mg of PC into each location at a depth of 6-13 mm into
localized fat using a 30 G needle. Do not inject the exact point
marked with the surgical marking pen to avoid tattooing the skin.

Superficial skin ulcerations have been reported when injecting
PC more superficially than 6 mm. Therefore, inject at a depth of
at least 6 mm.

Sessions should be spaced three to six weeks apart; never
closer than two weeks apart. The author routinely waits until any
nodulation has disappeared or has markedly diminished before
injecting again.

Diet and exercise following this treatment appears to enhance
results, but these are not critical to success. However, it makes
sense that the body will metabolize the emulsified residue more
efficiently if the patient is in a slightly negative or neutral caloric
intake, rather than gaining weight. Gaining weight will not enhance
the dissolution of any fatty areas or improve body contours,
even following liposuction.

Hypothyroidism (may be subclinical) and B-blockers may diminish
results. If a patient fails to obtain satisfactory results following
injection lipolysis treatments, check their thyroid status.

Repeat injections two to five times in a given area and consider
liposuction if the fourth injection session did nothing.
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Injection Lipolysis Formula for Fat Pad Dissolution
Most compounding pharmacies in the United States will produce
PC at a concentration of 100 mg/ml. The content of DC in the for-
mulation varies considerably with different pharmacies, ranging
from 21 mg/ml [16] to 42 mg/ml [17]. The 42 mg/ml concentra-
tion of DC s closest to the Lipostabil brand by Aventis which con-
tains DC 47.5 mg/ml.

The following formula assumes one is starting with PC
100 mg/ml concentration and diluting it 50/50 with lidocaine 1%.

Dr. Rittes uses 0.8 ml of 50 mg/ml PC = 40 mg PC per shot
Dr. Hasengschwandtner uses 0.4 ml of
50 mg/ml PC = 20 mg PC per shot

The author has decided to use the Dr. Hasengschwandtner dose,
which also necessitates twice the injections closer together than
Dr. Rittes.

Maximum PC per session = 2500 mg PC total

At 20 mg PC per shot, the maximum dose that can be given is
2500/20 = 125 maximum shots in one session.
If PC is purchased as 100 mg/ml, then an injection of 0.2 ml
(20 mg) of PC is equal to Dr. Hasengschwandtner’s dose of PC.
The author injects 0.2 ml of PC in each shot.

Lidocaine

With injections of pure PC 50 mg/ml into the fat, patients report
pain on a scale of 8/10 verses 2/10 with the addition of lidocaine
(personal clinical experience). Therefore, it appears useful to add
lidocaine to the injections. Furthermore, the French have always
claimed that lidocaine or procaine enhance the effects of various
mesotherapy cocktails used for cellulite reduction.

Maximum safe dose for lidocaine (or marcaine) in an adult is
400 mg according to the package insert. It seems prudent to use
250 mg as the maximum to improve this margin of safety. Alter-
natively, one can use marcaine 0.5% instead but it is six times the
cost of lidocaine.

lidocaine 250 mg/ 125 shots = 2 mg per shot
lidocaine 1% = 10 mg/ml. Therefore, 2 mg of lidocaine 1% = 0.2
ml lidocaine.

The author injects 0.2 ml of lidocaine in each shot.

The author injects a total of 0.4 ml with each injection point
which consists of 20 mg PC and 2 mg of lidocaine.

The daily solution for injection is made up by mixing equal vol-
umes of PC 100 mg/mlandlidocaine 1%. This dilutes the PC by 50%,
down to 50 mg/ml. Therefore, a 5 ml syringe will contain 250 mg
(50 mg/ml x 5 ml) PC. The maximum that should be injected is ten
syringes of this solution. It is strongly recommended to start with
two to four syringes as a maximum dose (500-1000 mg PC).

Note: If one adds other medications to PC, the solution must be
used within 24 hours. It is not known if a mixture of PC with other
drugs is stable for longer periods. Many practitioners are routinely
adding L-carntine, aminophylline, collagenase, and hyaluronidase
to their PC syringes. Thus, an example of an alternative formula
mixed in a 5cc syringe for injection:

2cc
1cc

PC 100 mg/ml
collagenase 1000u/ml

L-carnitine
lidocaine 2%

1cc
1cc

How to Make Injection Lipolysis Solution in the Office

Most compounding pharmacies make up 50 ml bottles of PC 100
mg/ml. One can order only 25 ml of PC in the sterile 50 ml bottle,
and then fill the bottle as follows:

PC @ 100 mg/ml (2500 mg) = 25 ml
lidocaine 1% (250 mg) = 25 ml
Total = 50 ml solution

This 50 ml solution can be drawn up into ten 5 ml syringes.
This is the maximum amount that any one patient should receive
at one session.

This formula was designed so that 0.4 ml can be injected with
each injection, which is two lines on a 5 ml BD syringe. One
5 ml syringe will allow the physician to inject 12 points, with a
tiny amount left over for a 13th shot.

Some practitioners will prefer a 3 ml syringe based on the size
of their hand. If a 3 ml syringe is used there will be 150 mg of PC
in each syringe. In this case, a conservative starting dose would be
3 X 3 ml syringes (=450 mg PC).

Procedure for Injecting Injection Lipolysis into Fatty Pads
Overlying Cellulite

1. Patient consultation, informed consent signed, pictures and
measurements taken.

2. Clean the skin with a good skin disinfectant. The author uses
Techni-Care Surgical Scrub as it is gentle on the skin with high
efficacy [32]. It can be purchased at http://www.caretechlabs.com.

3. Make up the solution consisting of equal volumes PC 100 mg/
ml and lidocaine 1%.

4. Draw up the solution into 3 ml or 5 ml syringes (5 ml = 250
mg PC).

5. Use a surgical marking pen to draw points of injection over the
localized fatty deposit. The points should be about 2-3 cm apart.

6. Count the number of points. About 13 points can be injected
with one 5 ml syringe with 0.4 ml per injection site. Remember,
the most that should ever be injected is 2500 mg of PC in total,
or about 130 injection points.

7. Use a 1/2 inch 30 G. needle. Change the needle every one to
two syringes as it gets dull. Inject next to the points that are
marked to a depth of 13 mm into the fatty deposits to avoid
tattooing the skin with ink. A 6 mm needle may also be used.

8. Use a Zimmer cooler or ice or vibration to decrease the pain of
injections.

9. Wipe off the skin again with Techni-Care or isopropyl alcohol
to remove the surgical marking pen marks and to help spread
the PC in the skin.

10. Give the patient instructions and an analgesic prescription if
necessary.

Typical Injection Pattern Using Up One 5 ml Syringe

Note each injection point is equidistant. The injection pattern
should resemble the five side of a die. Each point represents
20 mg of PC injected to a depth of 13 mm.
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Dr. Rittes’ technique for injection lipolysis is to inject 0.8 ml of
PC 50 mg/ml solution (40 mg PC into each injection point) into
six sites spread over about 80 sq. cm.

Injection Lipolysis for Infraorbital Fat Pads (Rittes Technique)
Press gently on the globe of the eye. Observe bulging of the three
infraorbital fad pads under the eye. Give three injections to a
depth of about 6 mm, perpendicular to the skin into the middle of
each infraorbital fat bulge. (See Figure 11.4)

1. Use PC 50 mg/ml. Draw up 0.8 ml (40 mg PC) in a one ml
syringe to do both infraorbital fat pads.

2. Use a 1/2 inch 30 G needle. Inject the needle only halfway
(about 6 mm) into the fat pad (not the eyeball!) perpen-
dicular to the skin.

3. Use a total of 0.4 ml (20 mg) per eye injected carefully into
three sites as in the following pattern (see Fig. 11.4):

Lateral fat pad: 0.1 ml
Middle fat pad: 0.2 ml
Nasal fat pad: 0.1 ml
Total per eye: 0.4 ml

4. Ask the patient to try to avoid ice packs or NSAIDS for eye
swelling. Sleep with head elevated on three pillows for two
days following treatment to reduce swelling around the eyes.

5. Wait at least two weeks between treatments; skin should
tighten.

6. Total two to four injection sessions. It may take six months
to achieve optimal results.

Clinical Examples of Injection Lipolysis Therapy
Figs. 11.5-11.14 show improvement of cellulite following injec-
tion lipolysis.

Injection Lipolysis Summary: Simple Injections for Fat
Reduction

Injection lipolysis is an injectable technique that specifically targets
localized fat and indurated cellulite deposits. The ideal patient has
a BMI <23. The patient may also have cellulite, stretch marks, and
flaccid skin. The treatment slowly dissolves the deposits with injec-
tions of a fat-dissolving substance called phosphatidylcholine, a nat-
ural substance derived from soy bean lecithin. Phosphatidylcholine
makes up 40% of our cell membranes, and is found throughout our
bodies. The body naturally eliminates the residue after an injection
lipolysis session over the following three to four weeks. Side effects
can include mild swelling, bruising, discomfort, or itching.

Treatment typically involves a series of injections, administered
in a clinical setting, at the target area(s) over several weeks. On
average, one to four treatments, with 14 to 42 day intervals between
them, are required to achieve the desired results. No global proto-
cols have been established.

Over the past eight years, physicians have successfully used
injection lipolysis on tens of thousands of patients. The areas that
respond best to injection lipolysis treatment - in those who are
not excessively overweight — are certain stubborn fat deposits that
resist further reduction after diet and exercise. These include the
lower eyelids, or tear bags, double chins, the abdomen, love han-
dles, backs of arms, thigh saddlebags, knees, and wings (the area on
the back, just beside the armpits). Injection lipolysis has also been
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shown to improve and smooth out the skin, which is a benefit for
those with severe cellulite.

In fact, injection lipolysis is now being used to help improve
cosmetic irregularities that can occur following liposuction. Fur-
thermore, liposuction does not improve cellulite; only injection
lipolysis has been shown to improve the skin texture in cellulite.

Long-term side effects in injection lipolysis applications are
unknown at present. However, no long-term adverse effects have
been reported from any physicians who have been administering
these injections for almost a decade now in areas outside of North
America. Injection lipolysis injections should be administered
under medical supervision. People who are pregnant, morbidly
obese, suffering certain diagnosed illnesses, or allergic to the
product should not have injection lipolysis injections.

Further clinical studies must be done to enhance our scientific
knowledge of this promising therapy. It should not be discarded
simply because the exact mechanism of action or optimal dose are
unknown. Allopathic medical practitioners have been injecting
cortisone for decades at different depths for a variety of inflamma-
tory conditions, but the exact mechanism of action, optimal dose
and interval of injections for a given inflammatory condition in
a specific location has never been scientifically proven. This does
not mean that cortisone injections should be abandoned; rather
caution is advised when using this substance until the careful
practitioner gathers clinical experience and confidence with its
use. Spending time with a medical practitioner experienced with
the use of the injectable substance is invaluable to observe injec-
tion technique and clinical practice. The same can be said for
injection lipolysis therapy at the present time.
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12 No-Needle Mesotherapy
Gustavo Leibaschoff

Recently, much interest has been expressed in new devices capable
of penetrating ingredients to a useful depth in tissue without the use
of conventional injection. Target conditions include cellulite forma-
tions, fat masses, photoaging of the face and hyperpigmentation.

Transdermal drug administration has obvious potential advan-
tages over oral, injection, or intravenous drug delivery. Many aes-
thetic applications seek to deliver ingredient molecules to a specific
depth in tissue to rejuvenate photoaged skin, minimize or elimi-
nate hyperpigmentation, smooth tissue areas impacted by cellulite
or mobilize localized fat deposits. Conventionally applied topical
medications, used for aesthetic treatments, are limited in their
ability to penetrate to any significant depth in tissue.

Advantages of transdermal delivery techniques relate to conve-
nience, patient comfort, minimal trauma and possible delegation
of treatments to ancillary personnel. Highly localized adminis-
tration is possible, and delivery can be achieved through absorp-
tion by dermal blood supply and distribution via the lymphatic
system.

New methods of transdermal delivery focus on techniques that
are efficient at delivering molecules to an appropriate treatment
site, thus avoiding the risk of a poor outcome. Disruption of the
stratum corneum can be achieved by electroporation or the cre-
ation of water channels or microconduits. In electroporation, ions
and molecules move through the stratum corneum by diffusion
and electromotive or electro-osmotic transport [1].

The DermaWave No-Needle Mesotherapy System (DermaWave
Company, USA and BTL Industries, Prague, CZ) uses three
sequences of electrical waveforms to deliver topical ingredients
transdermally. A prescription, conductive, active gel may be used
to address the underlying factors contributing to the formation of
cellulite, hyperpigmentation, photoaging and fat deposits. Tissue
is pretreated with a low-level, non-thermal, dual wavelength laser
cluster delivering a combined fluence of approximately 5 joules
cm?. Specific wavelengths used are 685 nm and 830 nm.

The laser component of the treatment is designed to increase
blood flow and cell permeability as a precursor to the delivery of
a proprietary mix of ingredients similar to that used in a standard
mesotherapy injection dose. Laser application is followed by three
phases of electrical stimulation the first of which, using electropo-
ration techniques, delivers the active substances to a chosen depth
in tissue. Second and third phase electrical waveforms focus on
muscle toning and stimulation of increased blood flow while the
third phase enhances lymphatic drainage.

Transdermal drug delivery is critically dependent on molecular
size and charge. Electroporation allows the entry of proteins and
micrometer-sized particles into cells and across the stratum
corneum (SC) [21]. The transport of large macromolecules is
hampered by the cross-linked keratin matrix within corneocytes
[21]. This method relies on the insertion of aquapores into the
skin (aquaphoresis) [22,23] which will create drug penetration
routes [24,25] thereby increasing the transdermal delivery of

drugs. Lipophyllic drugs passively diffuse across the SC and their
absorption is limited by the epidermis and dermis. Therefore
electroporation, a physical permeation-enhancing technique for
macromolecular transdermal transport, is used to enhance influx
of hydrophilic and lipophyllic drugs across the SC [25].

Electroporation is the transitory structural perturbation of
lipid bilayer membranes due to the application of high voltage
(HV) pulses (>100V). HV pulses are applied for a very short dura-
tion to enhance macromolecular transport reversibly by permea-
bilizing the SC [25]. The skin resistance drops by several orders
of magnitude during HV pulsing and is partly reversible [22].
In vitro transportation is increased up to four orders of magni-
tude compared to passive diffusion and the electrical fractional
area for small ion transport is approximately 0.1% [22]. Unlike
mechanical skin puncture, electroporation itself is self-localizing
to the SC, because initial high SC resistance causes most of the
transdermal voltages to be concentrated across the SC [21].

Electroporation differs from iontophoresis in the type of elec-
trical waveform used. Electroporation techniques always use
pulsed waveforms while iontophoresis current is constant. Con-
stant currents induce tissue accommodation where the body’s
natural defenses set up a resistance pattern to the stimulus and
active penetration depth is minimal. Studies [2] comparing ion-
tophoresis with electroporation show that iontophoresis delivers
100 times less drug than injection but provides higher local con-
centrations than oral administration.

In iontophoresis, the pathways that ingredients take are
restricted with the drug permeating the skin via appendageal
pores making delivery of actives via iontophoresis inefficient for
large tissue areas. Appendageal penetration is slow, so dilution of
the medication is a major factor influencing success. In contrast,
the number of transdermal pathways available via electroporation
is 500 times greater than with iontophoresis [2]. Medication is
delivered fast to the treatment site ensuring as much as 90% of the
medication strength is maintained.

For example, methylene blue, delivered by electroporation,
shows much greater penetration than dye delivered by iontopho-
resis. Delivery is enhanced by energy in the form of pulses, and
even at low electroporation levels delivery of MB was dramatically
higher than with iontophoresis [2].

Comparison of no-needle and injection delivery of medication
requires an objective determination of the depth delivery poten-
tial of the no-needle technique. Radioisotope lymphography
is used to establish molecule penetration and retention time in
tissue and employs a tagging technique that traces ingredient
passage through intact stratum corneum to sites in the extracel-
lular matrix and dermis. The technique monitors the retention of
ingredients in tissue at specified times as well as their presence in
the lymphatic system.

A small, instrumental study using radioisotope lymphography
was carried out to determine the effectiveness of the no-needle
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Figure 12.1 Anterior/superior area of right thigh.

technique. The DermaWave device utilizes techniques of mole-
cule delivery called threshold electroporation and aquaphoresis,
both of which facilitate transdermal delivery of different topical
active ingredients.

The study objective was to monitor absorption of the active
ingredients to a specific depth in tissue and to determine if they
were present after absorption in the lymphatic system of patients

Figure 12.2 The active gel with 99 mTc is shown in the lymphatic system.

with edematous fibrosclerotic panniculopathy (cellulite). The
study also sought to determine if the gel containing the active
ingredients was delivered to the required site of action and
was present in the lymphatic system at various time intervals
after treatment. The presence of the radioactive material in the
lymphatic system validates the study hypothesis.

The active ingredients are encapsulated in a standardized,
micronized gel specifically designed to be used with the device.
Study objectives were to monitor absorption of active ingredients
to a specific depth in tissue and to determine if the active ingre-
dients were present after absorption in the lymphatic system of
patients with cellulite.

e The study had a prospective, longitudinal, and double-blind
design. A total of 10 female patients aged 32 to 45 years were
selected.

All patients presented with the same pathology, mild lipodis-
trophy of the lateral area of the thigh, without skin retraction,
lipoedema, lymphoedema or phleboedema.

The patients were divided into two groups—the first group
received a regular ultrasound gel not containing active ingredi-
ents. The second group received the specially formulated micron-
ized gel containing the active ingredients.

Each of the gels was marked with 10 mCi of 99 mTc tecnesio
meta stable, in a mixing technique designed to homogenize the
samples. In all cases, the application was on the saddle bag area
of the upper right thigh, over a predetermined and perfectly
demarcated surface. After delivery of the gels, radioisotope lym-
phography was used as a non-invasive, instrumental method of
tracking the gel through tissue. The test was performed according
to standard methods. The radioactive substance used was 99mTc
tecnesio meta stable—selected due to the short average life of
the material at 6.4 hours at a level of 140Kev. This mix produces
substantially less risk of contamination to patients and operator.

One hundred prercent of the group receiving the permeation-
enhanced active material showed transdermal penetration
through an intact stratum corneum to the extracellular matrix
of the dermis in less than 20 minutes and even distribution and
retention in tissue up to 24 hours [3].

The images of the bilateral inguinal region and pelvic area under
treatment were recorded using a Gamma Planar device with colli-
mator immediately post-treatment and 2-4 and 24 hours after treat-
ment. After 24 hours a sweeping anterior thorax abdominal pelvic
scan was added using the anterior superior hip bone as a reference.

Radioisotope lymphography showed that all patients receiving
non-active ultrasound gel showed minimal penetration, with
most of the tagged material residing in the upper epidermis.

One hundred percent of the lymphography scans of the first
group showed no trace of the radioactive substance 99mTc.

The presence of gel with active ingredients: 1,3,7-trimethylxan-
thine, algesium, allantoin, aloe vera, aminophylline, amino acid
complex, antioxidant complex, sodium deoxycholate, grapefruit
seed extract, grape seed extract, green tea extract, melilotus, PC,
procaine, rutina, silica, trace minerals, xylitol, yohimbine in the
lymphatics confirms that transdermal diffusion has occurred.

Most importantly, the connective tissue, comprising the extra-
cellular matrix and lymphatic pre-collector vessels, has absorbed
the medication.
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Comparison: before vs after treatment
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Figure 12.3 Bisset scoring et al. The graph above compares the averages of the
before and after five treatments. From the above graph, results showed that there is
a significant change in the scores after the treatment.

An in vivo study from the University of Pretoria, South Africa,
observed the effects of the DermaWave No-Needle Mesotherapy
System on facial photoaging.

An in vivo study was conducted to observe the effects of the
DermaWave on photoaging through transdermal delivery of
a combination of agents, i.e. hyaluronic acid, retinoic acid and
DMAE. A five-week clinical trial was conducted where 15 volun-
teers were treated with the DermaWave. All volunteers showed a
reduction in photoaging. The system successfully increased trans-
dermal drug delivery and represents a safe, effective alternative to
painful needle mesotherapy.

In vitro effects of the combination of agents and individual com-
ponents on collagen synthesis and cell proliferation in chick embry-
onic fibroblasts were also studied. Hyaluronic acid, retinoic acid,
DMAE and the combination drug reduced the effects of photoa-
ging. Hyaluronic acid, DMAE and the combination drug increased
collagen synthesis in chick embryonic fibroblast cultures. In vitro
retinoic acid inhibited cell proliferation but when topically applied
is known to stimulate collagen formation in the upper dermis
and accelerate the repair process of photoaged skin. Crystal violet
staining showed an increase in fibroblast proliferation when treated
with dimethylaminoethanol, and a decrease in cell growth when
treated with retinoic acid and hyaluronic acid. Alcian blue staining
indicated enhanced collagen synthesis with dimethylaminoethanol,
hyaluronic acid and the combination of drugs.

Fifteen volunteers aged between 35 and 50 years with advanced
photoaging received facial treatment with the DermaWave system
for five sessions. Advanced photoaging is characterized by early
wrinkling, sallow complexion with early actinic keratoses.The
forehead and periorbital areas were divided into two regions

Table 12.1 Statistical analysis: Percentages of patients with coarse
wrinkles in various Bissett et al. scoring groups

Bissett et al. scoring Control Treatment*
0 20.0 26.67

1 13.3 53.33

2 53.3 20.0

3 13.3 0

* The treatment is significantly different from the control side p = 0.037, i.e. a
greater number of patients entered into the lower wrinkle grade.
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(b)

Figure 12.4 After 6 sessions with DermaWave, courtesy DermaWave.

left and right. Only one side of the facial area was treated with
the combination drug containing a combination of: HA, RA
and DMAE. In this single blind study sides were randomized
and each volunteer was used as their own control. Before treat-
ment photographs were taken and again one week after the fifth
treatment. Photographs were rated with the Bissett et al. wrinkle
scoring.

This system is a non-thermagenic transdermal drug delivery
system that transports the active ingredients in the treatment
gel to the mesoderm through aquaphoresis. DermaWave treat-
ments use two specific waveforms (635 nm and 850 nm) of
electrical energy to a) create “aquapores” and b) increase meta-
bolic rate by five to seven times, which results in an increased
blood flow and subsequent increase in fibroblast activity and
collagen deposition.
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Figure 12.5 Courtesy Dr. Mitch Chasin M.D. New Jersey.

DermaWave applicator with unit dose of medication

The voltage maintained on the forehead was 10V and periorbital
20V. The pain threshold of the volunteers varied from the highest
voltage of 30V periorbitally to the lowest 9V.

An in vitro model evaluation of active components on fibroblast
growth and collagen formation was conducted to verify success of
ingredient delivery.

Four-day-old chicken eggs (National Chicks hatchery). Trypsin/
Versene solution (0.25% Trypsin + 0.05% EDTA solution in
Ca +2 Mg +2 Free Dulbecco Buffer; HIGHVELD BIOLOGICAL
(PTY) LTD), RMPI-1640 medium mixture (medium made up with
powder obtained from: SIGMA-ALDRICH-CAT NO R6504-10L)
containing 10% fetal calf serum (HI FCS) (Adcock Ingram
Scientific, CAT. 14-501AI) and 1% pen/strep mixture (Adcock
Ingram Scientific, CAT. 17-602E), PBS (Phosphate Buffered Saline)
(Scientific Group), crystal violet (Merck), acetic acid (Holpro), alcian
blue (Merck), 2,5% formaldehyde, HA, RA and DMAE. Cell mor-
phology was evaluated using an OLYMPUS 1 X 70 light microscope
and the images were acquired under constant power and gain settings
using Motic Images software (Multicam 2000).

Chick embryonic fibroblast culturing: four-day-old chicken
eggs were incubated for six days at 37, 5-39 °C and 50% humidity.
Fibroblasts were isolated from 10-day-old chick embryos by
serial enzyme digestion with trypsin. One millilitre fibroblast cell

Table 12.2 Crystal violet and alcian blue staining

a) b)
Fibroblast growth Collagen synthesis
Drugs (Crystal violet) (Alcian blue)
DMAE + 4+ ++
Retinoic acid -— 0
Hyaluronic acid - +
Combination ++ + + 4+ +

a) Grading was done visually according to growth of fibroblasts. DMAE and the
combination drug increased fibroblast growth, whereas HA and RA decreased the
fibroblast growth.

b) Blue stain indicates collagen. DMAE, HA and the combination drug increased
collagen synthesis, whereas RA decreased collagen synthesis.

suspension was subcultured in 15 ml RMPI containing 10% FCS
supplemented with 1% pen/strep in a 75 cm? tissue culture flask.
Cells were incubated in 37 °C 5% CO, atmosphere for up to three
days. When fibroblasts reached confluency they were trypsinized
and counted with a hemocytometer and cultured in a 96-well
microplate at a density of 2 X 105 cells cells/ml. Cells at a con-
fluent density were treated with RA (10 ug/ml), HA (00 ug/ml),
DMAE (1 ug/ml) and the combination of these agents (10 ug/ml)
irrespectively for seven days. Fibroblasts were stained using two
other methods: crystal violet staining and alcian blue staining.

Results: In vitro model

la) b)
<) d)
e) f)
g) h)
2a) b)
<) d)
e) f)
g) h)

The in vitro results clearly show enhanced collagen and
fibroblast responses when the cell cultures were exposed to the
individual and combination of agents: HA, RA and DMAE.

Results: In vivo model

The main outcome of this study was reached. DermaWave™ treat-
ment of the skin using HA, RA and DMAE visually improved the
appearance of wrinkles significantly.

Conclusion

DermaWave electroporation of the combination drug containing,
DMAE, RA and HA resulted in a significant reduction of coarse
wrinkles after five treatments (one treatment per week). This is com-
parably better than reported results with mesotherapy in literature.

Crystal violet staining of in vitro cell cultures showed an
increase in fibroblast proliferation when treated with DMAE, and
a decrease in cell growth when treated with RA and HA as antici-
pated. Alcian blue staining indicated increased collagen synthesis
with DMAE, HA and the combination drug. Thus the combina-
tion drug showed an enhanced effect when compared to its dif-
ferent isolated components.

All volunteers showed a reduction in photoaging. The system
successfully increased transdermal delivery and was described as
a safe, effective alternative to painful needle mesotherapy [4].

In the case of cellulite formation, it is important to address the vis-
ible result of the condition as well as the underlying cause. Cellulite
deposits occur as the result of biochemical and metabolic alterations
at an interstitial matrix and connective structures level [7-14].

Current strategies for reduction of cellulite are focused on treat-
ments to reduce the external appearance of the disease. Reduction
of external dimpling represents only one aspect of cellulite for-
mation and does not address the many underlying causes of the
condition. Practitioners employing a single strategy to improve
the appearance of dimpled skin may be limited in offering patients
a viable long-term solution to their problem.

Transdermal delivery of medications is a major thrust to the
world’s pharmaceutical companies with upwards of 40% of new
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drugs being developed for this method. No-Needle Mesotherapy
is expected to transition from exclusively aesthetic applications to
other areas of interest in medicine [5].

Obviously, downsides for patients undergoing injection meso-
therapy are pain, erythema, potential for allergic reaction and the
bruising associated with any multiple injection strategy. For the
physician, injection techniques require personal involvement and
a well practiced technique.

The DermaWave No-Needle Mesotherapy System is a Class II
device using a dual wavelength laser, and three complex electrical
waveforms, delivered in sequence, to produce an effect called
threshold electroporation and aquaphoresis. [15-17]. The two
methodologies are delivered via a hand-held applicator and a series
of pre-programmed protocols to facilitate transdermal delivery of
permeation-enhanced topical ingredients. These ingredients are
formulated into a standardized ‘cocktail’ containing some of the
same ingredients used in injection mesotherapy.

The active ingredients are compounded in the form of micro-
molecules, in a proprietary, permeation enhanced gel [18].
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13 Endermologie-LPG Systems® after 15 Years

Pier Antonio Bacci

The treatment Endermologie®, patented by LPG Systems (Valence,
France), constitutes a true revolution in the field of physical
therapy both for clinical applications and aesthetics [1].

After 15 years of experience, we can certainly affirm this
methodology as the most important basic treatment for cellulite.
Associated with mesotherapy, it allows us to treat different forms
of cellulite offering various solutions, in the area of the aesthetic
and functional physiotherapy. It is the basic treatment around
which we can rotate other necessary methodologies according to
the cases.

This technique represents a revolution both the in the prin-
ciple and practical application of massage by maximizing the
traditional techniques of the physiotherapist. Endermologie®
is performed with unique equipment and various protocols for
different pathologies.

The equipment consists of a patented tool. The first instrument
was named “Cellu M6®” and its use provides various clinical and
aesthetic solutions, but it requires training.

After many experiences and studies, LPG produced different
versions and today we have the most recent version named “Key-
module 2i®” that allows stretching the skin in various directions
(Fig. 13.1). Endermologie® shows a clinical efficacy in cellulite
linked with well-documented circulatory, anti-edematous, der-
motrophic and lipolytic properties [2-9].

The modern instrument changes the use and the methodology
because we have sophisticated control of the different actions, an
easy application of treatments and the possibility to choose the
best probe for different areas and indications (Fig. 13.2).

The new Keymodule 2i® maintains the same idea of using only
compressed air, aiding the performance of various physiothera-
peutic maneuvers such as pumping, draining and stimulating the
vascular system.

The first maneuver is directed at muscles and tendons, the
second is mostly directed at lipodermal tissues. These maneu-
vers favor emptying of the venous and lymphatic systems with
the manual techniques described by Casley-Smith, Foldi and
Leduc [10-12].

The fingers of the physiotherapist can perform maneuvers of
grazing, pinching, slurring, compression and rotation of the tis-
sues, in additional to the classical “paper-roller” characterized
by movements of compression and rotation exploiting the elastic
return of the tissue which also stimulates fibroblastic function.

Endermologie® treatment enhances the execution of the
same maneuvers and operations performed with the fingers.
It’s therefore possible to perform stretching and traction at the
same time.

The aspiration system of the machine lifts the skin and
subcutaneous tissue inside the motorized handpiece as the oper-
ator works rolling up and moving the handpiece in the desired
directions. The equipment software allows the operator to per-
form “compression-rotation” or “rhythmic compression-rotation”

maneuvers. This allows the therapist an endless range of
therapeutic maneuvers to treat various pathologies or different
phases of a complex pathology. Such characteristics increase the
indications and fields of application.

To understand the concept and role of this complete and
complex medical methodology it is necessary to describe the
scientific principles and practical basis of some methods such as
massage and lymphatic drainage, focusing on some fundamental
principles of anatomy and physiology of the dermo-epidermal
tissues.

Anatomy and Physiology

The interstitial matrix

This constitutes and represents the true inside “sea” where all the
exchanges and all the vital cellular regulations happen, where life
begins and chronic illnesses and degenerative changes such as the
processes of aging occur. This is a substance that permeates every
space and is found as a solution or gel. The principal cells that
constitute it are the fibroblasts and the macrophages because they
provide continuous recovery of the tissue and anti-inflammatory
action.

Adipose tissue

Adipose tissue is, very probably, the most important tissue in the
body. It is a form of connective tissue with energy formation regu-
latory functions [13-17]. The representative cell of this tissue is
the adipocyte whose principal role is to maintain a reserve of fat,
in addition to acting as mechanical protection and assisting with
thermoregulation.

The quantity of adipocytes varies between individuals and
also varies between regions of the body. The variability is
based on genetics [18,19]. Above the muscular fascia is a pillow
of fat “parallel fat”, whose principal characteristic is reactivity
to the food/caloric intake, constituting an important cause of
obesity. Some regions of the body possess subfacial fat that
is referred to as “steatomery.” It is slightly sensitive to caloric
intake and insulin. To be able to lose 1 kg of steatomeric
fat one must lose 6 kg of systemic fat. Inside the abdomen
another type of fat, “intravisceral fat” also responds quickly to
caloric intake.

Adipose tissue is connected to the endocrine system through
hormones that act on the metabolism of the fats. They are divided
into two groups:

1. lipoclastic hormones (catecholamine, adrenaline, glucagons,
ACTH, TSH, thyroid hormones)

2. lipogenetic hormones (insulin, sex hormones, in particular
estrogens)

Endermologie acts on the skin and subcutaneous tissue,
connective tissue, fat tissue and the microcirculation both
arteriolar, venous and lymphatics [20,21].
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The new instrument “Key Module”

Using this methodology
we can have active action for:

= CONNECTIVE TISSUE

= VASCULAR SYSTEM

= METABOLIC FUNCTION

= ADIPOSE TISSUE

= STATUS OF THE SKIN

= COLLAGEN PRODUCTION
= LYMPHATIC DRAINAGE

Figure 13.1 Endermologie® facilitates different activities.

The Superficial Muscular Fascia
Treatment of this fascia is very important to have the best results
using Endermologie®.

Surgeons and anatomists have often ignored or denied the
importance of the superficial fascia of the body. For example, the
anatomical layer on which liposuction or liposculpture occurs is
really the superficial fascia, considered sometimes as a systemic
bandage: SFS (superficial fascial system). An interesting anatom-
ical and histological examination of the inferior limbs has shown
the presence of the “superficial fascia” as responsible for numerous
aesthetic alterations of the skin surface [22].

The depressions and elevations of the contour of the body
are explained by the anatomy of the superficial fascia and from
its relationships with the skin, the fat and the musculo-skeletal
system. The study of anatomy and the understanding of physio-
pathological exchanges of the superficial bandage system are not
only the basis for surgical correction of the silhouette, but above
all the basis for recovery in osteopathic therapies.

The Argentineans, Moretti, Schapira and Kaplan have
studied 20 patients, 10 males and 10 females withdrawing one
20cm by 4cm “lozenge” in the zone along the side and the knee.
Their anatomical study found the presence of a net of connec-
tive tissue that extends from the subdermal plane to the mus-
cular aponeurosis [23]. It is really this net that constitutes the
true superficial band and it is formed from various horizontal
septa of collagen and elastic fibers separated by fat lobules and
always crossed vertically by septa-type fibers. At the subdermal
level, the presence of the superficial fascia also constitutes a
connection with the deep dermis with bigger fibrous septa
woven among them in such way to provoke the separation of
adipose tissue in small compartments that organize the super-
ficial adipose tissue with the classic structure of a honeycomb
of bees.

This structural configuration constitutes the “bundle-dermal
system”, of great functional importance.

Even if anatomically a real plane of separation is not observed
among the superficial muscular fascia and the connective
fibers of the deep dermis we can deduce that, functionally and
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Figure 13.2 New instruments have different probes for different pathologies.

histologically, the continuous imbrications of fibers collectively
constitute this “hypodermic superficial fascia™

In thin patients the superficial band is well delineated and of
whitish color. In obese patients the great quantity of adipose tissue
stretches the superficial fascia and attenuates the end making it
difficult to recognize. The connective and elastic fibers are diluted
in the fat fabric and this can explain the error of some studies,
ones that put doubts on the existence of this superficial band.

Without doubt, in the facial zone over the iliac crest in men
appears as a deep band that is not found in the female sex. In
the women, instead, the fibrous band appears with the muscular
aponeurosis at a level of the subgluteous that constitutes the
base for the adipose tissue situated in this zone. This difference
explains the difference in the contour of the gluteus among the
two sexes.

The skin, the superficial fascia and the superficial fat must to
be considered as a system of protection and functional support.
This functional unity constitutes the support of the adipose fabric
and helps to prevent the abnormal location of this fabric in other
anatomical regions. The traction and stretching of the superficial
facial band and the superficial muscular fascia with Endermologie
is essential in the treatment.

Massage

Massage is an art, more than a therapeutic action that comprises
a feeling between the hand of the operator and the tissues of the
patient that must not be traumatized, but instead revascularized,
stimulated and cleansed. A well-done massage has to relax the
body and the mind to increase the skin temperature with stimula-
tion of the microcirculation which favors intercellular exchange.
A global massage of the body can have a sedative action and, at
the same time, stimulate the nervous system. But massage doesn’t
have to be violent or prolonged to avoid provoking lymphatic
congestion.

Manual Lymphatic Drainage
Lymphatic drainage is a physical method to reduce the stasis
of the lymphatic fluid and the toxic substances in the tissues.
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Figure 13.3 Endermologie allows a traction of the skin and connective fibers.

Lymphatic drainage is not traumatic but a gentle massage tech-
nique. Manual lymphatic drainage has its scientific basis in the
study and teachings of Foldi and Leduc [24,25].

It deals with a series of grazing and compressions on the lym-
phatic system to improve lymphatic flow. In the Vodder tech-
nique, lymphatic drainage becomes less physical and more
aesthetic in nature. Periodic cycles of manual lymphatic drainage
are recommended according to Vodder, particularly to main-
tain the tissues free from lymphatic congestion. We believe that
manual lymphatic drainage performed with the hands is the only
one that can give acceptable results.

The “Endermologie®” Technique

History and principles

Our experience with LPG Systems began in 1993. The French
engineer Louis Paul Guitay (LPG) developed a system to help care
for the fibrosis he developed as a result of violent trauma. This
resembled the movement performed by his therapists fingers,
including additional effects.

Sophisticated software allows for possible phases of con-
tinuous and sequential aspiration with mobilization of the tis-
sues, offering the therapist an endless range of possible inter-
ventions appropriate for various pathologies. So began a true
revolution in physiotherapy. Today scientific research has con-
firmed the effectiveness of this method [2-9]. This revolution
has also given birth to an important professional team formed
by the doctor/surgeon and physiotherapist, a union that is impor-
tant in the fields of the phlebolymphology.

What is Endermologie®?

It is patented equipment that works with two motorized rollers
between a vacuum suction with varying programs that lifts the
skin reaching the deepest structures (Figs 13.3-13.4).

The hands of the therapist can be helped by the integrated action of
this equipment allowing one to make the same physiotherapy maneu-
vers enriched by stretching the cutaneous tissue to be able to work
more deeply. The effect is mainly the stimulation of cellular metabo-
lism (fibroblasts, adipocytes) and the vascularisation with lymphatic
drain and a purification through manual lymphatic drainage.

To ensure proper treatment one must have:

1. Correct diagnosis to be able to apply the therapy or the fittest
program
2. Qualified personnel

Mechanism of action
Endermologie® possesses five complementary actions that allow
treatment of different types of tissue:

1. Mobilization of the tissues that characterize the different
structures with consequent activation of the arteriolar
microcirculation

2. Traction of the connective tissue with exercise of the skin

3. Activation of the reflected arcs and stimulation of fibrous
banding

4. Neurometabolic regulation with metabolic activation

5. Rhythmic compression of the tissues with lymph drainage
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Figure 13.4 Different directions of the rotation facilitates different activities.
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Together the stretching and the rhythmic compression of
connective tissue activate fat lobules to cause their shrinkage
with stretching of the fibrous septae.

The mechanical stimulations act on the mechanoreceptors
such as:

1. Corpuscles of Meissner are sensitive to the light stimulations
with activation of the fibroblasts.

2. Corpuscles of Water-Pacini, which are found in the deep
dermis and in the lipoderma, are sensitive to deep pres-
sure of the skin and vibration. They stimulate the activity of
the fibroblasts.

3. Corpuscles of the Golgi, sensitive to the light pressures, stim-
ulate fibroblasts and the regeneration of the collagen and
connective tissue.

4. Corpuscles of Merkel, situated in the epidermis, are sensitive
to vibrations and light pressure. They act on cellular meta-
bolic activity.

The hyperdistension of the subcutaneous tissue will acti-
vate the specific receptors to free substances such as the bra-
dychinen, histamine, serotonin and catecholamines. These act
on beta adrenergic receptors activating the adenocyclase with
an increase of the AMP to increase of tissue AMP, which in
turn stimulates protein kinase that activates intra-adipocytic
lipase with hydrolytic action on the triglycerides of the fat
cells.

To conclude, different methodologies can have different results
(Fig. 13.5).

You could hypothesize two principal actions.

The lightest treatment stimulates Golgi complexes to provoke:

1. Vascularisation

2. Stimulation of the receptors = Lipoclasis

3. Stimulation of the fibroblasts = Restructuring connective
tissue

Thus stimulation of the beta adrenergic receptors occurs with

1. Lipolytic action

2. Increase tissue AMP

3. Hydrolytic intra-fat action

4. Restructuring of connective tissue

The strongest and deepest treatment, with stimulation of the
Pacini corpuscles provokes liberation of bradichinen, histamine,
serotonin and catecholamine with:
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1. Increase free radicals
2. Alteration matrix

3. Flogosis

4. Fibrosis

Then we have a direct action on cicatrisation rather than toward
a restructuring.

Treatment phase

The physician and operator act as a team. The actual proce-
dure can be performed by the physiotherapist or osteopath
after the diagnosis is pointed out by the physician specialized in
phlebology, in the case of pathologies of the venolymphatic
system or from the dermatologist or cosmetic surgeon, in the case
of burns or scars that introduce fibrous retractions.

Various phases of application are:

1. Vascularising phase, to reactivate the cutaneous micro-
circulation

2. Drainage phase, to drain the lymphatic stagnation

3. Stimulation phase, to stimulate the fibroblasts and the
interstitial neurophysiologic systems

4. Invigorating phase, to stimulate the skin

5. Exercise phase, in which the patient actively collaborates
with isometric contractions pointed out by the operator to
produce tissue and muscle tonification

6. Visceral phase, always with the collaboration of the patient
along with specific maneuvers to stimulate abdominal
visceral activities

7. Lipomassage phase, to increase the metabolism of the fat tissue

Indications

a) Phebolymphology

This treatment enhances the possibilities offered by traditional
manual lymphatic drainage overcoming the traditional concept of
“emptying of the lymphatic vessels” with the concept of metabolic
stimulation.

Unlike the traditional therapies, performing lymphatic
drainage with Endermologie® allows one to possibly reduce the
necessity for high compression stockings or elastic bandages.
This means that the mechanism of action of treatment includes
activation of the autonomous nervous system and the interstitial
connective tissue [26-29].

b) Plastic and aesthetic surgery
The method here is a natural complement of liposculpture recov-
ering and remodeling the fat tissue decreasing complications
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Figure 13.5 Any type of skin can have its best treatment.
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(irregularities). In addition, Endermologie® will decrease the
incidence of seromas, edemas, alterations of the skin (fibrosis
and asymmetries) [30-34].

¢) Cellulitic syndromes

As discussed in previous chapters, cellulite is a condition com-
prised of various pathological expressions of vascular and/or
degenerative alterations of the connective tissue or interstitial
matrix, often in partnership with lipotrophy of the muscular
tissue. Cellulite should not be confused with obesity.

Obesity is when the fat tissue is above 30% of the quantity that
can normally be present, while cellulite is a transformation and an
alteration of subcutaneous interstitial tissues [35-45].

Endermologie® provides the basic treatment around which
many methodologies may be associated for a complete and
studied integrated protocol of treatment.

In addition to aesthetic alterations, various subjective symptoms
exist including cramps, pain to the touch, heaviness, livedo reticu-
laris, edemas and tiredness. Such symptoms represent important
diagnostic signs for the various cellulitic pathologies that are
classified in five fundamental groups [46-48].

1) Edematous cellulite

Characterized by orange-peel skin provoked by the stretching
of the connective fibers due to an excess of liquid. The prin-
cipal symptoms are: pain, edematous plasticity, sense of periodic
swelling and edema of the ankle.

2) Adipose cellulite

Characterized by the skin stretched by an excess of adipose
tissue, with particular increase of the fat “steatomery”. There
are no imbibitions of interstitial liquid, it is associated with
being overweight. Orange-peel skin is caused by the stretching
of connective tissue due to an excess of fat tissue. The prin-
cipal symptoms are no pain, no edema and no sense of periodic
swelling.

3) Interstitial cellulite
Characteristic of young subjects is the typical lipoedema which
is characterized by the superficial tissue of the thigh imbibed
with fluid and superficial adipose tissue. Orange-peel skin is
caused by the stretching of connective tissue from edema and fat
tissue.

The principal symptoms are pain and edema to the thigh, but
not the leg or foot. There is often a sense of swelling to the hands
[49-53].

4) Fibrous cellulite

The pathophysiologic point of view is characterized by dehydra-
tion of the cutaneous and fibrous connective tissue and fat with
the development of nodules of adipose tissue surrounded by
a sclerotic capsule. The orange peel appearance of the skin is
coarse and caused by the retraction of connective tissue fibers.
The principal symptoms are pain without edema.

5) Localized adiposity
They are lipomatosis and localized adiposity in subcutaneous
tissue or in the splitting of the superficial fascia. Their anatomic,

Figure 13.6 Endermologie® treatment may be useful for care or maintenance.

physiologic and pathologic evidence are completely different from
the cellulite. The surgeon will proceed to eliminate the localized
adiposity through excision or liposculpture.

Today we frequently use a lipolaser with microfibra of 100-200
microns connected by the Eufoton™ laser 940 nanometeres. Using
this methodology we can reduce the traumatic action of cannulas
and improve the retraction avoiding the irregularities of the skin.

After surgical treatment of liposculpture or mini invasive
treatment by lipolaser we can add six to eight sessions of Ender-
mologie® to complete the treatment and to have the best results
in short time. The therapist will begin treatments with lymphatic
drainage that aids in recovery.

Endermologie® can offer the possibility of good results without
surgical treatment in selected patients because we can reduce a
fat layer using a particular treatment named Lipomassage. In fact,
new LPG Integral stimulates fat tissue increasing its metabolic
activity and reducing its quantity with a good aesthetic result.

The method

Endermologie® is ideal in the treatment of the different forms of
cellulite but precise protocols of technique are necessary [54,55].
Three fundamental rules provide correct treatment are no pain, no
persistent vascularisation and a fluidity of the massage technique
from the operator. The therapist doesn't have to provide a strong
traction with the rollers; on the contrary, the technique should be
like a fluid sliding on the body garment. Another important rule is
to position the machinery at the foot of the table on the left.

Positioning LPG Integral in this manner allows the operator
to use both hands to massage the patient in a superior-inferior
direction (Fig. 13.6).

All the necessary maneuvers are performed, with slow move-
ments in the descending phase, respecting the tissues and
favoring the lifting and tonification. The manipulation of the
head must be compared to a painter’s brush that has to cover the
whole surface of the body within every treatment session.

In patients with predominant veno-lymphatic stasis, it is necessary
to begin the treatment from the abdomen, treating it in such way as
to prepare the lymphatic vessels to drain from the whole body as
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§10' i

LPG =2 6 sedute

Casistica Bacci - Leonardi & Coll

Figure 13.7 We can have good results in local adiposity too.

well as stimulate the muscular fascia, perivisceral fascia (kidneyand =~ body. Whatever the constitution and problem it is always best to
peritoneum) and the suspensor ligaments of the colon and liver. treat the whole body (Fig. 13.7).

The standard time of treatment, applicable to most cases is If we suggest good nutrition with a reduction of carbohydrates
of 35 minutes. More time may be devoted to subjects notably to low stimulation of insulin, our results will be rapidly increased
overweight where it is necessary to work on a single part of the (Fig. 13.8).

- 6 sedute

Figure 13.8 The association with protheic nutrition is very interesting.
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ENDERMOLOGIE—LPG SYSTEMS® AFTER 15 YEARS

Endermologie® treatment aims to bring plasticity, elasticity
and compactness to the skin and subcutaneous tissue, thanks to
the stimulation of connective tissue. The variations of technique
follow the clinical indications.

Conclusions

Endermologie-LPG Systems® certainly is not a panacea for
all pathologies but it is a real revolution in the field of physical
medicine, of physiotherapy and aesthetical physiotherapy [56,57].

The method one doesn’t consist of a massage but a real treat-
ment. To massage means to perform a local stimulation with a
local result. To make a treatment means to perform a systemic and
local stimulation with systemic and local results.

The use of Endermologie® never foresees the execution of
a massage or a lymphatic drainage but the execution of a treat-
ment finalized to the metabolic recovery and the stimulation of
connective tissue. This aspect represents the revolution and
the great difference is in comparison to the manual lymphatic
drainage. This is appropriate for cellulitic syndromes.

Endermologie® is a natural complement to cosmetic and
plastic surgery in the treatment of lipodistrophy and cellulite as
well as various forms of edema and lipolymphedema [58,59].
Endermologie®, for the first time, offers a particularly active treat-
ment in the activation of fibroblasts and the metabolism of the
interstitial matrix and, actually, it represents the more important
basic treatment for different forms of cellulite.

Particular biopsy shows the possibility of having a new activity
in the dermis and subcutaneous layer demonstrated by an
improved reticular dermis layer.

All other methodologies can be integrated with Endermologie
LPG Integral to have best results and few complications [60-63].

REFERENCES

1. PA Bacci. 1l ruolo della metodologia “Endermologie®’, in
“Le celluliti nel 2004, Minelli Editore, Arezzo; 2004.

2. C Monteux, M Lafontan. Use of the microdialysis technique
to assess lipolytic responsiveness of femoral adipose tissue
after 12 sessions of mechanical massage technique. JEADV
22:1465-70, 2008.

3. JF Bourgeois. A randomized, prospective study using the LPG
Technique in treating radiation-induced skin fibrosis. Clinical
and Profilometric analysis. Skin Research and Technology
14:71-76, 2008.

4. AL Moseley. Comparison of the effectiveness of MLD and
LPG Technique. Journal of Lymphoedema 2007, Vol 2, No 2,
30-36.

5. JP Ortonne. Treatment of cellulite: Effectiveness and sus-
tained effect at 6 months with Endermologie® demonstrated
by several quantitative evaluation methods. Nouv. Dermatol
23:261-69, 2004.

6. D Innocenzi. Evidenza delle modificazioni cutanee indotte
dalla tecnica LPG mediante analise d’immagine. Der-
moCosmetologia Anno II, no 1 - Gennaio/Marzo; 2003:
p- 9-15.

7. PA Bacci. Vibroassisted Liposuction and Endermologie® for
LipoLymphedema. The European Journal of Lymphology -
Vol. X - Nr. 35-36, p16, 2002.

8. D Adcock. Analysis of the effects of deep mechanical massage
in the porcine model. Plast. Reconstr Surg 108(1):233-40,
Jul 2001.

9. P Lattarulo. Physiological tissue changes after administration
of micronized Diosmin/Hesperidin, individually or in associ-
ation with Endermologie®. International Journal of Aesthetic
Cosmetic Beauty Surgery Vol. 1, no 2, p. 25-28, 2001.

10. JR Casley-Smith. Lymph and lymphatic, in “Microcircula-
tion” by G Kaley. and Altura Eds, Vol.I, University Park Press,
Baltimore, Maryland; 1977: 423-508.

11. M Foldi. Therapy of secondary lymphoedema, Med. Welt
28(41):669-1670, 1977.

12. A Leduc. Il drenaggio linfatico, Masson Italia editore, Milano;
1982.

13. P Ball, R Knuppen. Interactions between estrogens and cath-
ecolamines. ] Clin Endocr 34:736, 1972.

14. P Bjorntorp. The fat cells, a clinical view, Recent advances in
IT Obesity 1978.

15. P Bjorntorp, L Sjostrom. Number and sizes of adipous tissue
fat cells in relation to metabolism in human obesity. Rev
Metabolism 1972.

16. J Brunzel. Insulin and adipose tissue, International Journal of
obesity 1981.

17. ] Vague, P Bjorntorp. Metabolic complications of human
obesities, Ph. Vague (Eds). Excerpta Med., Amsterdam; 1985.

18. ] Vague. Las obesidades, Cuadernos de medicina estetica,
Solal - Masson (Ed.) Marseille France; 1990: n. 3.

19. JM Fain, RE Sheperd, Hormonal regulation or lipolysis. Adv
Exper Med Biol 111:43-79, 1979.

20. D Adcock, S Paulsen, RB Shack et al. Analysis of the cuta-
neous and systemic effects of Endermologie in the porcine
model, Aesthetic Surgery Journal. USA 18(6):414-22, 1998.

21. PB Fodor, ] Watson, W Shaw et al. Physiological effects
of Endermologie: a preliminary report, Aesthetic Surgery
Journal. USA 19(1):1-7, 1999.

22. PA Bacci. La fascia superficiale in “Bacci PA” —“Le celluliti’,
Alberti & C Editori, Arezzo; 2000: parte 4.

23. E Moretti, A Schapira, G Kaplan et al. La fascia superficiale,
Rivista panamericana de flebologia y linfologia. Junio; 1993: n.9.

24. M Foeldi. Symposium ueber die sogenannte Zellulitis.
Feldberg 1-2 Juni 1983.

25. A Leduc. Le drainage lymphatique, Theorie et pratique,
Masson; 1980.

26. PA Bacci. Price en charge de loedeme de I'insuffisance veineuse
cronique — Angiology Today - n.34:2,3,4, 1998.

27. PA Bacci. Il cosiddetto Lipolinfedema, Flebologia Oggi,
Torino - Atti Congresso Nazionale Collegio Italiano Flebo-
logia. Vol.2 N.1:27-32, 1998.

28. PA Bacci, D Klein, M Izzo et al. La patologia linfatica nel
Thigh Lifting, Atti Congresso Nazionale SICPRE, Vol.10,
323-31, Ribuffo 1996.

29. A Barile, P Petrigi. Nostra esperienza di impiego della tecnica
LPG, Atti 48 congresso SICPRE - Gubbio 1999 —pag. 745.

30. C Campisi. Il linfedema, aspetti attuali di diagnosi e terapia,
Flebologia Oggi. Minerva Medica Ed 1:27-41, 1997.

31. P Chang, A Erseg. Noninvasive mechanical body contouring:
(endermologie) A one year clinical outcome study update.
Aesthetic Plastic Surgery 22:145-53,1998.

97



32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

43.

44,

45.

46.

47.

98

CELLULITE: PATHOPHYSIOLOGY AND TREATMENT, SECOND EDITION

PB Fodor. Endermologie LPG, does it work?, Aesthetic
Surgery Journal. USA 21:68, 1997.

PA Bacci. 1l ruolo dellendermologia in medicina e chiru-
rgia plastica, Atti 10 Congresso Nazionale Medicina Estetica
SMIEM, Milano. 1999: 20.

F Albergati, PA Bacci, P Lattarulo et al. Valutazione sull’attivita
microcircolatoria della tecnica Endermologie LPG in paziente
con PEFS (1997) in “Le celluliti nel 2004”, Minelli Editore,
Arezzo; 2004.

M Comel. Histangeiologie et phlebologie, Folia Angiologica
7:3, 1960.

C Allegra, G Pollari, V Ribuffo et al. Pannicolopatia edemato-
fibrosclerotica. Minerva Mesoterapica vol.1, 1986.

PA Bacci. 1l lipolinfedema: riflessioni e osservazioni cliniche,
Flebologia Oggi. Torino Minerva Medica 2:10-21, 1997.

C Pierard. Cellulite, A.J.D. 22(1):34-37, 2000.

M Foeldi. Symposium ueber die sogenannte zellulitis,
Feldberg (Au); Ju.,1-2st 1983.

M Ceccarelli. Cellulite: approccio diagnostico e terapeutico.
Atti 10 Congr Multid Chir Plast e Invecch, Roma, Italy;
9/12 Nov 1989.

PA Bacci. Le celluliti, Alberti & C Editor, Arezzo; 2000:
40-46.

SB Curri. Aspect morphohistochimiques du tissue adipeux dans
la dermohypodermose cellulitique. ] Med Est 5:183, 1976.

M Binazzi, M Papini. Aspetti clinico istomorfologici in
“La cellulite” di Ribuffo - Bartoletti. Salus Ed Roma 7-15,
1983.

JF Merlen. La part de la cellulite dans la douleurs vasculaires.
Angiologie 3:21-24, 1966.

SB Curri. Liposclerosi e microcircolo, La dermoestetica
1:6-7, 1990.

PA Bacci. The code TCD: a new classification for cellulitis,
Atti Congresso Internazionale della UIP, International Union
of Phlebology, San Diego; 31 Agosto 2003.

PA Bacci, C Allegra, S Mancini et al. Randomized, placebo
controlled double blind clinical study on efficacy of a
multifunctional plant complex in the treatment of the so called

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

cellulites, Journal of Aesthetic Surgery and Dermatology
Surgery Vol. 5, No. 1, 2003.

PA Bacci, C Allegra, S Mancini et al. Valutazione clinica
controllata in doppio cieco di prodotti fitocomposti nel
trattamento della cosiddetta cellulite, in PA Bacci, S Mariani.
“La flebologia in pratica”, Alberti & C. Ed, Arezzo -Italy; 2003 -
ISBN 88.87936.595.

S Bilancini, M Lucchi. Proposition de classification des
grosses jambes. Plebologie 42(1):151-56, 1989.

S Bilancini, M Lucchi. Approccio al lipedema in Linfologia,
n.1:24-26, 1989.

PA Bacci. 1l lipolinfedema: riflessioni e osservazioni clin-
iche, Flebologia Oggi, Torino Minerva Medica N.2:pag.10.21,
1997.

S Bilancini, M Lucchi, S Tucci. El lipedema: criterios clinicos
y diagnosticos, in Angiologia 4(90):133-37.

M Binazzi, M Papini. Aspetti clinico istomorfologici, in
“La cellulite” ituffo— Bartoletti, Salus Ed. Roma; 1983: 7-15.
PA Bacci. La fisioterapia estetica e la tecnica LPG, Minelli
Editor, Arezzo; 2004.

PA Bacci. La tecnica LPG, in “S Mancini. & Coll, Trattato di
Flebolinfologia, Minerva Medica, Torino; 2007”.

PA Bacci. La cellulite da scoprire, Alberti & C Editori, Arezzo;
2003.

F Vinas. Drenaggio linfatico manuale, Les nouvelles esthet-
iques, RED Edizioni, Marzo; 1993.

R Seeley, T Stephens, P Tate. Anatomia e fisiologia, edizioni
sorbona, Milano; 1993.

FH Netter. Atlante di anatomia e fisiopatologia clinica,
Collezione CIBA edizioni; 1996.

FG Albergati, PA Bacci. La matrice extracellulare, Minelli
Editore, Arezzo Italy; 2004.

PA Bacci. Chirurgia estetica mini invasiva con fili di sostegno,
Minelli editore, Arezzo; 2007.

PA Bacci. Cirurgia estetica minimamente invasiva con hilos
tensores, Amolca Editor, Caracas; 2007.

PA Bacci, PL Rossi. Prevenire e guarire smagliature e cellulite,
Minelli editore, Arezzo; 2008.



14 The Use of the Tri-Active™ in the Treatment of Cellulite

Mitchel P Goldman

Mechanism of Action
Tri-Active, as the name implies, uses three mechanisms to treat
cellulite (Fig. 14.1). These three mechanisms, diode lasers, contact
cooling, and massage work together to restore the body’s normal
homeostatic environment. The Tri-Active device is equipped with
six 808 nm diode lasers that work directly on the endothelial cells
lining vascular walls stimulating arterial, venous, and lymphatic
flow as well as neovascularization (Fig. 14.2). The contact cooling
system decreases edema by causing an initial vasoconstriction fol-
lowed by a compensatory vasodilatation allowing for pooled fluid
to remobilize. The rhythmic massage, when performed in accor-
dance with the specific protocol developed, counteracts circulatory
stasis again mobilizing fluids by stimulating lymphatic drainage.
In review, cellulite is caused by the swelling of individual adi-
pocytes with increased fat storage, resulting in the obstruction of
vascular and lymphatic flow. The resultant edema impairs the met-
abolic exchange between blood and adipocytes eventually causing
the ensuing fibrosis which gives the cellulitic appearance. The Tri-
Active mechanism is based upon this hypothesis. The Tri-Active
device improves the circulatory system decreasing the edema that
may be present thus restoring cell homeostasis. In addition, the
massage stretches the connective tissue, smoothing the interface
between the dermis and epidermis.

Parameters

The parameters of the Tri-Active system can be manipulated to
optimize patient results, and will be detailed below. The depth
and intensity of the rhythmic massage can be controlled by the
frequency and duty cycle. The frequency (Hertz) measures the
number of aspirations per second. At higher frequencies a super-
ficial mechanical action is achieved, while lower repetition rates
stimulate deeper tissue. The duty cycle is the percentage of time
the aspiration is active between one aspiration and the next. For
example, a duty cycle of 70% indicates that the aspiration is active
70% of the time between the two aspirations. The higher the value,
the stronger the action. Thus by manipulating the duty cycle and
frequency one can increase or decrease the intensity and depth of
the message.

Low level light energy

Low energy lasers have been demonstrated to have beneficial
effects on wound healing and biochemical effects on endothelial
cells, erythrocytes, and collagen [1-5]. (See Chapter 17 for a com-
plete discussion of low level light energy).

Other Uses

The Tri-Active device has also been used before, during, and after
other surgical procedures including liposuction and abdomino-
plasty. We have noted a marked improvement in irregularities
when Tri-Active is performed after liposculpture. This improve-
ment may be due to the redistribution of dystrophic adipose cells.

Contra indications

As is true with other laser devices, Tri-Active should be used cau-
tiously in the following situations including pregnancy, active skin
infections, asthma, bronchitis, inflammatory/irritable bowel syn-
drome, heart failure, hyperthyroidism, hypotension, carotid sinus
syndrome, and tumors.

Treatment Protocol

Andrea Pelosi, physiotherapist, developed standardized full body
protocols to treat patients with either a gynoid or android/male
habitus. These protocols reflect his experience in manual lym-
phatic drainage [6].

Treatment of the body consists of an intensive phase of 12-15
treatment sessions that last 30 minutes each and are carried out
two to three times per week. Once this intensive phase of treat-
ment is finished, the maintenance phase follows with treatments
of at least one to two sessions a month.

A separate protocol exists for gynoid and android women.
However, only the gynoid protocol will be reviewed, as it is the
most frequently used. The treatment areas should be cleaned to
remove all lotions and sunscreen. Each phase should be repeated
three times unless otherwise noted.

In the initial phase, the abdominal and inguinal lymph nodes
are treated. This is followed by the visceral phase, used to stimu-
late the digestive system. The subsequent drainage phase involves
the transverse movements from the inner knees and continues
over the entire thigh. Complete the supine treatment by treating
the inguinal lymph nodes again (Fig. 14.4).

The patient is then placed in a prone position and the initial
phase is repeated with the stimulation of the posterior inguinal
node. The drain phase is also repeated, A transverse motion should
be carried out from the distal thigh to the proximal thigh. This
should be followed by a longitudinal motion, first on the thigh
(starting distally) and then on the lower leg (starting distally).
Carry out transversal and linear movements on the buttocks as
indicated in the figure. Stimulate the vascular pump of the foot
by passing the handpiece over the sole of the foot in a transversal
manner, starting from the heel. Carry out two to four aspirations
in each point, taking more time on the heel. Final lymph node
drainage includes the posterior inguinal lymph nodes and pop-
liteal lymph nodes.

Buttocks toning is performed in two consecutive steps; first at
low frequency for deep tissue mobilization, followed by a superfi-
cial smoothening at max frequency (Fig. 14.5).

Finally, the patient is repositioned in the supine position and the
abdominal and inguinal lymph nodes are retreated (Fig. 14.6).

Initial Clinical Studies
The experimental studies in Europe regarding the efficacy of
Tri-Active was conducted by Nicola Zerbinati, MD, assistant
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Figure 14.4 Body protocol.

Figure 14.1 The device.
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Figure 14.7 From clinical study by Andrea Pelosi and Nicola Zerbinati, MD.
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Figure 14.8 From clinical study by Andrea Pelosi and Nicola Zerbinati, MD.
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Figure 14.9 From clinical study by Andrea Pelosi and Nicola Zerbinati, MD.
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Figure 14.10 From clinical study by Andrea Pelosi and Nicola Zerbinati, MD.

(b)

Figure 14.11 (a) Before treatment, (b) After 20 treatments.
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(a) (b)

Figure 14.12 (a) Before treatment, (b) After 20 treatments.

professor of dermatology, University of Insubria, Milan, Italy [7].  circumference of the thighs and hips, plicometry, skin elasticity
Ten patients were enrolled and each treated with 20-minute  and thermography were recorded. All patients noted an increase
sessions three times a week. To evaluate the efficacy of the tech-  in skin tone and a reduction in the circumference of the areas
nique, all patients were requested not to change habits such as  treated. Detailed results of the intensive phase of treatments
diet, physical activity and lifestyle in general. Clinical observation, ~ are presented below.

(a) (b)

Figure 14.13 (a) Before treatment, (b) After 20 treatments.
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After 10 sessions:

Figure 14.14 (a) Lifting and firming
effect of the buttocks, (b) Improves the
surfaces and smoothes the skin.

(a) | (b)

Figure 14.15 (a) Before treatment,
(b) After 19 treatments.

(b)

Figure 14.16 (a) Before treatment,
(b) After 19 treatments.

(b)
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Figure 14.17 (a) Before treatment,
(b) After 19 treatments.

(a) (b)

(a) (b) Figure 14.18 (a) Before treatment, (b)
11 treatments, (c) Follow-up 30 days.

(c)
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Figure 14.19 From clinical study by Andrea Pelosi and Nicola Zerbinati, MD. Figure 14.22 Clinical study of Boyce S, Pabby A, Cuchaltkaren P, et al: Clinical
evaluation of a device for the treatment of cellulite: TriActive. Am ] Cosmetic Surg
2005;22:233-37.
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Figure 14.23 Clinical study of Boyce S, Pabby A, Cuchaltkaren P, et al: Clinical
T1 = 12.81% T2 = 16.93% evaluation of a device for the treatment of cellulite: TriActive. Am ] Cosmetic Surg
2005;22:233-37.

Figure 14.20 From clinical study by Andrea Pelosi and Nicola Zerbinati, MD.
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Figure 14.24 Clinical study of Boyce S, Pabby A, Cuchaltkaren P, et al: Clinical
evaluation of a device for the treatment of cellulite: TriActive. Am ] Cosmetic Surg
2005;22:233-37.

In the initial phase the abdominal and inguinal lymph nodes
T1 - .78% T2 - 24.03% are treated.

Andrea Pelosi, physiotherapist, conducted a subsequent study
to that of Nicola Zerbinati, MD, using the above protocol which
he designed and perfected. Pictures obtained during the intensive
Figure 14.21 From clinical study by Andrea Pelosi and Nicola Zerbinati, MD. phase of treatment are presented here (Figs. 14.11-14.21).
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Figure 14.25 Clinical study of Boyce S, Pabby A, Cuchaltkaren P, et al: Clinical
evaluation of a device for the treatment of cellulite: TriActive. Am ] Cosmetic Surg
2005;22:233-37.

A similar study to those presented above to evaluate the efficacy
of the Tri- Active without the lymphatic drainage protocol outlined
above confirmed the importance of lymphatic drainage [8]. Thir-
teen healthy females from 19 years old to 51 years old with a mean
age of 36.6 years, with a mean body mass index of 22.26 (19.2 -
29.3) were included in the study. (Normal: 18.5-24.9, Overweight:
25-29.9). Mean starting percentage of body fat of the subjects was
22.18%(16.46-31.02%). (Fit:21-24%and Acceptable:25-31%).The
subjects underwent biweekly treatments for six weeks for a total of
12 treatments. Treatments were administered locally only on the
hips and thighs. Measurement of results included waist, hip, and
thigh circumference, elasticity, and thermography.

Analysis of results included a subjective evaluation of pre- and
post-treatment photos by five blinded evaluators. An overall
improvement of 21% was noted among the treated patients. Most
notable improvement was in the appearance of cellulite (23%),
skin texture (16%), size (15%), and skin tone (14%). Most notable
improvement is shown in Fig. 14.26.

Thermography results evaluated in this study did not show
changes of mean temperature, or variations in uniformity of tem-
perature distribution in the treated areas. The results revealed a

Figure 14.26 After 10 treatments.
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trend towards modest, but steady improvements in hip and thigh
circumferences (Figs. 14.22-14.25)

Comparison to pre-treatment photos also suggests modest
improvements in the appearance of cellulite and overall appear-
ance, with those subjects starting with the least symptoms showing
the greatest degree of improvement (Fig. 14.26) Comparing these
results to those of the previous studies suggest the importance of
considering the entire system and method as a whole concept to
be diligently performed for maximizing results.

Dr. Michael Gold evaluated the Tri-Active on 10 females with
cellulite treated with 15 biweekly sessions [9]. Nine of the 10 sub-
jects completed the study and the one month follow-up period.
There were no significant changes in the subject’s weight. An
approximate 50% improvement in the visual grading scale was
noted in 80% of subjects.

Nootheti and Goldman performed the first comparative study
to determine the relative efficacy of treatment of cellulite using
two novel modalities, Tri-Active versus VelaSmooth [10]. Vela-
Smooth is based on a combination of two different ranges of elec-
tromagnetic energy which produce heat: infrared light and radio
frequency (RF) combined with mechanical manipulation of the
skin and also has been demonstrated to improve the appearance
of cellulite. (See chapter 15) Patients were treated twice a week
for 6 weeks with the randomization of Tri-Active on one side
and VelaSmooth on the other side. There were a total of 12 treat-
ments per leg. Cellulite grading was determined utilizing the
4 stage Nurnberger-Muller scale, measurements of thigh circum-
ference were taken before treatment and after the final treatment.
Visual inspection and photographic grading was quantified and
statistically examined.

In comparing efficacy between VelaSmooth treatment vs Tri-
Active treatment, we calculated a 28% vs. a 30% improvement
respectively in the upper thigh circumference measurements,
while a 56% vs. a 37% improvement was observed, respectively,
in lower thigh circumference measurements. These differences in
treatment efficacy, using the thigh circumference measurements
were found to be non-significant. (p > 0.05).

Based on before and after photographs that were blindly eval-
uated, we found that 25% (5 out of 19) of the subjects showed
improvement in cellulite appearance for both Tri-Active and
VelaSmooth. The average percent improvement based on random
photography grading from a scale of 1-5 (1 representing no
improvement and 5 representing most improvement) for the VelaS-
mooth vs. Tri-Active are 7% and 25%, respectively. This difference
is also found to be non-significant (p = 0.091). (Fig. 14.26).

Perceived change grade was also calculated based on random
side by side comparisons of before and after photographs.
Seventy-five precent (15 out of 19) subjects showed improvement
in the VelaSmooth leg while 55% (11 out of 19) subjects showed
improvement in the Tri-Active leg. The average mean percent
improvement was roughly the same for both treatments (22%
and 20%, respectively) and showed no statistically significant
difference (p > 0.05).

Incidence of bruising was reported in 60% of the subjects.
Bruising incidence and intensity was 30% higher in the VelaSmooth
leg than in the Tri-Active leg. 7 out of 20 subjects reported bruising
with VelaSmooth, 1 subject reported bruising with Tri-Active, 3
reported bruising with both VelaSmooth and Tri-Active. Extent of
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bruising ranged from minor purpura to larger and diffused bruises
that lasted for an average of a week with no intervention.

Our study revealed that both machines effectively reduced
the appearance of cellulite, however when using a p-value of
0.05 there was no statistically significant difference between
using Tri-Active versus the VelaSmooth in the reduction of
cellulite. Tri-Active provides low-energy diode laser, contact
cooling, suction and massage while the VelaSmooth provides
a combination of two different ranges of electromagnetic
energy: infrared light and radio frequency (RF) combined
with mechanical manipulation of the skin. After twice weekly
treatment for 6 weeks, there was no statistical significance
between the two units in upper or lower thigh circumference
measurements, randomized photographic evaluations, or per-
ceived change in before and after photographic evaluations.
Incidence and extent of bruising was higher for VelaSmooth
than Tri-Active.
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15 VelaSmooth and VelaShape
Neil S Sadick

Introduction

Cellulite is a major cosmetic problem, especially for women. The
condition is characterized by skin that resembles orange peels
or cottage cheese and the presence of dimples in the buttocks and
thighs. Cellulite may also occur on the upper arms, breasts, lower
abdomen, and other locations where adipose tissue is deposited
below the dermis and retained in chambers by subcutaneous
fibrous septae. As fat cells become larger, the fat chambers become
swollen and compress the surrounding tissue, trapping fluids and
making blood circulation more difficult [1]. Slim as well as obese
individuals may be affected and excess body weight may accen-
tuate the condition [2-4].

Cellulite has been treated by a variety of procedures described
in other chapters of this book. This chapter discusses the use of
the VelaSmooth (Syneron Medical Ltd., Israel) and VelaShape
(Syneron), both of which utilize Electro-Optical Synergy (ELOS)
technology and mechanical manipulation of the skin and fat layer
to non-invasively improve the appearance of cellulite. ELOS is a
combination of bipolar radiofrequency (RF) and optical energies.
The rationale of combining the two types of energy is that the RF
energy reduces the amount of optical energy needed to achieve a
therapeutic effect. Since RF energy does not heat the epidermis,
the likelihood of adverse effects such as scarring and skin pigmen-
tation is reduced [5].

The design of the VelaSmooth (Fig. 15.1) is based on the fol-
lowing principles. RF electrical current is known to heat bio-
logical tissue. The amount of heat produced is a function of the
tissue impedance, the square of the current intensity, and length
of time the skin is exposed to RF energy [6,7]. RF current is not
altered by skin type or the presence of chromophores. RF devices
may be monopolar, bipolar, or both. In monopolar devices, an
active electrode is placed in contact with the area to be treated
and a grounding electrode is positioned far from the active elec-
trode. When the device is activated, current flows through the
body from the active electrode to the grounding pad, heating the
tissue just beneath the active electrode. Since the energy dissipates
with distance from the active electrode, only a small amount of
heat is generated at the grounding pad. Monopolar RF current
penetrates to deep layers of the skin, but the pain during
treatment requires the use of anesthesia [7].

In contrast, electrodes of bipolar RF devices are positioned close
to each other and both are in contact with the area to be treated.
Rather than passing through the entire body, current from the
active electrode passes only through the tissue between the two
electrodes, following the route of least impedance [4]. Penetration
depth is approximately half the distance between the electrodes [7].
The temperature thus increases only in a well-defined volume
of tissue [4,8]. If a greater thermal effect on the target tissue is
needed, intense infrared light with chromophore-specific wave-
lengths may be used in addition to RF energy [9]. For example,
a combination of RF and IR energy has successfully heated deep

layers of tissue [1] and the addition of massage and suction to
such a system has been reported to improve the appearance of
cellulite [10,11].

Mechanism of Action

The VelaSmooth provides 10 to 100 watts of infrared power, 10
to 100 watts of RF power, 1 MHz RF frequency, and 150 mbar of
vacuum suction in 100 to 300-ms pulses, all delivered directly to
the skin through a handheld applicator. The IR light spectrum is
680 to 1500 nm and the treated area is 40 X 40 mm. The vacuum
suction prepares the skin to receive RF energy that penetrates
10 mm [1,5]. The vacuum suction improves circulation and
reduces dimpling by loosening connective tissue around the fat
deposits, whereas the IR and RF energies, by heating the skin,
enhance the rolling action of the massage unit. Both tissue bulk
and dimpling are thus lessened by the massage-induced increase
in lymphatic drainage [11].

Sadick and Mulholland have also proposed a mechanism by
which the VelaSmooth achieves its therapeutic effect [1]. When
the VelaSmooth delivers its infrared (IR) and RF energies to cuta-
neous tissue, the heat causes the tissue temperature to rise and the
local blood supply to the adipose layers to increase. The result is
an increase in oxygen availability and in dissociation of oxygen
from oxyhemoglobin, which are theorized to promote an increase
in fat metabolism. At the same time, the VelaSmooth’s mechan-
ical action breaks up the clusters of fat cells, stretches the fibrous
bands, and may also facilitate lymphatic drainage by stimulating
the removal of fat breakdown products.

Wanitphakdeedecha and Manuskiatti [12] suggested a mecha-
nism by which VelaSmooth treatment improves the bumpiness
and dimpling in cellulitic skin. The bumpiness is reduced when
the RF current heats adipose tissue at 5 to 10 mm depths, causing
lipolysis and fat chamber shrinkage. Penetration of RF energy is
enhanced as the rollers knead the skin. The heat also improves
peripheral circulation and diffusion of molecules in the treated
tissue, thus increasing fat metabolism. Dimpling improves as a
result of the repeated kneading of the skin between the rollers,
which ruptures fat cell clusters and temporarily stretches the
vertical septa and connective tissue.

Patients
Patients seeking treatment of cellulite are first evaluated by history
and physical examination. The best candidates have moderate
cellulite on the thigh and buttocks and skin contour irregulari-
ties that can be monitored regularly by photography as treatment
progresses. Treatment can be started when patients have been on
a regular diet and exercise program and maintained their weight
within 10 pounds for one month [10].

The location and severity of cellulite, previous treatments and
response to each, and medical history (diabetes, thrombosis, arte-
rial disease, pregnancy, lactation, patient expectations) should
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Figure 15.1 The treatment handpiece of the VelaSmooth device (Syneron Medical
Ltd., Israel).

be determined. Previous treatments include liposuction, meso-
therapy, deep tissue massage, or topical medications. Diabetic
patients may be eligible for treatment, but patients with a history of
deep venous thrombosis, arterial disease of the legs, or congestive
heart failure should not be treated. Pregnant and lactating women
are not optimal candidates due to their hormonal variations and
the lack of clinical data on the treatment of these women. Patients
who expect their cellulite to improve immediately after treatment
(by any modality) or who are not willing to undergo a series of
treatments for the best results are not good candidates. Finally,
patients with diseased, inflamed, or sunburned skin in areas with
cellulite are at risk for the development of postinflammatory

hyperpigmentation or other adverse effects after treatment with
optical energy, and should therefore not undergo treatment [10].

Patients treated with the VelaSmooth device are shown in
Figs. 15.2 and 15.3.

Treatment Protocol

The following is the protocol for a typical 30- to 45-minute ses-
sion in the author’s office. It is used for both the VelaSmooth and
VelaShape and is similar to those reported by Alster Tehrani [10],
Sadick and Mulholland [1], and Sadick and Magro [5].

1. Hydrate skin with >8 ounces of water up to 1 hour before
treatment.

2. If patient bruises easily, give arnica orally or sublingually
before treatment.

3. Photograph areas to be treated and record body weight and
circumference of thigh or buttocks.

4. Wash skin to be treated with mild soap and water to remove
powder, creams, or other material that may interfere with
treatment.

5. Dry skin thoroughly.

6. Hydrate skin with a conductive lotion provided by the man-
ufacturer; reapply during treatment if necessary.

7. Using the handheld applicator, treat with four to six passes.
Move the handpiece backward and forward several times
over the treatment area. Adjust energy levels according to
the patient’s comfort and tolerance. Use gentle but firm pres-
sure to ensure adequate contact.

8. Treat to erythema and a warm feeling in treated areas (5 to
10 minutes of treatment). These endpoints should disappear
in two hours.

Figure 15.2 A 37-year-old woman before (left) and after three treatments (right) with the VelaSmooth device. Photographs courtesy of Neil S. Sadick, MD.
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Figure 15.3 A 59-year-old woman before (left) and after eight treatments (right)
with the VelaSmooth device. Photographs courtesy of Neil S. Sadick, MD.

9. Hydrate treated area with plenty of water after treatment.
10. If patient was given arnica before treatment, instruct him or
her to continue taking arnica orally after treatment and to

apply gel containing arnica or vitamin K to treated areas.

11. Instruct patient to avoid hot baths and showers for 24 hours.

Treat twice weekly for four weeks and monthly (or less fre-
quently) thereafter for maintenance. Temporary bruising may
occur after the first several treatments.

Clinical Studies

The results of studies of the efficacy and safety of the VelaSmooth for

improving the appearance of cellulite are tabulated in Table 15.1.
Sadick and Mulholland [1] evaluated the efficacy by observing

changes in the circumference of the thighs and estimating

improvement (%) from photographs taken before and after treat-
ment. Energy levels depended on patient tolerance and comfort
and were increased with continued treatments. Patients were
treated until the appearance of erythema (5-10 min.).

All patients achieved some level of improvement in cellulite
appearance and skin smoothing as judged by comparing pre- and
post-treatment photographs. Physician-rated improvement was
very good to excellent in 23% of patients, good in 35%, and mild
in the remaining 42%. Average improvement in cellulite appear-
ance was 40% as judged by a blinded dermatologist. Histological
analyses of skin biopsy specimens of the lateral thighs taken from
three patients before treatment, after two treatments, and after
eight treatments showed no evidence of structural damage, either
epithelial or mesenchymal [1].

Alster and Tanzi [11] treated 20 adult women with moderate
bilateral thigh and buttocks cellulite. Treatments were given to
a randomly selected side (thigh and buttocks) while the other
side served as an untreated control. Efficacy was evaluated by
(1) thigh circumference measurements before each treatment and
at one, three, and six months after the final treatment session and
(2) clinical improvement scoring (0 = <25%, 3 = >75%) by two
independent, blinded medical assessors who compared pre- and
post-treatment photographs.

Eighteen of the 20 patients noticed overall improvement in the
appearance of cellulite and 17 would undergo treatment of the
untreated thigh. Bruising was limited to the initial sessions and
occurred only in two patients. Discomfort during treatment was
minimal or absent. Clinical benefit declined slightly at the three
and six month evaluations, suggesting that monthly maintenance
treatments may be necessary.

Wanitphakdeedecha and Manuskiatti [ 12] were the first to report
cellulite improvement one year after a series of treatments with the
VelaSmooth, and for both the thigh and abdomen (Table 15.1).

Table 15.1 Studies evaluating the efficacy and safety of the VelaSmooth device in improving the appearance of cellulite

No. of women  Location of No. of Tx Treatment Adverse Significance
Reference (Skin types) cellulite (interval) parameters Efficacy effects of Study
Sadick et al (1)* 35 (II-VI) Thighs, buttocks 8 to 16, twice RF =7, 14, or 0.8 inch mean Transient swelling, First study to show
weekly 20 J/cm* IR =5,  reduction (3.4%)  local crustingina the beneficial
10, or 15 J/cm?; in thigh few patients effect of the
vacuum = 200 circumference; VelaSmooth on
mbar (100, 200, maximum the appearance of
300 ms) reduction cellulite; included
2 inches histological
studies
Alster et al (11) 20 (I-V) Thighs, buttocks 8, twice weekly RF =20 W;IR =  Thigh Transient First controlled
20 W; vacuum = circumference erythema, study to show the
200 mbar reduced by 0.8 bruising efficacy and safety
cm (1.4%) on of VelaSmooth
treatment side,
no reduction
in untreated
sides; overall
improvement
in 90% of
patients; mean
improvement
score ~50%
(Continued)
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Table 15.1 (Continued)

No. of women  Location of No. of Tx

Reference (Skin types) cellulite (interval)

Wanitphakdeedecha 12 (III-V) Abdomen, thighs ~ 8-9, twice
etal (12) weekly
Nootheti et al (13) 20 (not reported)  Thighs (lower and 12, twice
upper) weekly
Sadick et al (5) 20 (I-VI) Thighs (lower and 12, twice
upper) weekly
Romero et al (4) 10 (II-1V) Buttocks 12, twice
weekly

Treatment

parameters

RF =20 W; IR =
20 W; vacuum =
200 mbar

RF = 1 Mhz
IR, vacuum not
reported

Highest energy
levels patients
could tolerate;
vacuum
optimized for
each patient;
circumferences
of thighs
measured at
two locations
before and after
treatment

Highest energy
levels patients
could tolerate;
one buttock
treated and the
other served as
control; treated
skin surface
evaluated
optically at
baseline, before
final treatment,
and 2 months
after final
treatment; biopsy
samples taken

Efficacy

Abdomen
and thigh
circumferences
reduced 4.04%
and 3.50%,
respectively, at
week 4; mean
improvement
score ~ 25% for
abdomen and
~50% for thighs.

Lower thigh:
28% of subjects
reduced
circumference;
upper thigh:
56% of subjects
reduced
circumference;
25% of subjects
improved
appearance of
cellulite; 7%
of subjects
improved
smoothness of
skin;

0.44 cm overall
decrease in
lower thigh
circumference
(0.85%), 0.53
cm decrease
for upper thigh
circumference
(0.90%);
>51% visual
improvement
seen in 50% of
subjects at final
(8-week) follow-
up visit

Improvement
evident in all
patients after
1st session
and continued
throughout
study period; all
patients satisfied;
histological
analyses
suggest clinical
improvement
due to dermal
firmness, fiber
compaction, and
tightened layers
of skin

Adverse Significance
effects of Study
Blister on thigh of  First study to

1 patient evaluate long-
term efficacy of
VelaSmooth
Bruising in 7 First study to
patients compare the
VelaSmooth and
Tri-Active
Mild discomfort, ~ Controlled study
swelling, bruising  showing safety
and efficacy

Pain bearable and  First controlled
erythema lasteda  study to provide
few hours objective (optical)

data on skin
surface at various
stages of treatment
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Figure 15.4 The VelaShape device (Syneron Medical Ltd., Israel).

N, -

Figure 15.5 The pretreatment subcutaneous layer of large fat cells (adipocytes)
below the numerous white strands of connective tissue. Note the white connective
tissue fibers that form the fat chamber’s septae and the red blood vessels.

i

Figure 15.6 Diagram showing the skin layers raised by the vacuum between the
rollers. The dermis and hypodermis are now closer to the sources of infrared (IR)
and radiofrequency (RF) energies, permitting deeper access and faster heating of
both the dermis and hypodermis. Thus, the IR energy heats the dermal layer up to
5 mm deep, and the RF energy heats the hypodermal layer up to 15 mm deep. The
outcome of the treatment is described in Fig. 15.7.
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Figure 15.7 After treatment, the fat cells have diminished in size, but did not rup-
ture due to heat-stimulated metabolism of fat cells, mainly IR and RF-induced
lipolysis. The heat has also shrunk the connective tissue fibers, resulting in skin
tightening. Excess intercellular water and metabolic products have been removed
by lymphatic drainage facilitated by the mechanical massage of the rollers. The
overall response to treatment leads to circumference reduction and cellulite
improvement.

For the thighs, mean circumference reductions were 6.23% imme-
diately after the final treatment, 6.26% four weeks later, and 5.50%
one year later. Mean reductions for the abdomens were 6.32%,
4.04%, and 4.64%, respectively. These results suggest that most of
the circumferential reductions are maintained for at least one year
after the final of eight to nine treatments at two per week.
Nootheti and colleagues [13] compared the efficacies of the
VelaSmooth and Tri-Active (Cynosure, Westford, MA) for the
treatment of cellulite. The Tri-Active device uses a combination
of low-energy diode laser, cooling, suction, and massage. Effica-
cies were judged by numbers of patients that showed improve-
ment, so actual values of circumferences were not reported. As
in earlier studies, improvements were evaluated by comparing

Figure 15.8. A 39-year-old woman before (top) and after 7 treatments (bottom)
with the VelaShape device. Photographs courtesy of Neil S. Sadick, MD.
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Figure 15.9 A 47-year-old woman before (left) and after 6 treatments (right) with the VelaShape device. Photographs courtesy of Neil S. Sadick, MD.

photographs. The authors concluded that both systems improved
the appearance of cellulite to roughly the same degree.

Sadick and Magro [5] showed that the thighs of half of 16
subjects improved more than 25% after 12 treatments. One thigh
was treated and the other thigh served as a control. Each thigh
was measured at two locations. Significant visual improvement
in skin texture and in the appearance of cellulite were noted
at the four and eight week follow-up visits by the investigator
and an independent evaluator. Thigh circumferences showed a
statistically significant decrease only at the four-week follow-up
visit, suggesting that maintenance treatments would be necessary
to preserve positive results. The authors attributed the transient
bruising in five patients to the mechanical manipulation of the
skin during treatment. Histological analyses of biopsy specimens
from two patients did not reveal morphological changes that cor-
related with clinical improvement in the appearance of cellulite.

Romero and colleagues [4] evaluated improvement before
and after treatment at several time points by two methods: (1)
optical analysis of the skin surface to assess changes in tissue
depression depth and roughness using three-dimensional profi-
lometry software and (2) patient and blinded clinician evaluation
of photographs. The profilometric data showed improvement in
skin characteristics at all assessment points. The blinded clini-
cian assessments were generally more positive than the subjec-
tive patient assessments, except at the final, two-month follow-up
assessment. At the end of the study all participants wanted their
untreated buttock to be treated with the VelaSmooth.

Skin biopsy specimens were taken from the buttocks of six of 10
patients before treatment, 2 hours after the first treatment, and two
months after the final of 12 treatments. Specimens taken after the final
treatment showed improved epidermal and dermal morphology
due to tightened dermal collagen and improved organization of

epidermal cells compared to the baseline samples. Specimens taken
2 hours after the initial treatment showed dermal fibers aligned
with the dermal-epidermal junction, contraction of the papillary
dermis, and adipocytes moved close to one another compared with
baseline samples. The authors suggested that these histological
changes may be due to microinflammatory stimuli produced in the
treated tissue and subsequent standard tissue repair.

Velashape
Like the VelaSmooth, the VelaShape (Fig. 15.4) delivers bipolar
RF energy, IR light energy, and vacuum suction pulses to the skin
surface with a handheld applicator. RF energy penetrates 2 to
20 mm whereas IR energy penetrates up to 3 mm beneath the
skin. The vacuum system is the same on both devices. RF power
is available at 50 rather than 20 watts (as in the VelaSmooth). The
increase in power allows the user to heat the tissue faster, leading
to improved efficacy without additional pain or adverse effects.
Treatment duration is also shortened by approximately 30% and
fewer treatments (4-6) are required to achieve clinical benefit.
For example, patients requiring a 16-treatment protocol with the
VelaSmooth can achieve a similar result with only four to six treat-
ments with the VelaShape. Additionally the VelaShape platform is
available with the VContour applicator. This applicator is smaller
and designed for harder to reach areas such as the arms and neck.
Recently VelaShape II has been released, which has made further
improvements to the ELOS technology. The new platform reduces
treatment time by 20% by allowing a higher energy output of
75 W. Additionally it features an advanced ergonomically designed
handpiece as well as a new and improved massage system that is
completely noiseless and increases patient comfort.

The principles of operation of the VelaShape are shown in
Figs. 15.5-15.7.
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Patients treated with the VelaShape device are shown in Figs.15.8
and 15.9.

Conclusion

The efficacy and safety of the VelaSmooth device has been shown
repeatedly in various studies. The VelaShape promises to reduce
treatment duration and number of treatments to achieve clinical
benefit comparable to that of the VelaSmooth.
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16 Accent® Unipolar Radiofrequency
Jane Unaeze and David ] Goldberg

Radiofrequency technology dates back to the 1920’s with the
introduction of electrocautery. Over the decades, it has been used
in multiple specialties for cauterization and ablation. Recently, the
use of radiofrequency emerged a non-invasive, non-ablative tech-
nology that uses volumetric thermotherapy modify the connec-
tive tissue septa and fat in the treatment of cellulite [1]. Although
there is no consensus on the etiology of cellulite, growing evidence
suggests that a decrease in the microcirculation and weakening
of connective tissue with subsequent herniation of subcutaneous
adipose tissue into the dermis play a role in its pathogenesis [2,3].
Existing treatment modalities for cellulite range from exercise,
weight loss, vibrating machines, suction devices, topical creams,
mesotherapy, injectables, surgical subcision, lasers and recently
in the last decade radiofrequency devices. The proposed mecha-
nisms for efficacy of radiofrequency in cellulite treatment include
thermal injury leading to tightening of dermal fibrous septae, for-
mation of new collagen and collagen remodeling; improved local
blood circulation; dissolution of fatty acid and thermal-induced
fat cell apoptosis [4,11].

Radiofrequency devices deliver energy in the high frequency
electromagnetic spectrum in the 0.3 to 100 MHz range [6] capable
of producing temperatures of 65 to 75°C in biologic tissues. The use
of radiofrequency in aesthetic dermatology has historically been
used in one of two ways: monopolar and bipolar. A monopolar
handpiece delivers energy as current between a single electrode
tip and grounding plate while a bipolar handpiece applies energy
between two points on the tip of a probe [3]. Unipolar radiofre-
quency is different in that electromagnetic radiation is delivered
rather than current and no grounding plate is necessary [3].

The Accent® system (Alma Lasers Inc, Ceasaria, Israel; Fort
Lauderdale, FL) is a novel device with a base radiofrequency gen-
erator (40.68 MHz) that delivers electromagnetic energy to the
patient’s skin through unipolar and bipolar handpiece applicators
making functional delivery of energy to different depths possible
(Figs. 16.1-16.3). It gained US Food and Drug Administration
(FDA) cleared approval in 2007 for the treatment of rhytids. It is
currently the only unipolar radiofrequency device that has been
evaluated for cellulite treatment. Both handpieces are equipped
with treatment tips with a built-in continuous cooling system that
lessens the risk of epidermal burn [4]. The depth of penetration of
heat into the tissue can be modified by varying the level of penetra-
tion of the treatment tip and the energy applied [5]. The ability to
control the depth of heat that penetrates into the treated tissue
using either a unipolar or bipolar applicator makes the Accent®
device an attractive therapy for the treatment of cellulite. This
chapter focuses on the Unipolar Accent® radiofrequency system
for cellulite therapy.

Unipolar radiofrequency energy waves oscillate at a high
speed with rapidly alternating electromagnetic fields that dis-
place charged molecules resulting in the rotational movement of
water molecules. Such high frequency oscillations produce heat

(electrothermolysis) that is dissipated to surrounding tissue
depending on the electrical properties of the tissue in contrast
to optic energy that depends on the concentration of the chro-
mophore on the skin to achieve the desired effect [3,6]. Controlled
thermal injury may result in tissue shrinkage and an inflammatory
response with influx of fibroblasts into the treated area leading
to neocollagenesis and tightening of the fibrous septa in the
dermis, all of which contribute to improving the appearance of
cellulite [4,6].

There are some differences between the unipolar and bipolar
handpiece applicators of the Accent® device. The radiofrequency
power for the Unipolar and Bipolar Accent® handpieces are 100
to 200 watts and 60 to 100 watts respectively. As a result of the
higher power, the Unipolar Accent® handpiece heats a greater
tissue volume than the Bipolar Accent® handpiece. Bipolar radio-
frequency system delivers heat through tissue impedance (Ohm’s
law) while the Unipolar Accent® system induces rotation of water
molecules to produce heat and delivers radiofrequency energy to
subcutaneous adipose tissue up to a depth of 20 mm. In contrast
the bipolar system, which delivers energy to a depth between 2 to
6 mm, handpiece is useful in treating superficial areas with thin
dermis such as the forehead and neck.

The area to be treated is generally marked in grids of 5 X 6 cm
(with 15 seconds exposure time) or 10 X 6 cm (30 seconds expo-
sure time) and lubricated with treatment oil to lessen friction. The
handpiece is applied to the skin in a continuous fashion with two
phases of treatment. In phase I, a therapeutic threshold of ~41°C
is reached; in phase II multiple passes are applied to the treat-
ment area leading to homogeneous erythema. Treatments can be
repeated up to six to eight times spaced two weeks apart [4].

One of the leading theories on the etiology of cellulite is that
a weakened connective tissue lattice in the deep dermis causes
herniation of subcuticular fat into the dermis [3]. In cellulite, the
microcirculation deposits more fat and retains more interstitial
fluids. Fat cells are stored in large groups found between the skin
and muscle and separated by fibrous septae. With weight gain,
fat cells expand, causing the gap between the muscle and skin to
expand. This leads to increased tension on the fibrous septa which
might not be able to support the skin. Subsequently, fat cells in the
subcutis are pulled into the connective tissue fibers leading to the
dimpling of the skin seen in cellulite.

Heating of collagen breaks heat-sensitive bonds and causes
denaturalization, a transition process in which the collagen pro-
tein transforms from a highly organized crystalline structure to a
disorganized gel, which occurs at 65 to 75°C [6]. This temperature
range correlates to a surface temperature of 40 to 43°C. The
denaturation of collagen caused by the thermal injury is hypoth-
esized to stimulate a wound-healing response where heated
fibroblasts are stimulated to produce collagen [5]. Various heat-
induced factors affect the behavior of the connective tissue and
the amount of tissue contraction. These factors include the peak
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Figure 16.1 The Accent® System. www.almalasers.com

temperature, delivery time of the radiofrequency and the applied
mechanical stress during the heating process [6]. Thermal proper-
ties of tissue can also be influenced by age, pH, electrolyte milieu,
the concentration and orientation of collagen fibers, and the
hydration levels of the tissue [2].

After the heat-induced wound healing begins, collagen contrac-
tion occurs through an unfolding of the triple helix when

Figure 16.2 Accent® unipolar handpiece.
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Figure 16.3 Accent® bipolar handpiece.

crossed intermolecular bonds, which are sensitive to heat, are
destroyed. In addition, it has been suggested that radiofrequency-
induced injury causes collagen contracture due to the breakdown
of extramolecular hydrogen bonds with subsequent tightening of
the skin [6,7].

There are no conclusive studies showing a direct correla-
tion between temperature and connective tissue contraction.
Dermal fibrous band thickening as well as contraction between
Camper’s fascia and the dermis are possible mechanisms that
may contribute to the clinical tightening seen in patients treated
with the Accent® device as demonstrated by MRI and ultra-
sound [6,8]. It has also been proposed that lymphatic drainage
of the dissolved fat occurs but this remains to be proven. Radio
frequency-induced heating of deep tissue may also improve local
blood circulation thereby promoting drainage and replenishment
of retained fluids and catabolic products [6]. Induction of rapid
oscillations of water molecules by the Unipolar Accent® system
would appear to facilitate formation of a uniform and sustained
volumetric dermal heating for cellulite treatment [5].

Studies showing improvement of cellulite after radiofrequency
therapy are limited by a lack of large randomized control trials,
short-term follow-up, and lack of universal standards for assessing
the efficacy of treatments studied. In a study by Del Pino and col-
leagues, 26 females with grade 1 to 3 bilateral cellulite on thighs and/
or buttocks received two treatments of unipolar radiofrequency
spaced 15 days apart using the unipolar Accent® radiofrequency
system. About 70% of the patients showed up to 20% improve-
ment in cellulite appearance as measured by contraction of the
distance from dermis to muscle and dermis to Camper’s fascia in
thigh and buttocks using ultrasound measurements [6]. We also
demonstrated the efficacy of the Accent® unipolar device for the
treatment of cellulite [8]. In our study, 27 of 30 patients with grade
3 to 4 cellulite of the upper thighs were treated every other week
for six sessions with the Accent® unipolar device and showed a
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Figure 16.4 Pre-treatment left posterior thigh (Goldberg et al 2008).

mean decrease of approximately 1 inch in leg circumference. There
was post-treatment dermal fibrosis without any gross changes in
the subcutis noted by MRI. Treatment results lasted at least six
months (Figs. 16.4-16.5). In addition a randomized, blinded, split
design study compared treated versus untreated control thighs in
ten patients with grade 2 to 4 cellulite using the Accent® unipolar
device. Three months after the three to six treatments up to 10%
improvement was noted in dimple density and distribution. Only a
2% improvement in depth of dimple was observed [3].

Patients are usually able to continue their daily activities unin-
terrupted afOter Unipolar Accent® radiofrequency therapy which
offers a short treatment session with minimal side effects. Risks
of pigment alteration, infection, bleeding, and scarring associated
with other modalities such as surgery and laser resurfacing are
significantly reduced because radiofrequency is not influenced by
competing chromophores on the skin surface [9]. Limitations of
the Accent® system include a requirement for multiple treatments
to produce a mild to moderate improvement. Given the potential
role of fat in the etiology of cellulite, a reasonable concern has been

Figure 16.5 Post-treatment with tightening of skin 6 months after treatment
(Goldberg et al 2008).

(b)

Figure 16.6a and 6b Right thigh after four treatments at 3 months follow-up
with left thigh as control (Alexiades-Armenakas et al 2008).

the possible effect of the cellulite therapy on fat metabolism in the
body. However, there are currently no reports of changes in patients’
weights, blood lipid profiles or MRI analysis of the fatty layer [8].
Other recent monopolar radiofrequency devices used in cellu-
lite therapy include ThermaCool® (Thermage, Inc, Hayward, CA)
which like the Accent® radiofrequency device is also FDA cleared
for rhytids. This device, with a new large treatment tip, is now also
being used for cellulite treatment. Eventually there will be large
studies comparing these two modalities for cellulite treatment.
Mayoral reported the case of a patient with upper extremity laxity
who received only one treatment with ThermaCool® on one arm
while the Accent® treated the other multiple times. Both treatments
resulted in improvement of skin laxity but statistical significance was
not evaluated [10]. Electron microscopy of post-treatment biopsies
of two patients treated with ThermaCool® showed an increase in
collagen fibril diameter with blurring between collagen fibril bor-
ders up to 5 mm at the 8-week follow-up. The larger diameter of the
collagen fibril seemed indicative of shortening of the fibrils [7,9].
Thermal injury is also thought to play a role in stimulating a wound-
healing response with the ThermaCool® radiofrequency device [7].

17
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(a)

(b)

Figure 16.7a and b Right thigh after three treatments at 3 months follow-up
with left thigh as control. (Alexiades-Armenakas et al 2008).

The VelaSmooth® device is FDA cleared for the treatment of
cellulite. This technology combines bipolar radiofrequency, infrared
light and vacuum suction. Studies have shown that up to 12 treat-
ment sessions twice weekly may be required [12,14,15]. Tri-Active®
is a diode laser combined with massage therapy also used in cellu-
lite treatment. A study comparing the efficacy of the VelaSmooth®
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(a)

(b)

Figure 16.8a and b Right thigh after three treatments at 3 months follow-up
with left thigh as control. (Alexiades-Armenakas et al 2008).

and Tri-Active® failed to show any statistical difference in treated
patients. No studies have compared the Accent ® device to these.
Most patients seem to tolerate radiofrequency therapy well
and no major serious adverse events have been reported. Some
of the reported side effects with the Accent® unipolar radiofre-
quency device include small blisters and ecchymosis which usu-
ally resolve within a few days without complications. Mild heating
sensation and persistent erythema following treatment have also
been reported but these generally resolve within 24 hours [3].
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(a) (b)

Figure 16.9 a and b H & E of Subcutaneous fat: Severe thermal damage after unipolar exposure at 150 watts www.almalasers.com

Accent® radiofrequency treatment offers a promising option
for patients who are poor surgical candidates for body contouring
or are hesitant about surgical cellulite treatments. Further studies
are needed to evaluate the effect of treatment on different tissue
depths, impact on factors such mRNA and the extracellular com-
ponents of cellulite [7].
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1/ Scientific Bases for the Use of Low-Level Light Energy on the Treatment

of Cellulite
Gordon H Sasaki

Cellulite, referred to as skin dimpling, dells and nodularities, is
most commonly located in the upper lateral and posterior thighs
and lower buttocks. This condition represents a frequent physio-
logic and unsightly appearance, whose classification [1-2], etiology
[3-7], anatomy [8] and management [9-11] are subjects of con-
tinued deliberation. Despite its prevalence and intensive interest in
the lay and medical press [12], no agreement exists on the causes of
its presentation, thereby confusing efforts to manage it.

Cellulite expresses itself most commonly in postpartum
women [26] who demonstrate an increased number or volume
of adipocytes in certain predictable locations. During pregnancy,
females may begin to exhibit the early stages of cellulite on
their lower abdomen, thighs and buttocks. It is of interest that a
woman’s body possesses about 21 to 22 billion adipocytes, while
men have only about 17 to 18 billion cells. Infrequently, cellulite
may be seen in women with normal body fat distribution and body
weight ratios. Cellulite is rarely detected in men, even though they
mayaccumulate increased fatty girths around theirlower abdomen,
hips and lumbar regions. Furthermore, this gender-specific pre-
disposition is corroborated at the histological level, not only by
the presence of thinner, arched and almost perpendicular and
parallel supporting septae [3], but also by a more irregular dermo-
hypodermal boundary produced by increased normal protrusions
of adipocytes that accompany the numerous adnexal structures
(hair follicles, sebaceous glands) into the reticular and papillary
dermis. These normal micro-anatomical structural findings in
women, confirmed by sonography, MRI and spectroscopy [13,14]
favor the clinical expression of cellulite, whenever there exists
a gender-linked regional accumulation of localized fat [15,16]
and/or the presence of compressive forces [9] upon the adiposal
layers. If one pinches the skin between the thumb and index
finger (the so-called pinch test), the fat bulges upward within the
fat chambers, producing the typical orange peel appearance [7].
These factors facilitate the migration and “herniation” of fatty
tissue into the dermal layer in both slender and obese women.

Cellulite is also more commonly displayed in lax rather than
firm skin. Since skin is sensitive to hormonal changes, skin aging
is accelerated in women owing to hormonal fluctuations during
pregnancy and menopause and from distention over regional
accumulations of fatty deposits. Therefore, it is not surprising that
cellulite-affected skin has been shown to exhibit biomechanical
properties of increased skin laxity in contrast to skin without
cellulite in cellulite-prone and non-prone areas in women [17,19].
Although microvascular ischemia [4], microlymphatic obstruc-
tion [18] and inflammatory etiologies [9] cannot be excluded
for the development of cellulite, current evidence supports that
gender-related differences in the skin, subcutaneous fat and septal
architecture, and localized tissue pressure contribute more to the
presence of cellulite than do these aforementioned factors.

Since cellulite is more likely to occur within lax skin in obese
women, its unsightly appearance may be improved, first, by reju-
venating the overlying skin and subdermal septal network and,
secondly, by reducing the presence of fat bulges that intrude
through the dermo-subcutaneous barrier. Preliminary studies
employing low-level light therapy, in the form of energy generated
by light emitting diodes (LED), have demonstrated modest and
temporary results in the management of cellulite. This chapter will
discuss LED therapy and its role in the treatment of this common
and annoying condition.

Introduction

The 40-year development of low-level light energy therapy
from laser light sources for reasonable therapeutic results rather
than dramatic surgical outcomes began with the work of Endre
Mester [1-4] in 1968. Ever since one FDA-approved device was
cleared in 2002 for “providing temporary relief of minor chronic
neck and shoulder pain of musculoskeletal origin”, low-level light
laser energy has been used in physical therapy to relieve pain,
reduce edema and improve wound healing ofleg ulcers [5-9]. Light
emitting diodes (LEDs), as a source for quasi-monochromatic
or narrow bandwidths of light, were also introduced as an alter-
native low-level light energy device to provide skin and other
wound benefits in aesthetic and reconstructive cases. Despite the
reported advantages for either low-level laser or LED energy tech-
nology, the purported beneficial effects have remained controver-
sial and uncertain [10-13]. The in vitro, ex vivo or in vivo effects
have been anecdotal, contradictory, or non-transferable from
animal to clinical studies, in part due to flawed methodology or
minimally detectable end-points [14-16]. In addition, there has
been a lack of convincing data that demonstrates its actions at the
subcellular level to account for the perceived beneficial clinical
outcomes. In spite of these misgivings, this chapter will review
the LED physics, LED-induced histological, ultrastructural and
biochemical changes, patient indications, pre-treatment prepa-
ration, techniques and clinical efficacy and side effects of LED
phototherapy in its role in the management of cellulite.

LED Theory for Cellulite Skin Treatment

Low-level LED energy therapy may be defined as light treatment
that produces no immediate detectable temperature elevation
in the treated tissue and no visible morphological alteration in
the tissue structure [17]. Low-level light devices typically emit
2-200 mW (0.2 to > 0.02 W), with power density ranging from
0.05 W/cm? to greater than 5 W/cm?. At this energy level, spe-
cific cells can simultaneously regulate up or down their intrac-
ellular activities in a nonthermal manner. Photomodulation of
living cellular activities by LED wavelengths has been shown to
increase collagen and elastin production in fibroblasts, increase
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ATP production in healing cells, reduce the production of
inflammatory interleukins, inhibit the production of matrix
metalloprotease (collagenase), increase lymphatic drainage, and
stimulate new vessel growth. Such cellular responses result in
improved skin rejuvenation without the anticipated side effects of
other thermally based skin care treatments. The clinical benefits
of LED treatments can be observed in aesthetic skin rejuvenation
and in reducing dermatitis even after radiation therapy. There have
been a number of studies demonstrating the most efficient and
effective way to apply this energy, the results of which depend on
1) the LED light source, 2) type of non-coherent light, 3) optimal
wavelength and physics, and 4) power for photobiomodulation.

LED Source

The most common LED light source consists of diode heads for
producing electromagnetic radiation at specific preset wave-
lengths (Table 17.1) that are non-coherent, non-polarized, and
for all intensive purposes, non-thermal or low-thermal in origin.
Most therapeutic devices precisely mount a number of LED diodes
either in an articulated, multipanal array or in handpieces that
differ in their design to account for the divergence of individual
beams to maximized interference patterns, the exposed surface
treatment area, and internal dosimetry.

Non-coherent LED Light

The successful use of non-coherent light-emitting diodes in low-
level light energy therapy suggests that a coherent radiation field of
alaser is not an essential light property to evoke a cellular response
[17,18]. Based on quantum physics, Frohlich anticipated that any
living matrix of protein dipoles within cells would oscillate from
applied energy and then signal integrated intracellular processes
for growth, repair, defense and other functions [19-21]. The exci-
tations within cytoskeletal microtubules have been proposed as the
mechanism to mediate these intracellular processes [22,23].

Optimal Wavelength and Physics

The dosimetry of any LED treatment must be considered in two
parts, the external dosimetry which involves quantum energies
directly controlled by the provider (within the limits of the device)
and the internal dosimetry, which is difficult to determine in
vivo because the optical properties and heterogeneity of the tissue
at each wavelength are not known. Mathematical diffusion
models [27], however, project that the light energy fluence rate
(the rate at which photochemical reactions occur at the cellular
level) falls to 0.07% of its effective initial value at the skin surface
(external dose) at a distance of 5 mm of penetration depth into
the tissue. Interpolation of data [28] from mathematical models in
fair Caucasian skin suggest that red light (630 nm), for example,
penetrates on the average of 1-2 mm, while near-infrared light

Table 17.1 Common LED Wavelengths for Possible Cellulite
Treatment

Blue 415 nm
Yellow 590

Red 660
Near-infrared 830-950

Table 17.2 Clinical Assessment of Improvement of Periorbital
Rhytids

Digital

photography

analysis Profilometry  Skin elasticity
Group 1 (830 nm) 95.2% 33.0% 19.0%
Group 2 (633 nm) 72.3% 26.0% 14.0%
Group 3 (633/830 nm) 95.5% 36.0% 16.0%
Group 4 (sham) 13.3% No change No change

(800-900 nm) penetrates about twice as much. The often claimed
red light penetration of 5-10 mm by commercial systems does not
take into account tissue attenuation that results in only 1% of the
incident light playing a phototherapeutic role within the deeper tis-
sues. Since thigh skin thickness varies from 1 mm to as much as 3
mm (average 1.5 mm), the majority of photobiomodulation effects
are expected to occur within the skin level. Red light (630 to 640
nm) provides the optimum wavelength for photobiomodulation. At
this range, the most favorable amount of fibroblasts and keratino-
cyte proliferation and microcirculation in skin is observed.

Power for Photobiomodulation

Internal dosimetry is a measure of the rate that a quantity of
LED-induced photons penetrate and interact with mitochondrial
non-specialized photoacceptor antennae molecules (flavoprotein
NADH-dehydrogenase and cytochrome ¢ oxidase) within tar-
geted cells in the epidermal and dermal layers. At this low energy
level, an activated molecule can cause measurable biochemical
reactions. The induced cascades of differing redox reactions pro-
duce an immediate response in seconds, such as the conversion
of adenosine diphosphate (ADP) that can up-regulate or down-
regulate by gene expression a wide range of pathway actions [29].
On the other hand, LED energy can also produce many other
secondary biochemical reactions in cells that occur hours or
days later after the LED irradiation is switched off. Of particular
interest is the consistent finding that biological reactions occur in
cells that are not directly irradiated by non-thermal LED energy,
commonly referred to as the “bystander effect”. It is believed that
the irradiated cells may release intercellular signaling molecules
that propagate the photobiomodulation effects between cells even

Table 17.3 Treatment gels

Active gel Placebo gel
Bupleurum falcatum extract 7%

Caffeine 1%

Coenzyme A: 100 ppm

Phosphatidylcholine 15%

Ethoxydiglycol

Denatured alcohol

Hydroxypropyl cellulose
Centrimonium bromide

Edetate tetrasodium

Butylated hydroxytoluene
Tromethamine/tromethamine HCI
‘Water

Ethoxydiglycol

Denatured alcohol

Hydroxypropyl cellulose
Centrimonium bromide

Edetate tetrasodium

Butylated hydroxytoluene
Tromethamine/tromethamine HCI
‘Water
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Figure 17.1 LED red and infrared treatment for 15 minutes twice weekly after
application of anti-cellulite active gel or placebo.

with the deeper dermis, resulting in modulations in cell functions,
cell proliferations and repair of compromised cells. LED-induced
photobiomodulations are specifically coded by the preset wave-
lengths, fluencies, pulsing on-times and off-times, and dedicated
duty cycles that result in at least 24 immediate diverse cellular
actions. More than one of the cellular actions (e.g., synthesis of
ATP, mRNA and reverse transcriptase-polymerase change reac-
tions, collagen and elastin production, increased levels of tissue
inhibitor of matrix metalloprotease, decreased levels of matrix
metalloprotease, and induced mitosis or apoptosis can be initi-
ated, inhibited, or modulated by LED energy from one or more
wavelengths by unknown regulatory mechanisms.

Controlled Biochemical, Histological-Ultrastructural and

in vitro/Clinical Studies

Two recent peer-review publications [24,25] have reported
encouraging results after LED exposures in clinical trials that
utilize randomized, double blinded, placebo-controlled meth-
odologies. In the first clinical study of 76 patients, hemifaces
received either 830 nm near-infrared alone (Group 1), 633 nm
red alone (Group 2), a combination of 633 nm and 830 nm
(Group 3), or a sham treatment light (Group 4), twice a week for
four weeks. The cumulative data, as listed in Table 17.2, indicated
not only that LED energy results in objective improvements in
skin over sham controls, but also that a greater clinical efficacy
was observed with longer (more penetration) wavelengths and
with combined 800 nm and 633 nm wavelength exposures.

In this study, isolated human cultured cells, exposed to each
wavelength in the LED spectra, also demonstrated further cor-
roboration to the beneficial results that were observed clinically
in non-thermal photorejuvenation of skin.

The second randomized, double-blinded clinical study exam-
ined the effectiveness and safety of a topical anti-cellulite gel and
LED (red and near-infrared) light on Grade III thigh cellulite [25].
Each patient lightly massaged in the same manner 5 cc of the
active anti-cellulite gel to one thigh and 5 cc of the placebo gel
to the opposite thigh twice daily in a home program for three
months. The active and placebo gels, listed in Table 17.3, were
identical in appearance and shielded throughout the entire study
from both the patients and evaluators. Twice weekly, each thigh
was treated for 15 minutes with LED red (660 nm) and near-
infrared (950 nm) for a total of 24 treatment sessions over 12 weeks
(Fig. 17.1). After the study was completed, all participants were
informed of their treatments and offered the active gel and LED
light to their placebo-treated thighs.

At the end of three months, eight of nine patients treated with
the phosphatidylcholine-based, anti-cellulite gel and LED treat-
ments were downgraded to a lower cellulite grade by clinical
examination, digital photography, and pinch test assessment
(Figs. 17.2-17.6). Although the exact beneficial mechanisms of
action of this unique combined treatment are not completely
understood, a synergism of treatment modalities may be occur-
ring. With a randomized double-blinded assignment of active gel

Figure 17.2 Pinch test of patient #1 demonstrating Class III grading of cellulite.
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Figure 17.3 Patient #1 had no weight change throughout the study period. Cellulite returned after nine months of no treatment.

Figure 17.4 Patient #1 demonstrated no changes in cellulite from placebo treatment.

Figure 17.5 Biopsy from patient #1 after three months of active gel and placebo treatments.

versus placebo in combination with LED treatment, it is assumed
that other variables such as weight, BMI, percentage of body fat,
degree of physical activity, diet, skin hydration and error in mea-
surements will have been evenly spread out to minimize their
effects on final outcomes.

Conclusions

While the exact mechanisms of LED for skin rejuvenation are still
unclear, recent studies suggest that low levels of specific LED light
energy can target particular receptors within cells and subcellular
mitochondrial componentsto induce pro-collagen synthesis, down
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Figure 17.6 Patient #8 gained 2.5 lbs during the study but demonstrated improvement in cellulite at three month of active gel treatment and four month. Later off
treatment.

regulate matrix metalloprotease-1 (MMP-1 or collagenase) activity,
as well as increase local blood flow and reduce pathways for tissue
inflammation. The effects of LED light on skin and septal collagen
have been reported in the cited studies and possibly contribute to
the clinical improvements in cellulite. The benefit of LED light by
itself on the reduction of adipocytes in areas of cellulite has yet to
be determined in future studies.
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Introduction

Cellulite is a skin condition characterized by a dimpling, uneven, or
“cottage cheese” skin texture occurring almost exclusively in post-
pubertal females. It is most commonly seen in the thighs and but-
tocks, but may also be apparent in the breasts, back, hips, abdomen
or upper arms. It occurs even in the slim and fit or otherwise
healthy women, but the appearance of cellulite is naturally exacer-
bated by an excess of fat. There is no uniform theory for the origin
of cellulite and purported etiologies vary from morphological dif-
ferences between male and female skin anatomy (the hypodermal
connective tissue strands run diagonally in male skin and vertically
in female skin), to hormonal involvement (cellulite is frequently
present in androgen-deficient males and not seen in pre-pubertal
females), to lipodystrophy (gynoid lipodystrophy is one of the syn-
onyms for cellulite) and circulatory disorders, to hereditary factors
(4,5,8,15,31,43,48,60,65,66,70,73,77]. It is very likely that all these
factors play some role in the origin of cellulite.

The regional fat accumulation is responsible for vertical stretching
of the superficial fat lobules protruding into the lower reticular
dermis producing irregularities and dimpling of the skin at the sur-
face. Advanced stages of cellulite are associated with deterioration
of dermal vasculature, deposition of hydrophilic byproducts [48],
and retention of excess fluid within the dermis and adjacent inter-
stitial structures. Ensuing edema leads to vascular compression,
cellular changes and tissue hypoxia. In time, continuing tissue con-
gestion leads to thickening and sclerosis of fibrous septae causing a
dimpled appearance. Some investigators reported the presence of
chronic inflammatory cells, e.g., macrophages and lymphocytes, in
fibrous septae of cellulite biopsies [43].

Although our understanding of cellulite has grown expo-
nentially in the last few years, we still rely on highly subjective
measures such as digital photography, or other somewhat primi-
tive and outdated methods of classification. For example, the
Niirnberger and Miiller Severity Scale, proposed more than 30
years ago [60], is used to assign patients to one of four clinical
stages (0-III) based on clinical alterations observed at rest and
with pinch test or muscular contraction. This severity scale leaves
too much room for subjectivity in evaluation and comparison
of changes over time, making settled but appreciable changes in
cellulite appearance hard to correlate with changes on the severity
scale. Several attempts to develop a new classification system or to
modify and expand the existing severity scale to incorporate some
objective biometric measurements did not gain wide acceptance
and remains a domain of individual users [6,25,32,33].

There are a few objective methods for demonstrating and moni-
toring of cellulite conditions and its changes over time: specialized
3-D photography, high-resolution MRI and high frequency ultra-
sound [23,25,49,54,64,71,72,76]. Unfortunately, these tests are not
readily available, cost-effective, or easily justified when treating a
cosmetic, non-life threatening condition.

Advanced stages of cellulite involve multi-level pathologic changes
in affected tissue, i.e., cellular, metabolic, circulatory, physiologic, and
biomechanical; and therefore treatment modalities require inter-
ventions capable of dealing with many if not all of these pathologic
changes in order to deliver effective and long-lasting improvement.

Treatments for Cellulite

Currently available treatments for cellulite include surgical tech-
niques (liposuction, subcision, and laser- and ultrasound-assisted
liposuction) [29,30,46], mechanical manipulation (endermologie,
lymphatic massage, etc.), topical creams, energy-based devices
(light, ultrasound, acoustic shock, radio frequency, electrical
stimulation, etc.), mesotherapy and injection lipolysis [11,47] as
well as combinations of the above-mentioned techniques.

The benefits of the many available treatments for cellulite vary
from marginal to somewhat effective, but are not without draw-
backs and limitations. For example, liposuction and laser- and/or
ultrasound-assisted liposuction are unlikely to “cure” cellulite and
in many cases require additional interventions to improve appear-
ance of cellulite [4,81]. Mesotherapy and injection lipolysis are
capable of inducing local lipolysis and improve skin condition and
cellulite appearance but are invasive and associated with numerous
side effects, including pigmentary changes and fibrosis.

There is no shortage of energy sources (laser light, ultrasound,
acoustic shock, radiofrequency, electrical stimulation, low tem-
perature (cold), mechanical massage and vacuum, etc.) that are
being used or proposed for ablative as well as non-ablative inter-
vention in the treatment of cellulite [2,7,14,21,44,59,63,81,83].
Techniques employing energy sources for ablative fat reduction
and cellulite treatment are subject to the same complications and
side effects as any surgical intervention. Non-ablative energy-
based techniques are safe and nearly free of side effects when
administered by a well-trained operator, but the efficacy and
longevity of the therapeutic benefits are unpredictable.

The effectiveness of these treatments and longevity of thera-
peutic benefits is dependent upon many variables, including
frequency, duration and total number of treatments, size of the
treatment area, power levels of employed energy sources, and
intensity of vacuum and mechanical effort as well as operator’s
technique [44]. A patient’s age, severity of cellulite and contribu-
tory medical conditions may also affect the outcome of the treat-
ment regimen. Cellulite management with devices employing
mechanical massage and suction require monthly maintenance
treatments following the original treatment regimen in order to
sustain the therapeutic benefits; otherwise, these benefits tend to
disappear within three months.

Patients treated with the devices employing light and/or light
and radiofrequency as well as other energy sources find that their
therapeutic benefits begin to diminish around three months post-
therapy with almost all benefits reversed by six months. Accordingly,
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they are also advised to return for maintenance treatments not
later than six months.

The chase for a better non-invasive treatment of cellulite and fat
reduction continues with more and more players entering the market
utilizing established modes and energy sources and introducing new
ones: acoustic shock, low temperatures, microwaves, etc.

Clinical Study Utilizing Low Intensity Light Therapy
Anecdotal observations of successful treatment of cellulite using
low intensity light therapy (LILT) combining HeNe (632 nm) and
GaAs (904 nm) laser radiation were discussed at various symposia
but never published in a refereed journal. However, some in vitro
studies have demonstrated that exposure of adipose tissue samples
collected from lipectomy to 635 nm wavelength light froma 10 mW
diode laser for six minutes (3.6 J/cm?) produced near total emp-
tying of fat from these cells through, what the authors postulated
were, transitory pores in the membranes of adipocytes [35,55-58].
In addition, they observed that these transitory changes didn't
cause destruction of adipocytes or other interstitial structures.

These findings led to an inception of laser-assisted liposuction
where LILT is administered transcutaneously for 6-15 minutes (in
an hour prior to liposuction). It became an adjunct, intraoperative
procedure. Practitioners of this technique mostly agree that there
are significant benefits to patients in post-operative recovery:
fewer side effects, less swelling, less bruising, less discomfort,
decrease in post-operative use of pain medication, etc., but there
is no consensus on whether it also simplifies liposuction proce-
dure in terms of ease of performing liposuction, reduced time
in surgery, or enhanced emulsification of extracted fat [12,35].
Although some studies have failed to reproduce Dr. Neira’s results
[12,53] the hypothesis of “transitory pores” was not overturned
because there were significant differences between the device,
wavelength, and method of application used by Dr. Neira and the
other studies.

For the purpose of non-destructive treatment of cellulite and
fat reduction, another wavelength that can penetrate relatively
deep into the skin and has preferential affinity for lipids, (i.e.,
absorbed better in fat than surrounding tissue) was added to
the mix in order to complement the pore-inducing effect of
the 635 nm wavelength and assist in fat evacuation from adipocytes.
It has been established for some time [50] and recently recon-
firmed by Anderson et al. [3] that four infrared wavelength
bands—915 nm, 1205 nm, 1715 nm and 2305 nm—have about
50% more absorption in lipid-rich tissue than in aqueous tissue.

Combining the visible 650 nm wavelength for its adipocyte
membrane pore-inducing properties and the infrared 915 nm
wavelength for its lipid-liquefying properties creates a dual-band
light source capable of positively affecting skin adipose tissue. Aug-
menting this dynamic distinct light duo with suction (vacuum)
and mechanical massage produces an entirely new process that
was termed Photomology® and defined as:

“Exclusive process that treats cellulite and subcutaneous fat
by combining dynamic light and laser energy along with
vacuum massage to gently stimulate natural cell processes
and modify cell activity”
The study under discussion was designed to evaluate the effec-
tiveness of the dual-band (630 and 900 nm) laser light for the
improvement of appearance of cellulite and removal of discrete

subcutaneous deposits of adipose tissue from the thighs of other-
wise healthy volunteer subjects. It was conducted in two phases:
first a pilot study of 12 subjects, followed by a second, much larger
multi-center study. Pre- and post-treatment MRI scans were used
to accurately document changes in fat and photography, physical
examination and questionnaires were used to assess and docu-
ment changes in cellulite. In the pilot study, the bi-dimensional
MRI fat images demonstrated remarkable reduction in fat thick-
ness by as much as 35% relative to the control group. According
to the investigators:
“weight loss per se appeared to be random and did not
correlate to findings of changes found in a single thigh...
However, the use of MRI was found to be a reliable cross
indicator of fat change in the treated legs. Furthermore, the
use of MRI was found to be a reliable means of monitoring
the longevity of the results, which was confirmed to have
persisted as far as 13 months post treatment” [94].
Encouraged by the success of the pilot study, the investigators
set to replicate these findings in a large group of volunteer subjects
in the multi-center, IRB-approved, clinical investigation [45].

Subjects

One hundred two healthy female volunteers between the ages of
18 and 50 with mild to moderate cellulite (=15% overweight from
a standard actuarial table) on the thighs were enrolled in the IRB-
approved study with 74 subjects meeting eligibility requirements
completing the treatments and follow-up. Prior to treatment, cross-
sectional MRI scans of both thighs were taken. Subjects were
randomly assigned to have one thigh treated with the combina-
tion of laser and massage, while the contra lateral thigh served as
the “control” and was subjected to massage treatment only. Sub-
jects were “blinded” as to which leg received laser plus massage
treatment vs. massage alone.

Device

904 nm 1 watt laser diode with the spot size of 3 mm and 0.5 watt
of 632 nm HeNe laser were scanned over large treatment area
(30.5 X 15 cm) at a frequency of 30 Hz, thus covering the entire
area in 2 seconds.

Pixel densitometry of each layer of each MRI image was
employed to objectively and consistently calculate changes in
the fat pad. The pixel counts of the respective anatomic elements
identified in each image were calculated. Selective outlining of the
entire thigh, fat, muscle, and bone was performed. The total cross-
section of the thigh was calculated in cm?* using standard software
algorithms. The pixel count of the thigh minus the fat layer was
calculated and subtracted from the complete thigh surface area to
produce an objective representation of fat thickness.

Treatment

Each subject underwent 12-14 treatment sessions two to three
times a week over a four- to six-week period. MRI scans of both
thighs were performed pre- and post-treatment. Subcutaneous
peri-muscular fat pads were measured on MRI images by a “blinded”
independent radiologist who had no knowledge of the laser vs.
non-laser treated side. Volumetric determination technique
was used to quantify the difference in fat deposits based on pixel
densitometry of the respective anatomic constituents identified in
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the MRI. Changes in skin condition were evaluated using digital
photographs by blinded observers and subjects’ questionnaires.

Results
Sixty-five subjects with complete pre- and post-treatment data
were included in the analyses. As measured by the MRI, there was
a statistically significant difference over time between the laser
plus massage treated thigh vs. the massage-only treated thigh
(p < 0.001), with the average fat thickness in the experimental leg
decreasing by an average of 1.19 cm?® vs. an increase of an average
3.82 cm? in the control leg (Fig. 18.1). There was a high degree of
patient satisfaction with the treatment and therapeutic results:

Subjects who experienced improvement - 82%

(the percentage improvement was not noted)

Pleased with the results — 89%

Would participate in the treatment again - 73%

Would recommend this treatment to a friend - 73%
See also Figs. 18.2-18.4.

Five subjects returned for an additional follow-up examination
including MRI evaluation 13 months or longer after completion
of the study. Four of these subjects maintained some improve-
ments on the laser plus massage treated thigh, while the control
thigh continued to demonstrate an increase in the circumference
based on the MRI measurements [94].

Discussion

The therapeutic effect of low intensity light therapy is no longer in
question [19,26-28,34,51,52,69]. However, the question remains
as to how the light works at the cellular, tissue, and organ levels,
and what are the optimal parameters for the most effective thera-
peutic effects for various medical conditions. It is believed that, on
the cellular level, light first interacts with mitochondria leading
to an increase in ATP production, modulation of reactive oxygen
species, and induction of transcription factors [1,16,18,19].
These effects lead to increased cell proliferation and migration,
especially, fibroblasts, modulation in levels of cytokines, growth
factors and inflammatory mediators, and increased tissue oxy-
genation. The ability of monochromatic light to modify cellular
function of living tissue, enhance healing and restore its normal
function is a basis for the treatment of numerous dermatolog-
ical, musculoskeletal, and neurological conditions [1,13,19,22,
26,28,34,51,52,67-69,74,75,79,80,82,84,85,87].

Light traversing living tissue is subjected to scattering and
absorption which are both wavelength-dependent phenomena.
Absorption of monochromatic visible and near-infrared light at
the cellular level by components of the cellular respiratory chain
is at the heart of the beneficial therapeutic effect [20,24,61].
Mitochondria are conceivably the principal unit within the cell
controlling the LILT response and by being at the core of a chain
reaction within the cell that originates with improving respira-
tory and ion-transporting activity in the cell and culminating in
beneficial therapeutic reaction on cellular, tissue, and systemic
levels [9,10,27].

Phototherapy produces primary, secondary and tertiary effects
which collectively enhance tissue repair and produce pain relief
[17,38,42,62,74,75,78,86]. Primary effects in the cells, often referred
to as photoreception, occur through direct interaction of pho-
tons with cytochromes. Secondary effects, e.g., cell proliferation,
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protein synthesis, growth factors secretion, myofibroblast con-
traction, neurotransmitter modification, etc., occur in the same
cells as primary and can be initiated by light as well as other
stimuli. Tertiary effects, e.g., tissue repair and pain relief, are the
indirect responses of distant cells to photon-induced changes in
other cells. These effects are the least predictable because they are
influenced by cellular as well as environmental factors.

Figure 18.1 Horizontal images of the laser-massage and massage-only thighs of
an individual treated in this study. The volume of each leg was measured by pixel
densitometry. Pixel counts of the entire thigh exclusive of the fat layer were sub-
tracted from the pixel counts of the entire thigh to obtain pixel counts of the fat
layer (from ref. 94, with permission).
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(d) (e)

()

Figure 18.2 (a,b) A patient before and one month after eight treatments (by courtesy of Robert Weiss, MD); (c,d) a patient before and three months after eight treatments
(by courtesy of Khalil A Khatri, MD); (e,f) a patient before and three months after eight treatments (by coutesy of Khalil A Khatri, MD).

It is believed that the most beneficial effects are achieved in
the 600-950 nm wavelength range with the exception of 700-
770nmwavelength range which is considered ineffective. Hence the
choice of a monochromatic wavelength is an important considera-
tion when considering treatment of superficial or deeply located
tissues: shorter wavelengths for more superficial applications and
longer wavelengths for deeper penetration [9,27,36,37,39].

Given the positive results from the multi-center study for the
treatment of cellulite and statistically significant results for the

decrease in fat, a new prospective, randomized, controlled multi-
center, IRB study was initiated to assess the therapeutic benefit of
a higher watt system of for the reduction of thigh circumferences.

Clinical Study Utilizing LILT and a High Power Infrared
Wavelength for Thigh Circumferential Reduction

Study Design

The multi-center study was designed to evaluate the effectiveness,
reproducibility and longevity using LILT and a high power infrared
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Figure 18.3 Participant before treatment (a) with a
corresponding horizontal MRI image of the right
and left thighs (b); after 14 treatments. (c) with a
corresponding horizontal MRI image (d). The skin is
noticeablysmootherinthe post-treatmentimage (c).
(From ref. 94, with permission.)

wavelength to treat mild to moderate cellulite in female patients,
to produce sustainable improvement in cellulite appearance and
thigh reduction in subcutaneous fat as validated by standard
measurements, imaging and subjective patient evaluations.

Subjects

Six clinical sites participated in the multi-center, IRB-approved,
single-blinded clinical study with female subjects between the
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ages of 18-45, skin type I to VI. The number of subjects per
site varied from 10 to 26. The subjects consisted of 83 pre-
menopausal females with mild to moderate visible cellulite
on thighs and with various Body Mass Indexes (BMI) ranging
from normal to overweight. Subjects were randomly assigned
to have one thigh treated with the combination LEDs, laser
diodes, vacuum and massage and the other thigh served as
the control.
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Figure 18.4 Participant before treatment (left) and 2 weeks after nine treatments with the SmoothShapes device (right). In the post-treatment photograph, the skin of
the upper thigh and lower buttocks is smoother and tighter and the circumference of both treated areas is noticeably reduced. (From ref. 94, with permission.)

Device

915 nm 10 watts of laser diodes and 650 nm 1 watt of LED
delivered through a 70 mm X 40 mm aperture with integrated
vacuum and contoured rollers for massage.

Treatment
Each subject underwent a total of eight treatment sessions, admin-
istered twice a week for four weeks. The entire circumference of
one thigh was treated for 30 minutes at each treatment session.
Weight, digital photographs and thigh circumference were
recorded pre-treatment, during treatments and at one month and
three-month follow-up visits. Both the treated and the control
thighs had three measurements taken with a spring-loaded tape
at each of three locations on the thigh: upper, mid- and lower.
Location for measurement was determined with a laser-based
level device and recorded in the subjects chart for accuracy and
reproducibility during follow-up measurements.

Results
Eighty-three subjects who completed one-month follow-up and
had no data points missing throughout the study were included in
the final one-month data analysis. At one month post-treatment,
when comparing the treated and control thighs, the circumfer-
ence reduction was statistically significant (p < 0.001, Student’s
t-test) with positive responding subjects recording a combined
average loss of 3.5 cm ranging from —0.2 cm to —8.7 cm [93].
Seventy-two subjects who completed three-month follow-up
were included in the final three-month data analysis. When com-
paring the treated and control thighs, the circumference reduc-
tion was statistically significant (p < 0.001, Student’s t-test) with
positive-responding subjects recording a combined average loss
of 2.9 cm ranging from —0.1 cm to —8.7 cm [93].

SmoothShapes®— Mechanisms of Action

LILT therapy produces no significant temperature elevation and
no immediate, visible structural changes in the cells, tissues, or
organs. It modulates the level of cellular activity that eventually
improves local blood circulation and metabolism, reduces inflam-
matory response to injury and improves cell survival, modifies

perception of pain (nociception) and improves tissue condition
that causes pain. Although photobiostimulating effects of LILT
can occur in the absence of temperature elevation there is evidence
that moderate temperature elevation to the level of “high-fever”
in the treated tissue (=40° C) would facilitate many of the same func-
tions and activities that LILT alone is attempting to improve: local
blood circulation, metabolic activity, chemical reaction, etc. [88].

Photomology® process for non-destructive, modulating action
of LILT in combination with moderate temperature elevation
in the irradiated tissue is at the root of the therapeutic effects of
dual-band light application for improvement in the appearance
of cellulite and fat reduction by the SmoothShapes® technology.
This improvement appears to be the result of the tertiary effects of
phototherapy that together with primary and secondary effects to
enhance tissue repair [36-41].

The SmoothShapes® system (Elemé Medical, Inc, Merrimack,
NH) utilizes the Photomology® process that combines dual-band
light therapy 650 nm redlight from LEDs with near-infrared 915nm
from laser diodes with mechanical massager and vacuum to reduce
discrete subcutaneous adipose tissue and improve the appearance
of cellulite and reduce thigh circumferences (Fig. 18.5). The laser
diode and LED light sources operate in continuous mode and
deliver 11 watts of combined optical power integrated into a
delivery system with the message and vacuum components.

The 650 nm wavelength was selected for its action in modifying
permeability of the adipocytes’ membranes and enhancement of
fat emulsification. This wavelength falls into a so-called optical
window where there is relatively minimal absorption in hemo-
globin, water and other skin components, except for melanin, which
allows for adequate penetration to the subcutaneous fat level.

The choice of 915 nm wavelength was based on its preferen-
tial absorption in lipids. This wavelength penetrates well into the
tissue with even less scattering than 650 nm but gets absorbed
by the lipids in fat. This selective absorption by lipids that induces
temperature elevation and temperature measurements with
thermocouples in a subset of patients demonstrated that tempera-
ture could reach 46°C.

Because the lipid bilayer components of the cell membranes
are held together only by forces of hydration, the lipid bilayer is
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THE LIGHTWEIGHT, HANDHELD ROLLER GLIDES OVER THE TREATED
AREA, CREATING A GENTLE MASSAGE-LIKE SENSATION.

A combination of light

and laser energy liquefies
the fat cells and
increases cell membrane
permeability.

Liquefied fat molecules
migrate from the adipose
cells to the interstitial fluid.

Figure 18.5 SmoothShapes® system mechanism of action.

the most vulnerable to heat damage. Even at temperatures of only
6°C above normal (i.e. 43°C), the structural integrity of the lipid
bilayer is lost [92].

Hamilton has demonstrated that 1) fatty acid transport is
mainly governed by a diffusion mechanism through the adipocyte
membrane and 2) this mechanism is modified by heat-induced
membrane permeabilization which begins to appear at tempera-
tures between 43°C and 45°C [91].

Gaylor measured the stability of mammalian skeletal muscle
cell membranes in isolated cell cultures to supraphysiologic
temperature by determining the kinetics of the onset of altered
membrane permeability to intracellular carboxyfluorescein dye
and proposed a set of coefficients before cell membrane rupture.
He demonstrated that activation energy necessary to thermally
induce membrane permeabilization in adipocyte cells is very low
238 KJ/L.mol [90]. This temperature elevation also increases the
blood flow. An increase in adipose tissue blood flow is of physi-
ological importance by facilitating the removal of FFA (free fatty
acid) from adipose tissue [89].

Finally, mechanical roller massage therapy plays a role in
reducing cellulite. Combined with laser heating, the rollers exert
pressure on the skin and subcutaneous tissues, and the suction
draws a fold of skin and fat into the vacuum space. This deep
kneading and stretching of the body tissues also improves the
blood flow and reinforces removal of FFA.

To summarize, both wavelengths are implicated in producing
other beneficial therapeutic effects discussed earlier:

- Improved local blood and lymphatic circulation

- Improved metabolic activity of treated tissue at the tissue
and cellular level

- Induce mild inflammatory reaction thus attracting fibrob-
lasts that lead to new collagen production and deposition
manifesting in thicker dermis
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A vacuum component
positions the skin
more effectively for
optimal light and laser
penetration.

The contoured rollers
assist in moving the
evacuated liquefied fat
from the interstitial
fluid into the lymphatic
system.

Mechanical massager with suction has a proven track of:

- Improved blood and lymphatic circulation

- Modification of underlying connective and muscular tissue
leading to tissue tightening

- Modification of subcutaneous fat layer

Conclusion
In both the preliminary LILT and the second study of circum-
ferential reduction of the thighs the SmoothShapes® system with
Photomology™ demonstrated that a high degree of effectiveness,
~80%, was reproduced and showed longevity up 13 months. Addi-
tionally, there was a high degree of participant satisfaction with
the treatment which they found virtually painless, pleasant and
relaxing. There is some indication that cellular and tissue changes
incited by the dual-band LILT therapy may have produced long-
lasting effects.

The search for longer-lasting non-ablative treatment of cellulite
and subcutaneous fat will continue, but the authors acknowledge
this new approach combining LILT and laser appears promising.
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19O High Frequency Ultrasound Evaluation of Cellulite
Treated with the 1064 nm Nd:YAG Laser

Régine Bousquet-Rouaud, Marie Bazan, Jean Chaintreuil, and

Agustina Vila Echague

Introduction

Treatments in aesthetic dermatology are evolving towards non-
invasive techniques, whose efficacy has yet to be proven. Infrared
lasers and radiofrequency devices used for the treatment of
cellulite have been the subject of several recent publications [1-6].
Numerous therapies have been advertised for the treatment of cel-
lulite, but little scientific evidence demonstrates that any of these
treatments is beneficial. In fact, much of this evidence is subjective
or based upon patient self-assessment.

Therefore, the use of ultrasound imaging, which is widespread
in other specialties, is of potential interest here, for reasons of sim-
plicity and objectivity.

According to various studies, cellulite concerns 85 to 98% of
post-pubertal females. The term “cellulite” originated in France
more than 150 years ago [7-8]; it describes the “orange peel” syn-
drome or quilted appearance in areas with subcutaneous fat and
has received no definitive explanation so far [9-15].This condition
is most commonly observed on the thighs, the abdomen and the
arms; it occurs at an early age, even in thin young girls. Despite
the lack of morbidity or mortality associated with this syndrome,
the female population expresses a high demand for treatment.
Numerous therapies have been suggested [16-20], among which
Endermologie-LPG and mesotherapy are the best known [21,22].
None of them has been proven as a permanent cure for cellulite.

At present, three devices have received FDA approval for “tem-
porary improvement in the appearance of cellulite”: a mechanical
massage machine (Endermologie, LPG, Fort Lauderdale, FL); a
combination of laser, radiofrequency and vacuum (VelaSmooth/
VelaShape, Syneron Medical Ltd., Yokneam, Israel); and a com-
bination of laser and mechanical vacuum (SmoothShapes, Eleme
Medical Ltd., Merrimack, NH).

Laser and radiofrequency treatment have been chosen
according to the physiopathology of cellulite or, at least, to the
most commonly accepted hypotheses [23-25]. The anatomical
description of cellulite is a combination of superficial adipose
tissue enlargement, fibrosis of the conjunctive fibers in the septae,
skin laxity and water retention. The degree of combination of
these factors varies, depending mainly on age and hormonal
events. Two leading hypotheses have been formulated to explain
the physiopathology of cellulite: (i) a gender-related dimorphism
in the skin architecture, resulting in a perpendicular orientation
of the connective tissue septae [13] and possibly responsible for
fat indentation or herniations; (ii) vascular changes and abnormal
deposits of glycosaminoglycans in the extracellular matrix of the
dermis, leading to fluid retention, hypoxia and chronic inflamma-
tion [10,26,27].

A distinctive structural feature of cellulite is the presence of
subcutaneous fat herniations into the reticular and papillary

dermis [11-15]. The micro-anatomical basis of this condition is
still being debated.

According to the hypothesis that altered connective tissue cre-
ates herniations of fat at the dermalhypodermal interface [28,29],
the 1064 nm Nd:YAG laser was used to induce a thermal injury
into the deep dermis and the hypodermis. Lasers radiating from
1064 nm to 1450 nm have been used to produce non-specific
dermal heating and to trigger a wound-healing response resulting
in the formation of new collagen [30,31]. The actual chromophore
of the 1064 nm Nd:YAG laser is not precisely identified; the
absorption by water and by lipids at this particular wavelength
appears weak as described by Anderson et al. in 2006 [32]. Nev-
ertheless, the 1064 nm Nd:YAG laser has proven safe and some-
what successful in non-ablative facial treatments [33-36]. The
same properties that ensure a deep penetration into the skin and
result in bulk heating of the dermis may appear valuable in the
treatment of cellulite.

The purpose of the present study was twofold: (i) to investigate
the 1064 nm laser radiation as a long-term treatment of cellulite,
(ii) to evaluate the results using high frequency ultrasound
imaging, a technique considered, alike magnetic resonance
imaging (MRI), to be an adequate tool to assess the efficacy of any
cellulite treatment [11,13,14,29,37,38].

The study was designed using a combination of high fluence
(30)/cm?), 18 mm spot size and a long pulse duration (30 ms) in
order to enhance the penetration in the skin. Protection of the
epidermis was achieved by using cryogen (tetrafluoroethane).

The expected results were a deep remodelling action in
the conjunctive septae between the adipocyte lobules of the
hypodermis.

Materials and Methods

The study was conducted between February and July of 2006 and
was approved by Institutional Review Boards and Ethics Commit-
tees for the protection of human subjects.

Twelve female patients were enrolled in the study. All subjects
signed an informed consent before being enrolled in the study.
This randomized study was designed to assess the efficacy and
safety of the Candela Nd:YAG 1064 nm laser for the treatment
of cellulite. The efficacy was judged from the improvement in
the appearance of cellulite and from the evaluation of dermal
thickness changes. Treatments were done at three- to four-week
intervals. Patients were eligible to participate in the study if they
were female, 20 to 56 years old (mean age: 47.4 £12 years), skin
phototypes I-IV presenting with spontaneous or induced cellulite
and with a body mass index less than 28 (Table 19.1). They were
treated on their left or right thigh; the contralateral side was not
treated and served as control for visual comparison.
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Table 19.1 Demographics of Patients, Therapeutic Outline and Results

Patient no. Age Weight (kg) Height (m) BMI Cellulite stage Cellulite type Side treated Satisfaction index
1 57 57 1.69 19.96 2 Hard left 2
2 50 67 1.73 22.39 2 Hard right 4
3 48 56 1.07 19.38 2 Hard left 4
4 58 51 1.58 20.43 2 Hard right 3
5 49 58 1.07 20.07 2 Hard left 4
6 48 62 1.61 23.92 2 Hard left 2
7 59 69 1.07 23.88 3 Soft right 3
8 20 64 1.07 22.15 2 Hard right 1
9 55 64 1.68 22.68 3 Soft left 3

10 45 48 1.63 18.07 2 Hard right 4

11 24 50 1.06 19.53 2 Hard left 2

12 56 64,5 1.62 24.58 3 Soft right 3

Other inclusion criteria were stable weight, regular and
unchanged physical activity, unchanged caloric intake and identical
hormonal status. Exclusion criteria included: pregnancy, severe
cellulite involving pain and/or tenderness in the thighs; patients
who had had surgical procedures including liposuction and meso-
therapy, or recent medical treatment (endermology or massage);
patients with venous and/or lymphatic insufficiency, with photo-
sensitivity or ingesting sun-sensitizing or anti-coagulant medica-
tions; patients with a history of keloids, neuropathy, coagulopathy
or diabetes and patients who were unable or unwilling to comply
with the study requirements. Subjects with pacemakers or metallic
implants or Fitzpatrick V or VI were not enrolled either.

Screening and Measurements
The severity of cellulite was scored according to the Niirnberger-
Muller scale:

Stage 0: no orange-peel skin

Stage 1: orange-peel not visible but appearing when skin is pinched
Stage 2: visible orange-peel skin in standing position

Stage 3: visible orange-peel skin in decubitus position

The texture of cellulite was also evaluated as hard, adherent to
deep planes, or soft with no adherence to deep planes, not painful
and flaccid. Each participant was weighed before each treatment.
A photograph was taken before each treatment, including front,
side and back views of the thighs, using the Canfield Monostand
device (Canfield Scientific, Fairfield, NJ) with a dedicated camera
set at fixed focal length and under constant lighting.

Ultrasound Image Acquisition and Image Processing
Ultrasound assessment was performed using the Dermascan, Ver
3 (Cortex technology, Denmark), equipped with a 20 MHz trans-
ducer, providing a 60 x 200 micron resolution and a penetration
depth of 10 to 15 mm. The resulting images were 12 mm in width
and 13 mm in height. The transducer was held on the skin at a
constant pressure. Contact between the skin and the transducer
was established by using a thin layer of gel.

The dermal thickness was measured as the distance between
the epidermis and the hyperechogenic layer that characterizes the
hypodermis. As the determination of the hypodermic boundary is
sometimes uncertain and therefore subjective, an automatic image-
processing method was developed to determine this limit, strictly
based on echogenicity and requiring no human interpretation.

The image processing was performed using different tools provided
by Visiquest 4.5 (Accusoft Corp, Northborough, MA) [39-43].
The automatic analysis process is described in full in Appendix 1.

Laser Treatment

The Nd:YAG laser (GentleYag, Candela Corp, Wayland, MA),
with a wavelength of 1064 nm was used on the 12 patients, with
the following parameters: spot size of 18 mm, pulse duration set
at 30 ms, fluence of 30 J/cm?, cryogen (Dynamic Cooling Device)
of 20 to 30 ms and no post-laser cryogen. These parameters were
the same for all patients.

Each target area—posterior side of the thigh—received one
single set of separated pulses at 1.5 Hz applied in linear fashion,
without pulse overlap, which led to a slight transient erythema in
most patients. Each area was treated three times: at the time of
entry into the study, one month and two months later. No anes-
thetic cream was used.

Immediately after treatment, the subjects were asked to rate
the pain from 0 tol0 (none to very bad) and the clinical side
effects, purpura, edema, erythema and blistering were also
assessed.

Follow-up Procedure
The follow-up evaluation was conducted one month and three
months after the third treatment.

The following parameters were evaluated: photo before and
after, ultrasound assessment as described above and patient satis-
faction index rated on a scale from 1 to 5 (1 not satisfied, 2 slightly
satisfied, 3 somewhat satisfied, 4 satisfied, 5 very satisfied).

Statistical Analysis

A statistical analysis was performed to assess the significance of
the ultrasound measurements of dermal thickness and dermal
echogenic density. A non-parametric Wilcoxon test was used to
test the differences between baseline and follow-up assessments.
A value of p < 0.05 was considered statistically significant.

Results

The age of the group was 47.4 + 12.7 (extremes 20-59) years. The
Body Mass Index was 24.4 + 2.1 (extremes 18.07-24.58). Nine
patients presented with a cellulite stage of two and three patients
presented with a cellulite stage of three.
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The twelve patients underwent 36 laser sessions and 35 ultra-
sound examinations. Eleven patients from the group were sat-
isfied with the procedure, the frequency and the comfort of the
treatment.

One patient (aged 20) did not return for the second follow-
up visit after the third treatment because no improvement had
occurred either clinically or through ultrasound assessment.

The patient satisfaction index gave the following results for
the eleven subjects three months after the third treatment: three
patients were little satisfied (satisfaction grade two), four patients
were somewhat satisfied (satisfaction grade three), four patients
were satisfied (satisfaction grade four).

The average satisfaction index among the eleven patients who
completed the protocol was 3.09 + 0.83. Counting the patient
who dropped out as dissatisfied (grade 1), the average satisfaction
index became 2.92 + 1.00.

A significant correlation between the satisfaction grade and the
improvement in the ultrasound parameters was tested. The sig-
nificance was not reached, due to one patient who ranked second
for the improvement in ultrasound parameters and scored a sat-
isfaction grade 2.

Satisfaction responses of individual patients were similar con-
cerning the procedure, the comfort and the observed improve-
ment. The most frequently reported improvements were tissue
firmness, tactile perception of tighter skin and reduction of sur-
face irregularities.

The photographs taken in the standing position showed a
slight improvement of the dimpling aspect and a reduction of the
gluteal fold, in some patients. Examples are shown in Fig. 19.1
and 19.2.

Immediately after each session, some erythema was observed, at
different times and of varying intensity, depending on the patient.
This erythema disappeared within 2-48 hours; no hyperpigmen-
tation or edema occurred. No other side effect was reported.

Ultrasound Examination

Qualitative aspects

The epidermis appears on the screen as a more or less straight
white line of varying thickness, depending on the area. The
dermis, like the hypodermis, is shown as dense areas interspersed
with hypoechogenic areas (Fig. 19.1 and 19.2). After treatment,
the hypoechogenic areas often appeared to be reduced in number
and size and the dermal thickness was reduced, resulting in a
more compact aspect of the skin. These subjective results were
confirmed by quantitative measurements as follows.

Quantitative aspects

The precision of the method used to provide an automatic evalu-
ation of the dermis thickness and a semi-automatic evaluation of
the dermal echogenic density was assessed by repeating the mea-
surements ten times on two healthy subjects at the forearm level,
repositioning the probe each time.

Subject one, male, aged 52, presented a dermal thickness of
3.50 + 0.26 mm. The resulting coefficient of variation was 7.31%.
The corresponding dermal echogenic density, expressed as a per-
centage ratio of the segmented area to the total area, was 25.51% +
2.42%. The resulting coeflicient of variation was 9.50%.
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Subject two, female, aged 23, presented a dermal thickness of
3.82 + 0.25 mm. The resulting coeflicient of variation was 6.55%.
The corresponding dermal echogenic density, expressed as a per-
centage ratio of the segmented area to the total area, was 20.61% +
1.78%. The resulting coeflicient of variation was 8.64%.

Individual precision measurements are shown in Fig. 19.3
(dermal thickness) and Fig. 19.4 (dermal echogenic density).

In the study, patient dermal thickness and echogenic density
were assessed at the treatment site before treatment (T0), one
month after the third treatment (T1) and three months after the
third treatment (T2).

At T1, 10 patients out of the 12-patient group had a reduced
dermal thickness and 10 patients presented with an increase in
dermal echogenic density. One patient did not show any reduc-
tion in dermal thickness but an increased echogenic density and
one patient with a reduction in dermal thickness also presented a
slight reduction in echogenic density.

For the group, dermal thickness improved from 3.21 + 0.49 mm
at time TO0 to 2.75 £ 0.62 mm at T1 (p < 0.05). Echogenic density
improved from 32.41% =+ 5.12% at time TO to 40.30% + 11.96% at
T1 (p < 0.05).

At T2, 10 patients out of the 12-patient group had a reduced
dermal thickness. Ten patients presented with an increase in
dermal echogenic density. One patient did not show any reduc-
tion in dermal thickness but presented with an increased echo-
genic density and one patient with a reduction in dermal thick-
ness presented with a slight reduction in echogenic density.

For the group, dermal thickness improved from 3.21 + 0.49 mm
at time TO to 2.54 + 0.44 mm at T2 (p < 0.01). Echogenic density
improved from 32.41% =+ 5.12% at time TO to 45.15% + 11.80% at
T2 (p < 0.01).

Individual patient measurements at time TO, T1 and T2 are
shown in Fig. 19.5 (dermal thickness) and in Fig. 19.6 (dermal
echogenic density).

Therefore, reduction in dermal thickness appears to be
the objective translation of the clinical skin improvement, i.e
tightening.

Discussion

In recent years, various physical and mechanical techniques have
been proposed to improve cellulite on prevalent anatomical sites,
mainly on the thighs but also on the arms and abdomen [16-
22]. Endermologie aims at draining water from adipose lobules
into the lymphatic system. This technique developed in France
in the 1970s utilizes a patented, electrically powered handheld
device to aspirate and massage the affected areas between the two
revolving rollers in order to improve lymphatic drainage. Collis
and co-workers [21], in a controlled trial of 52 patients, found
no statistical difference between thigh measurements while 11
of the 35 subjects described some (self-assessed) improvement.
Moreover, the slight ecchymosis which occurs on the treated
areas due to the massage and suction, may increase alteration of
the dermal vasculature, creating hypoxia, increasing proteoglycan
deposition and actually worsening cellulite [26]. Mesotherapy
aims at inducing a more or less specific action on inflammation
and vascular abnormalities and/or adipolysis [22] in the case of
phosphatidylcholine. But current scientific studies are yet to be
published.
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(a) (b)

Figure 19.1 (a) Pre-treatment, posterior side of the right thigh of a 58-year-old woman and ultrasound image. (b) Three months after treatment. 1:Epidermis; 2: Hypoecho-
genic area with herniations; 3: Hyperechogenic area: hypodermis boundary ; 4: Dermis thickness; 5: Reduction in gluteal fold; 6: Reduction in thigh circumference.

@ ' ®)

Figure 19.2 (a) Pre-treatment, posterior side of the left thigh of a 49-year-old woman and ultrasound image. (b) Three months after treatment. 1:Epidermis; 2: Hypoecho-
genic area with herniations; 3: Hyperechogenic area: hypodermis boundary ; 4: Dermis thickness; 5: Reduction in gluteal fold; 6: Reduction in thigh circumference.
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Figure 19.3 Precision measurements: dermal thickness.

Weight loss, diet and exercise have been cited to improve
cellulite but, if cellulite increases with weight gain, weight loss is
not sufficient to eliminate cellulite. And benefits attributed to the
various treatments should be more thoroughly analysed. These
techniques may indeed provide some temporary positive results,
but none of them has been identified as the technique of choice in
the armamentarium against cellulite.

The 1064 nm laser wavelength emitted by the Nd:YAG laser
has been widely used to rejuvenate collagen in the treatment of
skin aging, mainly on the face [36,44]. This wavelength pen-
etrates several millimeters into the skin and can produce sig-
nificant bulk heating of the deep dermis. It is currently accepted
that these changes may stimulate fibroblasts to produce new
collagen.

As it has been recently demonstrated that the heat shock
protein (HSP) 47 and 72 are significantly increased in the skin
after fractional resurfacing [45], a possible mechanism of action
could involve the stimulation of the production of Type I collagen
mediated through these HSPs.

Cellulite is a combination of hormonal factors, gender-related
dimorphism in the skin architecture, and inflammatory phe-
nomena. It is characterized by altered connective tissue septae that
isolate adipose lobules in the hypodermis as seen on MRI [13] and
high resolution ultrasound images [14,37].This results in subse-
quent herniation of the adipose lobules, deemed to be responsible
for the orange peel aspect. The protrusion of fat into the dermis
is a characteristic of female anatomy [28,29] and appears as low-
density hypoechogenic areas among denser dermal tissue.
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Figure 19.4 Precision measurements: dermal echogenic density.
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Figure 19.5 Patient measurements: dermal thickness.

The rationale for using the Nd:YAG wavelength to treat cellulite
was based on the understanding of this etiopathogenic condition,
trying to achieve the same effect on the connective tissue septae as
is achieved on the collagen in aging skin.

The exact target of the Nd:YAG radiation is still a subject of dis-
cussion. No highly specific chromophore has been described for the
1064 nm wavelength. This lack of specificity may be responsible for
the penetration depth, resulting in the bulk heating of the whole
skin in the irradiated area. Selective photothermolysis of lipids has
been described recently in the infrared spectrum [32]. However,
the absorption coefficient of the Nd:YAG wavelength by lipids is
not sufficient for this to be a possible mechanism of action.

Notwithstanding the incomplete knowledge of the molecular
effects, the present study highlights a potential clinical benefit
of the 1064 nm wavelength treatment on cellulite. The reported

T2

results are encouraging although the determination of the number
of treatments and their time intervals require further study for
optimization. The results of this study differ from another study [46]
which used the same device and this may be related to treat-
ment parameters and/or technique. We used the highest fluence
with this particular device (30 J/cm?), a large spot size (18 mm)
and a relatively long pulse duration (30 ms), in order to increase
the penetration in the depth of the skin. In our opinion, clinical
improvement is clearly related to the effect on deep structures.
Other factors include the number and duration of sessions, their
frequency, the number of pulses, the overlapping or pulse stacking
and the cooling.

Other wavelengths are worth exploring, especially those with a
higher lipid absorption coefficient, in an attempt to create a selec-
tive photothermolysis process. The validation of new treatments
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Figure 19.6 Patient measurements: dermal echogenic density.
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requires objective means of measurement such as MRI and ultra-
sound imaging to confirm clinical subjective improvement.

The inability to reach a significant correlation between the ultra-
sound parameters and the satisfaction grade may be interpreted as
the sign of a lag between the improvement in quantitative param-
eters and the improvement in clinical appearance; it points out
more certainly to the subjective value of satisfaction indexes.

In this study, ultrasound imaging coupled with the operator’s
independent quantitative measurements proved to be a useful tool
to evaluate the effects of the treatment on the skin. However, the
design of the protocol did not permit an assessment of whether
echographic changes were early predictors of future clinical ben-
efits. The 20 MHz frequency probe was the best choice to show the
epidermisline and more importantly the depth of the dermis where
the whole cellulite formation process takes place. The sensitivity
of the ultrasound equipment software was set for optimal dermis
imaging and never modified throughout the study. Although the
acquisition of the echographic image of the skin requires some
degree of training, the accurate results obtained with different
operators and with the repositioning of the probe showed that the
reliability of measurements was acceptable. The interpretation of
the images and the visual determination of the limit between the
dermis and the hypodermis are certainly the most critical sources
of variability in the performance of quantitative measurements.
The development of image-processing tools that define the shape
of the image based on the ultrasound energy recorded in each
pixel helps to overcome this limitation.

Conclusion

This clinical study is, to the best of our knowledge, the first assess-
ment study using ultrasound measurements to quantitatively
measure the efficacy of a laser treatment for cellulite. These results
demonstrate that skin ultrasound imaging is a non-invasive, effec-
tive, reproducible and accurate examination that can be used in
future research on the effect of laser treatments for cellulite. The
results of the present study have yet to be completed in an attempt
to identify potentially responsive and non-responsive patients and
to define the best treatment protocol.
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Appendix 1
In order to automatically analyze the ultrasound images, the pro-
cedure was as follows:

The image was extracted from the ultrasound machine as a jpg
file which resulted in a 1024 X 224 pixel image (Fig. 19.7).

The colour image was converted into a 256 grey scale repre-
sentation.

Figure 19.7 Jpg image obtained on the ultrasound machine.

Figure 19.8 Image obtained after the thresholding.

Figure 19.10 Image after median filtering.
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Figure 19.16 Comparison between original and final images.

- Holes were closed (43) using the same structuring element
as used in the dilation above (Fig. 19.12).

- A dilation was successively applied, a median filter six times
Figure 19.13 Image after last Roberts cross difference operator. and a Roberts cross difference operator, as described above
(Fig. 19.13).

- A split and merge algorithm was applied (44) in order to
reintroduce a differentiation of grey scales in the image and
to eliminate remaining artefacts between the epidermis and
the hypodermic boundary that had been obtained, by fil-
tering pixels with low grey scale (Fig. 19.14).

- The previous operation was repeated until the space between
Figure 19.14 Image after split and merge algorithms. the epidermis and the hypodermic boundary was cleared of
any artefact and was brought to a zero grey scale level, while
the rest of the image obtained appears at 255 grey scale levels
(Fig. 19.15).
The black area on the image that was so obtained at the end of
this process was the zone of interest i.e. the space between the
epidermis and the hypodermic boundary.
This area was characterized by the number of pixels at zero
grey scale (black) multiplied by the area of 1 pixel:
12 mm X 13mm

Figure 19.15 Final image.

j— —4 2
- Medium high intensity pixels (grey scale between 170 and 1024 X 224 68210 mm
200) were selected and their value set to 255 (maximum grey The resulting surface was divided by the number of pixel lines
scale) while all others were reduced to zero. This resulted in (224) to determine the average depth of the dermis.
a binary black and white image (Fig. 19.8). Echogenicity was obtained from the images in the format of

the ultrasound machine using the following procedure:
- A dilation operator was performed (40) using as the struc-

turing element a square image made of 8 pixels at 255 and - The processed image was superimposed onto the original
1 pixel at 0. This enlarged areas of foreground pixels and ultrasound image.
reduced the holes within these areas (Fig. 19.9). - The resulting shape of the zone of interest was copied manually

onto the ultrasound image (Fig. 19.16).

- Segment pixels above 40 grey scale were considered to have
medium to high echogenicity.

- The segmented area and the total area of the zone of interest

- A median filter was applied (41) once with a 3 X 3 window
in order to eliminate impulse elements from the image and
the “pepper and salt” noise (Fig. 19.10).

- The Roberts cross difference operator was applied (42) in its were provided as calculated by the ultrasound machine.
square root form. This gradient allows a preliminary edge - The ratio of the segmented area to the total area was calculated,
detection (Fig. 19.11). expressed as a density of echogenicity.
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20 Dermoelectroporation and Biodermogenesi®

Pier Antonio Bacci

Cellulitis represents today an unaesthetic condition that requires
a precise diagnosis and a precise therapeutical strategy characth-
erised by an integrated treatment with various methodologies.

The aim of the treatment is the best use of the various meth-
odologies and their therapeutic characteristics with the purpose
of improving both the aesthetic aspect of the orange peel, the
appearance of the unattractive dimpled skin or “dimpled fat”, and
the istho-pathological alterations that plotted them.

The scientific theory of cellulite is that the skin’s underlying
support called fibrous septae do not hold the skin together evenly
and this uneven support causes the irregular bulging and dimples.
The skin is tethered down by string-like tissues that pull it inward,
toward the interior of the body.

The tension of these strings pulls sections of fat in along
with them.

Cellulite has been compared to the dimples in a mattress that
are caused by the strings that hold the “tucks” down. In some
regions, such as the back part of the thigh and in the inferior
part of the buttock, because of the position, treatment can be
difficult.

In fact, it’s possible to notice fibrous tissue, with evident lipo-
disthrophy characterized by little water, little degenerated fat
and confined fibrous nodules and with fibrous strings where the
microcirculation has altered and the thermography points out a
low gradient of oxygen vascularisation, that is “cold cellulites”

A relaxed tissue and lipodisthrophy could have been plotted
instead in the arms and in the inside area of the thigh, with elegant
skin, a little bedewed but not fibrous.

It is necessary, in the first case, to vascularise, to activate the
metabolism and to induce the arrival of water and trophic sub-
stances, in the second case it is necessary to increase the tone and
the trophism of the tissue without water loss which would pro-
voke further yelding.

Of extreme utility the new “dermoelectroporation” is shown
for its characteristics of transdermal introduction of nutritional
drugs and as a metabolic activator [1].

The progress of medicine in these last decades, particularly those
of molecular biology have allowed us to understand many physi-
opathological trials and their relationships with the anatomical
structures and methabolic functions, up to the control of the genetic
structures, certainly opening new perspectives to medicine.

The enormous consequential impulse from the adoption of the
biomolecular strategies, in partnership to the best understanding
of the genetic phenomenons have opened the road to new meth-
odologies. Among these we find dermoelectroporation® [2-6].

This new methodology is a patented and powered drug delivery
system that is indicated for the local administration of ionic drug
solutions into the body for medical purposes and can be used, in
particular cases, as an alternative to injections.

What'’s “dermoelectroporation”?

The skin has an exchange function with the outside environment,

which is also used as a means of pharmacological introduction [7].
Endermic diffusion is a passive phenomenon; in fact the skin

behaves like a passive membrance. Penetration of the substances

takes place in two stages characterized by:

1. Dormancy stage, in which the dermic layer is charged, usually
electrically
2. Flow stage, in which the flow becomes constant

Dermoelectroporation treatment is a method that enables
absorption using equipment that generates special electric pulses
allowing the opening of special “electric gates” promoting the pas-
sage of substances of adequate size.

In 1970 a group of American dermatologists discovered that
by applying an intense electric impulse for a short time at an ade-
quate wavelength, the consequence was a change in polarization
of the cellular membrane which could be used to promote a kind
of cellular “pulsation”

In fact, after the initial pulse, the polarity is slowly reversed,
avoiding electrolysis, and this opens intercellular channels through
which substances can pass.

Once they are formed, these channels stay open for a relatively
long time, several seconds.

This method was named electroporation treatment and was
used, with special techniques, in the transdermic treatment of
melanoma.

Electroporation with high voltage is the only system, known
until now, to introduce trasdermally the substances of high mole-
cular weight. Over 4000 published scientific reports demonstrate
the activity and possibilities of the method [8].

Despite the very similar name, “Dermoelectroporation” is dif-
ferent, because the new method works with lower voltages in
comparison to “electroporation”.

In the apparatus used for medical and aesthetic purposes
(Transderm Ionto® by Mattioli Engineering), dermoelectro-
poration treatment is applied by a discharge given by an electric
inductor charged at a controlled current value and then discharged
with a typical kind of reversible exponential voltage wave.

Why does the new method work well only after dermabrasion of
the horny layer?
The answer could be that the high voltage in the classical elec-
troporation produces part poration of the horny layer, part
poration of the derma (with the residual energy after having
perforated the horny layer).

Dermoelectroporation eliminates the need for the high voltage
because the horny layer is eliminated with the dermabrasion and
so the voltage to porate the derma is lower.
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It works like the high voltage electroporation, but replaces the
dangerous and hardly controllable effect of the high voltage on the
horny layer with the safer dermabrasion.

The smaller energy is used only in order to open watery chan-
nels in the derma.

“Transderm® methodology”

It is a methodology that enables transdermal absorption using an
apparatus that generates pulses able to open “intercellular gates”
used for the passage of substances of suitable dimension avoiding
damage to the cellular membranes and of the genoma.

In the apparatus used in our clinical and aesthetical goals (defined
Trasnderm® by the producer Mattioli Engineering of Florence) the
electric activity of electroporation is given by a discharge sent by
an electric inductor loaded with a current value able to produce
discharge tensions up to 100 volts and therefore unloaded with a
typical reversing exponential waveform (Fig. 20.1).

In contact with the skin an intense ion flux develops that allows
to directly charge the skin to a value proportional to the voltage
applied.

In this way a temporary perturbation of the normal value of the
potential of the cellular membrane occurs and this determines an
increase of the permeability; this is dermoelectroporation.

Such situation remains for a limited time, because of the mech-
anisms of electrolitic conductivity, the potential on the membrane
to reach again its equilibrium state.

The technical innovation of the instrument is the use of a trans-
former to control the current and therefore the ion flux.

The Transderm® realizes a sequence of impulses of opposite
polarity to avoid the phenomenon of electrolysis on the electrodes
and electrolysis of the drug solution.

Dermoelectroporation, by providing a continuous reversed
polarity current, controlling the average pulse value, and var-
ying the pulse shape according to the skin’s specific electrical
impedance, promotes the transdermal delivery of drugs as in
classical iontophoresis, despite the fact that the average current
is zero.

Moreover, macromolecules are also transdermally delivered for
the first time from an iontophoretic device.

The absence of temporary pH change allows the use of micro-
dermabrasion before D.E.P. application.

Pre-treatment with microdermabrasion promotes the
transdermal delivery rate and ensures repeatability as a result
of the standardization of the thickness and permeability of the
stratum corneum.

The pulse shapes operates at a much lower energy and penetrate
even under high skin impedance conditions.

Possibility of use

Dermatological studies show as the intradermal or subcutaneous
use of collagen, jaluronic or elastin is the natural trial of regen-
eration or production shown here, while it is known plotted
regeneration can be stimulated using the substances of base that
constitute the precursors of such substances.

All of this has opened a new frontier in the anti-aging
protocols of regeneration and of rejuvenation reducing, in the
meantime, the use of the needles and bloodier methodologies.

Our experience is particularly on the face where we have had
good results using the protocol named “Bioresurfacing” that sig-
nifies a treatment procedure aimed at rejuvenating the face by
non-surgical, “soft”, out-patient treatment means [9-11].

Figure 20.1 This instrument contains in the same structure two probes for microdermobrasion and dermoelectroporation, and one electronic pump to distribute

equally different subtstances.
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This procedure is suitable in subjects exhibiting the effects of
acne, initial stages of skin aging without tissue yield, and upkeep
of aesthetic surgery.

The treatment requires bimonthly or monthly sessions - a total
of four to eight — of a procedure consisting first of superficial
microdermabrasion performed with corundum crystals, intended
for the removal of the corneus layer and for vascularization.

The treatment is aimed at improving the outer appearance by
stimulating reconstitution of new collagenous and matrix tissue,
but also reducing fibrosis in the difficult areas.

Skin smoothing performed by very superficial microderma-
brasion with corundum powder crystals, being made aseptic by
means of non-alcoholic detergents, the skin is smoothed without
being traumatized. At the end of the session, the crystals remaining
on the skin are used to perform a final regularizing “gommage”
with the fingers, and then the skin is washed with physiological
solution (Fig. 20.2).

These crystals are then used with a manual massage to promote
further mechanical smoothing of the skin.

Immediately afterwards, active substances such as collagen,
jaluronic acid, amino acids and elastin or, better, their precur-
sors are introduced by means of the dermoelectroporation treat-
ment, this new method for this purpose, consisting of a device
that exploits an electric wave characterized by the possibility of
creating the opening of “intercellular gates” that allow the passage
of the molecules.

Over the clean skin a sterile gauze pad is applied and on it is
poured a sterile solution of glicin, praline, lysine and glucoam-
minoglycan (so the precursors of the collagen and elastin and
jaluronic acid) whose transdermic introduction is helped by the
dermoelectroporation treatment. The procedure usually lasts 5
minutes per area, until the substances are absorbed. To care for a
little area with fibrosis and sclerotic septum we can use a particular
probe normally used to care for irregulaties of the lips (Fig. 20.3).

The equipment for dermoelectroporation treatment also makes
use of a vibrating action that stimulates the Merkel corpuscles to
greater connective restructuring of the tissue itself.

The cellulitis asks for integrated treatments according to
the various pathologies. There exist however zones of extreme

Figure 20.2 This slide shows the first phase of microdermabrasion using corundum
crystals.

Figure 20.3 This slide shows the second phase of dermoelectroporation to intro-
duce nutritional subtances.

difficulty such as the back part of the thigh, that have shown
notable improvements using, as extension of the normal pro-
tocols, a new I manipulate of dermoelectroporation purposely
conceived and improved.

University of Florence experimental studies have shown the
passage of trains of bovine collagen type 1, a big molecule of 0,8
micron, in the skin of rape using the methodology Transderm®
[12,13].

Its interesting to notice that as the molecules enter precise
zones of the skin using some watery channels, “the watery electro-
pores” they arrive in depth [14,15]. The big molecules, such as
collagen, have not altered.

Biodermogenesi®

This new Italian method is aimed to care for the alterations of
the skin structure charactherised by fibrosis and reduction of the
microcirculation (Fig. 20.4).

This new methodology presents four phases of treatment. In
the first phase a very superficial mechanical peeling is done to
stimulate a mechanical activation of the micro-circulation of the
skin, with the second phase using electric power to bring nutrition
to the tissue and cells using the active ingredients as precursors
of elastic and collagen. In the third phase, by the magnetic field,
we bring the blood moderately to the surface and we contem-
poraneously favour a cellular mitosis, particularly to the fibrose
tissues. In the fourth phase we activate a lymphatic drainage to
reabsorb toxins and water produced with the driven mitosis,
at the same time we restore the normal pH and hydro-lipid film
of the skin.

The third phase of this treatment is, with no doubt, the most
important one. The situation created from the continuous and
repetitive ionic migration, guaranteed by the higher activity
driven from sodium and potassium, realises a good cellular nutri-
tion and a toxin elimination. Thanks to the attrition generated by
the moving ions and to the better blood flux, with consequential
increasing of the oxygenation of the treated area, we can improve
the tissular temperature of 2-3 degrees centigrade favoring tissue
regeneration by an increase of the cellular mitosis by 300%, thanks
also to the flux of blood and oxygen.
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Figure 20.4 This instrument contains two probes for use of magnetic fields.

This instrument produces energy with a variable and constant
intensity of frequency, measuring through the feedback, the quan-
tity of energy that can be actually efficacious.

This exclusive stimulation interacts with the sodium and potas-
sium pumping, which are real biological vehicles able to transport
inside the cellular membrane all precursors for intracutaneous
nutrition. This synergy permits the derma to expand, encouraging
a progressive renovation of the capillary calibre (Fig. 20.5).

Clinical studies and biopsies enable us to see the change of
the skin structure about extracellular matrix and collagen tissue.
We can see also an interesting increase of reticular layer demon-
strating a new metabolism of the skin thanks to the better micro-
circulation [16,17] (Figs. 20.6 and 20.7).

Figure 20.5 Two probes provide magnetic fields to increase temperature and
microcirculation.
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The regenerative process of the Biodermogenesi™ is deter-
mined with the production of collagen and elastic fibers in order
to permit a stability of the obtained result. The elastic collagen
starts to take its specific action inside the skin which gives the
correct support that permits the blood supply of capillary and re-
activates the fibroblast (Figs. 20.8 and 20.9).

The reactivation of cell production, a superior vascularisation
and restart of the lymphatic circulation system are able to guar-
antee a superior hydration of the tissue that has a much more
compact and turgid look. Using this strategy in the difficult area,
as an internal face of the thigh of a young girl with stretch marks
and cellulitis, we can have a real improvement of the visibility of
the red marks with reduction of the scars and the orange peel skin
at the same time.

Biodermogenesi is a revolutionary method for cellulitis because it
uses a sophisticated device emitting radiofrequencies and magnetic
fields together, providing us with the possibility of reducing the cel-
lulitic nodules without causing damage to the vascular structure,
muscles, bones and internal organs. The adipose cellulites which
are effected by this treatment deflate with liberating lipids and trig-
lycerides which then will be eliminated physiologically from the
organism, but above all liberate the energy.

Here is the innovation: this energy is used from the other
handful of magnetic fields which is used at the same moment and
has the capacity to restore the tissue, avoiding breakdown and
treating the orange peel skin.

Each Biotermogenesi session is about 40 minutes for 10-20
cycles of a treatment (Fig. 20.10).

The new method takes the advantage of uniting the magnetic
fields and shock waves in a way to induce a progressive reduction
of the adipose tissue and progressive repair of the tissue with the
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Figures 20.6-7 These biopsies, before and after, show the improvement of the skin  Figures 20.8-9 These biopsies, before and after, show the improvement of the same
with fibrose cellulite and stretch marks only using the Biodermogenesi, we can see  are with the reduction of pericapillar flogosis, an improvement of reticular dermal
the increase of reticular fibers after treatments. layer and regularisation of the collagen.

Figure 20.10 The application of Biodermogenesi.
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cellulite. For the first time a method of work is studied that on the
same device is reacting on two levels contemporaneously using
the energies that are compatible biologically, first fighting against
adiposity for reduction then transforming part of the same adi-
pose tissue in to an energy which is necessary for the repair of the
skin with the cellulite.

The utilisation of this method will become a must in the treatment
of all kinds of cellulite, for different reasons classified in four clinical
groups, each of them needs a different personalised treatment.

Dermoelectroporation and Biodermogenesi

We cannot have miracles, and this integrated protocol does not sub-
stitute liposculpture but it can be a good integration of the surgical
moment and an interesting solution for non-surgical patients.

The experience of using the two combined therapies gave very
interesting results on more than 100 treated patients, 30 patients
done with the single handful confirmed the positive results espe-
cially those who followed a complete combined treatment.

There are several stages in attaining this end:

1. Traction of the strings, lymphatic drainage and vascularization
performed with Endermologie®.

2. Skin smoothing performed by very superficial microdermabra-
sion with corundum powder crystals (Ultrapeel Transderm®
by Mattioli Engineering).

3. Electric and pharmacological stimulation, using the dermo-
electroporation treatment with Transderm®.

4. After that we can apply a session of Biodermogenesi (by Expo
Italia®) to improve the cellular activity and adipose methabo-
lism using magnetic field.

The treatment is usually performed once or twice a week for 10-15
times, and then a maintenance treatment every 21 days.

Certainly, DermoElectroPoration and Biodermogenesi are not
the panacea for cellulite but it is an interesting integrated and non-
invasive treatment, as a valid weapon for the treatment of the adi-
pose and fibrose cellulite in the difficult areas, as posterior area of
the thigh, buttock and for painful cellulite [22-24].

Surely, however, it represents a new frontier in the knowledge
of the physiopathology and in the treatment of that great world
of the “interstitial matrix” and it certainly represents an open
window in the future.
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21 Carboxitherapy
Gustavo Leibaschoff

Carboxitherapy consists of the therapeutic use of carbon dioxide
(CO,) in its gaseous state, either transcutaneous or by subcuta-
neous injection.

Carbodioxidetherapy (CDT) is the subcutaneous administra-
tion of the gas.

This therapy was first performed in Argentina [1] and in
France, in the thermal waters station of Royat, near Clermont
Ferrand [2]. There a group of cardiologists from the hospital
of Clermont Ferrand, began to treat patients with peripheral
organic and functional arteriopathies (atherosclerotic, Buerger’s
disease, Raynaud’s disease, etc.). In 1953 the cardiologist
Jean Baptiste Romuef, published a paper about his 20 years of
experience with the subcutaneous injection of CO, [3]. After-
wards, the Parisian cardiologist Jerome Berthier, along with
Luigi Parassoni from Gaillard A, started its application on
patients with cellulite [4].

The first paper about the use of CDT was published in the
Journal of the Argentine Medical Association (1934).

Up to 1983 402,000 patients had been treated in Royat. By
1994, 20,000 patients were treated per year. This number of
patients confirms the popularity and perhaps the efficacy of this
therapeutic method.

Carbon dioxide (CO,) is an odorless colorless gas first dis-
covered by Van Helmont, in 1648. The clinical use of CO, is not
new. Many years ago, in France, Clermont Ferrand used thermal
CO, (CO, 99.4%, N 0.558%, O, 0.021%, plus argon, xenon, and
krypton traces) for treating lower limb peripheral arteriopathies,
especially the obliterating ones [5].

When administered subcutaneously, CO, immediately diffuses
at the coetaneous and muscular microcirculatory level.

After the administration of 200 cc of CO, in the canine thigh
subcutaneous tissue, CO, is detected in femoral venous blood in
approximately 5 minutes, with a maximum time lag of 30 minutes.
This demonstrates the ability of CO, to diffuse across fasciae, and
reach the underlying muscles [6].

Most of the gas is eliminated through the lungs (expiration),
while a smaller portion is converted into carbonic acid in tissues
and eliminated through the kidneys.

At the vascular level, CO, increases vascular tone and produces
active microcirculatory vasodilatation. CO,-induced vasodilata-
tion results from its direct activity on arteriole smooth muscle
cells [7].

In addition, this promotes Bohr’s effect, a mechanism that
allows tissue CO, transfer to lungs and lung O, transfer to tis-
sues through the oxy-hemoglobin dissociation curve. When
administered through an external route, CO, promotes this
mechanism, resulting in a higher tissue oxygenation and
neoangiogenesis.

Although itis toxic wheninhaled (10% in air may cause asphyxia),
subcutaneous or intra-abdominal administration of CO, has not
shown any toxic effects, even at high doses (2-10 liters).

Pharmacodynamics

Active vasodilatation

Direct activity on arteriolar smooth muscle fiber
Sympathicolytic activity

Increase in arterio-arteriolar sphygmicity

Increase of oxidative phenomena, with the resulting hydro-
lysis of triglycerides into fatty acid in the adipose tissue
Haemorheologic activity

e Improves erythrocyte deformation

Indications

Cosmetic medicine
Cellulite PEFE [8]
Localized adiposity
Skin laxity
Aging skin of the face [22,23]
Stretch marks (estriae)
Cosmetic Surgery [11]
Pre and post lipo [25]
Complications of lipo
Angiology
Organic and functional artheriopathies
Microangiopathies (atherosclerosis, diabetic)
Urology
Erectile dysfunction
Dermatology
Psoriasis
Phlebology
Ulcers

Cosmetic Surgery

In this case I use CO, three weeks before liposculpture and con-
tinue the treatment 10 days after the surgery, for two months,
twice a week (pre- and post-liposculpture) [9].

According to the most recent studies, cellulite has its origins in
the ECM (extracellular matrix) and in the microcirculatory alter-
ations, the network of diminutive arteries, veins and lymphatics
that crosses the connective tissue.

If this microcirculatory system starts failing, the tissue is not
fed efficiently.

Substances start accumulating and forming edemas, nodules,
and skin retractions.

The CO, reverses this situation when injected in the affected zones
through a very thin needle (27 G). It produces vasodilatation [10].

It improves the speed of the microcirculation (increase
flow motion).

The tissues receive more oxygen and the toxins are eliminated.

The edema is reduced.

It also favors the lipolisis (reduces the size of the fat cells), and
the lipoclasis (the destruction of the fat cells) [13].
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Figure 21.1 Before and after with CO,, twice a week plus mesotherapy; notice the surface of the skin. (=1E, p. 199, Fig. 2).

Another interesting fact is that Carboxitherapy provides
excellent results for patients with longtime cellulite.

It also provides great results for young patients as a preventive
method.

Lipodystrophy and cellulite are pathologies in which micro-
circulatory disorders resulting in interstitial edema constitute
triggering factors that also support the pathological process.
Since subcutaneous CO, improves capillary blood flow and
reduces stasis, Carboxitherapy contributes to the restoration of
microvascular-tissue unit exchanges.

Administrated through a subcutaneous route, CO, causes sub-
cutaneous microcirculation vasodilatation expressed inan increase

of blood flow and the opening of “virtual” capillaries that nor-
mally are closed. This seems to occur from dilatation of arteriole
smooth muscle cells [12], with an increase in tissue CO, that is
maintained for a certain post-therapy period [13].

In the case of cellulite and lipolymphedema, Carboxitherapy
shows an effective activity. Cellulite and lipolymphedema
show microvascular alterations (stasis micro-angiopathy) and
histomorphological disorders (adipocyte aggregation and
fibrosis) [18].

Carboxitherapy technique produces a lipolysis action by
increasing the blood flow in pre-capillary arterioles and also by
stimulating the fat cells’ betal-2 adreno-receptors [24].

Figure 21.2 Before and after treatment with Carboxitherapy, plue mesotherapy and Endermologie.
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Figure 21.3 The sections show subcutaneous cell tissue with varying degrees of
mucinosis, interstitial edema, and proliferation of blood and lymphatic vessels with
varying degrees of microangiopathies (grade 1 and 2, according to Handelsman).
There is fibrous thickening of the interlobar connective septa and inflammatory
perivascular and interstitial infiltrates [25]. Diagnosis: Edematous-fibrosclerotic
panniculopathy (cellulite).

The concept of localized adiposity is often misunderstood.

Histological studies showed hypertrophic fat cells (larger size),
hyperplasy fat cells (larger number) and always a microcircula-
tory and lymphatic alteration is reported.

This is why CDT is suggested as an initial treatment in
localized obesity, because it will improve the microcirculation and
the lymphatic system helping in that way to eliminate the metabo-
lites of the fat cells.

This was also evident in treatments for systemic multiple lipo-
matosis in which, in combination with surgery, a reduction in
adipose masses was observed. Hence, it is evident that Carbox-
itherapy has good results both in terms of clinical manifestations
and histology [14].

Treatment Method
Equipment
Allows CO, administration in a controlled manner: flow velocity,
injection time, total volume and monitoring of administration
dose percentage.

The gas in the canister is administered in sterile conditions, at
very low pressure.

Figure 21.4 Modern device for Carboxitherapy, that allows work without pain and
in a safe way.

(a)

(b)

Figure 21.5 (a) Videocapillaroscopy before the use of CO.; (b) After administration
of subcutaneous CO,, there is an increase in vertical capillaries (black points) and
transverse capillarie.

Inject the gas through a state-of-the-art computerized unit at
a constant pressure and volume in a period of time; also allow a
perfect control of the amount of gas, from 1 cc to 100 cc.

CO, is applied in the subcutaneous through a very fine small
needle (27 G, 30 G) and in a different depth accord the aesthetic
pathology:

1 mm: In stretch marks, laxity in the face and neck,

2 mm: Detachment in the face and neck (for example, in deep
nasolabio fold)

4 mm: Laxity in the body, and in the treatment of cellulite

8-10 mm: Subcutaneous administration in localized adiposity.

The goal for the successful subcutaneous application of
CO, is injection in different planes, superficial (1 mm),
medium (3-4 mm) for collagen stimulation and more uniform
surface, and subdermal inside the fat deposit (6-10 mm) for
lipolysis.

The Carboxitherapy (CDT) effects start in the microcircula-
tion and can be observed through a videocapilaroscopy (VCP),
allowing doctors to demonstrate the action of the technique
before results are visualized on the surface [15].
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Figure 21.6 Before CO,, less number of vertical capillaries (VC); after increase the number of VC and the color look more pink (increase of microcirculation).

Until now, the absence of clinical parameters and instruments,
for the semiologic characterization and differential diagnosis
limited treatment investigation to inspection and palpation.

With the VCP we can see the changes at microcirculatory level
and know if we are making the right treatment.

VCP is a non-invasive method that analyzes capillaries through
static and dynamic images [16].

Also, the VCP allows the observation of:

morphology of vascular micro-architecture
morphology of capillaries

degree of capillary filling

type of capillary flow (color)

assessment of an increase in vascularization
increase in capillary density

morphology of the venular system.

One of the most scientific classifications of cellulite was made for
the Plastic and Reconstructive Surgery Cathedra of the University
of Sienna, headed by Dr. Prof. D’Aniello. They use the clinical,
the videocapillaroscopy (VCP), the laser fluxometry and the
histopathology for diagnostic classification.

This linkage of the morphologic and biologic allows us also to
evaluate evolutionary purposes and prognoses.

A complete system consists of a probe, a lens, a power supply,
and a monitor. The handheld probe is comfortable and lightweight.
Lenses are easily installed and switched.

Figure 21.7 Scalar VL-7EX video visualization systems enhance skin analysis.
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The VL-7EX features freeze-frame capability. The VL-7EX video
microscope is a high quality, low cost, light weight, and handheld
electronic imaging system. Video microscopy allows the med-
ical professional to perform evaluations of skin conditions “live”
(microcirculation), while patients view their condition on the
screen as the analysis is being performed. With the VL-7EX video
microscope, one can see both the surface and sub-surface details in
high resolution on a full-color video monitor display.

When used by aesthetic physicians, the Scalar VL-7EX
video microscope enhances the clients understanding of the
specific characteristics of the microcirculation and features of
their skin.

Scalar VL-7EX video microscopes add efficiency and depth to
analyses of skin (microcirculation). Effective treatment and ser-
vices performed can be verified with before and after comparisons
that are achieved by archiving video images to printers or VCRs
attached to the instruments.

Gustavo Leibaschoft, MD, and Cosmetic Surgeon Luis Coll, MD
(Universitary Dermatologist UBA) conducted development and
study about the cellulite, Carboxitherapy (Carboxy-Pen™) and
videocapilaroscopy in 15 patients with cellulite syndrome (EFP).

The images obtained in the prospective study by VCP showed
that immediately after the first session using Carboxitherapy in
different doses, 150 cc and 50 cc vertical capillaries significantly
increase, 35.2 +/—3.3% per mm?” in the area of injection.

After a week of the Carboxitherapy session the images showed
a decrease of 8.2% of vertical capillaries compared with the pre-
vious images post-injection.

Contraindications of CDT

Recent or acute myocardial infarction
Inestable angina
Congestive heart failure
Severe high blood pressure
Acute thrombophlebitis
Gangrene

Localized infections
Epilepsy

Respiratory failure

Renal failure

Pregnancy
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Figure 21.8 In each quadrant inject 50 cc (follow blue arrow).

Side Effects of CDT
Local burning or oppressive pain, fleeting, at the injection site are
related to flow velocity and patient’s pain threshold.

The Carboxy-Pen™ device uses an special regulator allowing a
progressive control of the flow pressure of the gas injection with
fewer less side effects.

Limb heaviness sensation (no longer than 2 hours), is related to
dose (more than 300 cc in each limb).

Rubor at the injection site, during 30 minutes.

Echymosis (try to avoid vessels and varicose veins).

Subcutaneous crepitation, of variable duration (no longer than
30 minutes).

Protocol in Cellulite
Subcutaneous injection using volumes between 100-200 cc per
limb. Initial flow may vary between 10-50 cc/min [17].

It is advisable to make punctures in different directions
(downward-upward and upward-downward) with a 27 G or 30 G
needle.

Divide the area into four to six quadrants per limb (see the
diagram below).

The first session it is suggested to inject no more of 10-20 cc
per quadrant and then in the following sessions increase up to
50 cc per quadrant.

Accompany with manual massage (move fingers as in piano
playing over subcutaneous emphysema areas) in order to con-
tribute to gas diffusion, to control emphysema and to reduce
patient’s possible discomfort.

Frequency of Sessions

On a daily basis

Ideal for patients staying at thermal centers or patients receiving
one-week treatment. Generally, two or three cycles per year are
suggested.

Two or three sessions per week

It is the more widespread frequency and the most recommended,
particularly if symptoms and an important microcirculatory
stasis are present. Also used for achieving lipolytic effects (to
reduce localized obesities).

One session per week
An alternative for patients with aesthetic problems, showing no
symptoms. At least 15 sessions should be performed.

CDT has its use in facial treatment as well, in the laxity of the
skin, in the periocular area to decrease dark circles, to increase the
firmness of the skin and reduce the hyperpigmentation.

In the skin rejuvenation before the mesotherapy, CDT increases
the aesthetic results.

For a full facial treatment, the total of CO, is around 10 cc.
In the forehead several punctures (six to eight weekly), 1 mm
depth, 1 cc of CO, In the temporal and preauricular area (close
to the hair line) one puncture in each area, weekly, I mm depth,
1 ccof CO,.

Over crow’s feet one puncture in each small line, weekly,
1 mm depth, 1 cc of CO,.

In the superior eyelid, one puncture, monthly, 2 mm depth for
detach, 1-2 cc of CO,. The same for the inferior eyelid.

Over the Nasogenian fold first one puncture monthly, 2 mm
depth for detach, 1 cc of CO, and 2 superficial punctures, 1 mm
depth in the line of the Nasogenian fold, monthly, 1 cc of CO, each.

Figure 21.9 Before liposculpture.
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Figure 21.10 After liposuction and after 20 sessions of CO, 300 cc each leg.

In the neck, if there is only laxity of the skin, three punctures,
one below the lateral jaw angle (both sides), one below the chin,
2 mm depth for detach, 1-2 cc of CO, in each puncture every
15 days. With localized obesity in the neck, a subcutaneous
puncture 6 mm depth, below the chin, 5-10 cc of CO, every
15 days.

For the revitalization of the chest, several punctures (six to eight)
with a regular distribution, 1 mm depth, 1 cc of CO,, weekly.

The eyelid treatment with Carboxitherapy used once weekly
typically begins to show an improvement in eyelid pigmentation
after one to three weeks, the texture after two to four weeks and
the eyelid contour in three to five weeks.

When Carboxitherapy is performed less frequently the results
occur more gradually.

The treatments continue for two to three months and need to
be repeated after six to 12 months depending on the case [22].

Stretch Marks
The first results with the use of CDT are seen after a few
sessions [21]. The quality of the skin is important in the treat-
ment of the stretch marks. There will be a better result if there is a
soft skin texture, a good firmness of the skin and a homogeneous
color of the stretch marks (more pink).

One session every 15 days for three to four months.

The technique is a combination of a single deep puncture
(6 mm) injecting CO, 200 cc and multiple superficial (1 mm)
punctures injecting CO, 5 cc in each stretch mark path.

Conclusions

It’s a useful tool for the treatment of cellulite, localized adiposities,
stretch marks, skin laxity, etc.
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Easy application with no significant or adverse side effects.

Possible association to other types of procedure (mesotherapy,
radiofrequency, etc.) [20].

Device: It's important to have a device that allows a progressive
control of the flow, slow or fast, small or larger amount of gas (1 cc
to 100 cc) according to treatment needs. These are the conditions
to obtain a painless application.
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22 TriPollar™ Radiofrequency
Woraphong Manuskiatti

Introduction
Radiofrequency (RF) energy is a wavelength situated in the range
of electromagnetic rays. Propagation of RF through the cutaneous
tissue rapidly oscillates electromagnetic fields causing a move-
ment of charged ions within the tissue which subsequently creates
an electrical current generating heat proportional to the dermis’
and subcutaneous tissues’ electrical resistance. The application of
RF has been extensively used in surgery for hemostasis and tissue
ablation (electro-surgery) [1-3], but more recently RF has been
applied as a means of shrinking redundant or lax connective tis-
sues through the mechanism of collagen denaturation [4-6]. Col-
lagen molecules are produced by fibroblasts which synthesize
three polypeptide chains that wrap around one another in a triple
helix. The phenomenon of thermal shrinkage of collagen begins
with denaturation of the triple helix of the collagen fibers. When
collagen is heated, the heat-labile intramolecular cross-links are
broken, and the protein undergoes a transition from a highly
organized crystalline structure to a random, gel-like state (dena-
turation). Collagen shrinkage occurs through the cumulative
effect of the “unwinding” of the triple helix, due to the destruction
of the heat-labile intramolecular cross-links, and the residual ten-
sion of the heat-stable intermolecular cross-links. Heated fibro-
blasts are also implicated in new collagen formation and collagen
remodeling which also contribute to the final cosmetic outcome.
The precise heat-induced behavior of connective tissues and the
extent of tissue shrinkage are dependent on several factors which
include the maximum temperature reached, exposure time, tissue
hydration and tissue age [7].

RF energy can be delivered to cutaneous tissue through either
a single-electrode tip and a grounding plate (mono-polar—the
first generation RF technology) [6,8] or a two-electrode appli-
cator (bi-polar—the second generation RF technology) [9,10].
Less electrical current is required with a bi-polar RF than with a
mono-polar one for achieving a similar tissue response, because
the current penetrates through a much smaller volume of tissue.
When a mono-polar RF energy is applied for volumetric heating
of the skin, the RF current will find the path with the least
electrical resistance to flow in the body (i.e. vascular and lymphatic
systems), so the benefit of heating the adipose tissue, which has

Table 22.1 Summary of current radiofrequency technology

a higher electrical resistance, is controversial. In contrast, with a
bipolar RE, the electrical current propagation is limited to the area
between the two electrodes, and the depth of penetration under
the skin is estimated to be approximately half the distance between
the electrodes. Therefore, the depth of penetration is constant and
cannot be changed for various body areas or different skin condi-
tions. Moreover, mono- and bipolar RF configurations must use a
cooling device in order to prevent epidermal overheating and the
potential for burn injuries, thus reducing the efficacy of the treat-
ment (Table 22.1).

Developed in 2006, TriPollar™ RF is the third generation
RF technology employing a multiple-electrode configuration
(Figs. 22.1-22.2). TriPollar technology is based on the use of three
or more electrodes to deliver focused RF current into the skin,
thus generating heat through resistance in both the dermal and
subcutaneous layers. The depth of heat penetration is approxi-
mately the average distance between the three electrodes. One acts
as a positive pole while the other two act as negative poles. The
current flowing through the common, positive pole is twice that
which flows through each of the negative poles. To avoid over-
heating of this common pole and of the tissue in contact with this
pole, a sequence of electrical modulation is applied so that each
electrode, in turn, acts as the common pole. Due to its design, no
active cooling of the electrodes or the skin is required.

Mechanisms of Action

The radiofrequency device is used to deliver selective and focused
electro-heating to the dermis and subdermal layers of the skin,
causing instant collagen contraction and subsequent remodeling
[7,11]. An immediate tightening effect is visible on the skin fol-
lowing each treatment due to collagen fibers shrinking [8,12].
Thermal injury of the extracellular matrix initiates a cascade of
wound healing phases including inflammation, proliferation, and
collagen remodeling. The latter two phases of wound healing are
thought to be the most important mechanisms responsible for the
outcome of the treatment. These effects are more pronounced a
few weeks to months following the treatment when the migration
of fibroblasts into the inflammatory area initiates the production
of new collagen fibers [13,14].

Technology  Penetration depth Required power
Monopolar Deep and uncontrolled High power (200—350 W)
5—20 mm
Bi-polar Superficial and constant Medium power
1—5 mm (10—200)
TriPollar Dermal and subcutaneous

Low power (5—30 W)
layers 20 mm

Warm massage-like
sensation

Pain level Cooling device Clinical outcome
Very painful Always required After 5—6 months
Painful Sometimes necessary After days-weeks

No cooling needed Some temporary
immediate result. Long-
term outcome noted

after weeks
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Figure 22.1. TriPollar radiofrequency applicator. The three-electrode configura-
tion of TriPollar RF is aimed to deliver focused RF current into the skin tissue.
(Courtesy Pollogen Ltd., Tel Aviv, Israel).

Moreover, simultaneously heating the superficial and deep layers
of the skin may enhance local blood circulation and drainage of the
free fatty acids to the lymphatic system. This is confirmed by find-
ings of a previous study on the effect of TriPollar™ RF in ex vivo
human skin harvested from a post-abdominoplasty skin sample
and maintained in survival conditions [15]. Following a single
treatment at 25 watts (W) to a skin model, a significant increase in
glycerol release by the skin was observed, indicating an increase
of tissue lipolytic activity (Fig. 22.3). In addition, following Tri-
Pollar™ RF treatment, neocollagenesis was demonstrated with a
statistically significant repair of altered collagen in skin that was
experimentally aged using UV radiation, with a tendency towards

increasing collagen synthesis (Fig. 22.4). The histological analysis
of the subcutaneous layer after the TriPollar™ treatment demon-
strated elongated and irregular-shaped adipocytes with shrunken
and partially ruptured cell walls. No tissue necrosis or carboniza-
tion of the hypodermis was observed (Fig. 22.5). Similar to the
aforementioned study, a recent histological examination of a skin
biopsy taken after seven TriPollar™ RF treatments revealed an
increase of 49% in dermal thickness, focal thickening of collagen
fibers and focal shrinkage of fat cells [16].

Indications
The TriPollar™ RF system is currently used for

- Treatment of skin laxity (Fig. 22.6)

- Improvement of skin texture (Fig. 22.7)

- Treatment of cellulite (Fig. 22.8) and body contouring
(Fig. 22.9)

- Localized fat reduction

- Improvement of striae appearance (Fig. 22.10)

Contraindications
There are several contraindications to using TriPollar™ RF device,
including

- Having an implant in the treatment area, or an active implant
(including pacemaker) anywhere in the body
- History of bleeding coagulopathies or use of anticoagulants

Figure 22.2 TriPollar electrode configuration. One electrode acts as a positive pole while the other two act as negative poles. The current flowing through the common,
positive pole is twice that which flows through each of the negative poles. (Courtesy Pollogen Ltd., Tel Aviv, Israel).
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513.9+3

Figure 22.3 Evaluation of the lipolytic effect following a TriPollar™ RF treat-
ment. A significant increase of glycerol release of the treated skin is demonstrated.
(Modified from Boisnic S. Evaluation du dispositif de radiofréquence tripolaire
Regen™ en utilisant un modele experimental de peau humaine. Nouv Dermatol.
2008;28:331-332.)

- Expectation of pregnancy, pregnant, having given birth less
than three months prior, postpartum or nursing

- Having significant concurrent skin conditions, including
infections, herpes simplex, open lacerations/abrasions or any
inflammatory skin conditions affecting the areas to be treated

- Having or undergoing any form of treatment for active
cancer, having a history of skin cancer or any other localized
cancer in the areas to be treated, or having pre-cancerous
lesions at the treatment areas

- Undergoing invasive or ablative procedures in the areas to
be treated such as: liposuction, plastic surgery, any other
surgery in the treatment area, laser resurfacing or deep
chemical peeling during the course of the treatment, or
before complete healing has occurred

- Taking medications, herbal preparations, food supple-
ments or vitamins that might cause fragile skin or impaired
skin healing such as prolonged steroid therapy, NSAIDs,
warfarin, heparin, ginkgo, ginseng, garlic, etc.

System Overview

The Regen™ system (Pollogen Ltd., Tel Aviv, Israel) was the first
system based on the TriPollar RF technology delivering energy at
a frequency of 1 MHz and having a maximum power of 30 watts.
Two applicators of different sizes are available for treatment of dif-
ferent anatomical sites including the face, neck, arms, abdomen,
buttocks and thighs (Fig 22.11). Recently, the second generation
of TriPollar RF—Apollo™ system with a maximum power of
50 watts has been launched (Fig. 22.12). Three sizes of applicators,
large, medium and small, for the body, arms, neck, and face,
respectively, are available.

Treatment Technique

Prior to treatment, remove all jewelry, including necklaces, brace-
lets, watches, rings, etc. Clean the treatment area with soap and
water and dry completely. Take pre-treatment photographs and
circumference measurements at specific reference points, as a
baseline assessment. Prepare the patient in a comfortable position
for treatment. After that, set the appropriate treatment parameters
for the specified treatment area. Then, lubricate the treatment area
with a thin layer of glycerin oil. Glycerin oil acts as a lubricant. In
addition, glycerin has high electrical resistance, thus ‘forcing’ the
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Figure 22.4 Histological examination. (a) Untreated skin; (b) Ultraviolet (UV)-
irradiated skin; (c) UV-irradiated skin follow by TriPollar™ RF treatment. Note the
new collagen production induced by RF treatment. (Courtesy Sylvie Boisnic, M.D.)

electrical current to enter more deeply into the skin. Position the
TriPollar™ applicator suitable for the treatment area on the skin
and press the foot switch to begin treatment. During treatment,
place the applicator on the area to be treated, with slight pres-
sure and maneuver in linear or circular massaging movements,
depending on the area. Both the patient and operator should
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(a) (b)

Figure 22.5 Histological finding of adipocytes in the subcutaneous layer after the TriPollar™ treatment demonstrates modifications in the shape (inhomogeneity:
elongated, irregular) of the membrane (shrunken and some have partial ruptures of the cell wall). No tissue necrosis or carbonization of the hypodermis layer was
observed. (Courtesy Sylvie Boisnic, M.D.)

Figure 22.6 Submental and neck skin, before treatment (a);
immediately after TriPollar™ treatment (b); after six treat-
ments (c). (Courtesy Alex Levenberg, M.D.)
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(@)

(b)

Figure 22.7 Arm skin, (a) before treatment; (b) after seven TriPollar™ treatments. Note the progressive skin tightening and improvement of skin texture. (Courtesy

Alex Levenberg, M.D.)

monitor in real-time the treatment effects. The operator should
constantly monitor skin tightness, warmth and erythema, while
periodically measuring skin temperature using a non-contact
IR thermometer. Shortly after commencing treatment there will
be a noticeable tightening of the skin in most patients. Addi-
tionally, approximately three quarters of the way through the
treatment, erythema should be visible (Fig. 22.13) and the skin
should be warm to the touch. Measured skin temperature should
be maintained between 40°C-42°C for safety reasons. The
erythema usually disappears within 2-3 hours after completion of
the treatment.

Treatment Regimen

Treatments shall be given once a week for a period of six to eight
weeks [17,18]. A previous study demonstrated that the treatment
effects appeared to be sustained as long as one and a half months
after the treatment was discontinued [17]. However, monthly
maintenance treatments are recommended to further enhance the
clinical results achieved.

Initial Studies

Recent studies have demonstrated that TriPollar™ RF treatment
is an effective and safe procedure for circumference reduction and
cellulite treatment. Manuskiatti and colleagues [18] performed
eight weekly treatments of TriPollar™ RF on 39 healthy females
with cellulite measured as Nurnberger—-Muller cellulite scale II
or above. The study subjects were evaluated both quantitatively
by measuring body weight, circumference and thickness of the
superficial subcutaneous tissue, and qualitatively by photographic
assessment and patient satisfaction questionnaire.

According to the study, significant reduction of circumferen-
tial measurements of the abdomen and thigh was observed, com-
paring between the baseline and one month following the final
treatment visit, and were reduced 3.50 * 4.61 cm with a max-
imum reduction of 14.4 cm, and 1.71 = 2.20 cm with a maximum
reduction of 9.1 cm, respectively. Reduction of circumference
measurements of the arm (maximum reduction of 1 cm) and but-
tock (maximum reduction of 5.2 cm) areas comparing between
baseline and one month following the final treatment visit was not

(a)
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(b)

Figure 22.8 Cellulite on the buttock, (a) before treatment; (b) after five TriPollar™ treatments. (Courtesy Pollogen Ltd., Tel Aviv, Israel).
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(a)

(b)

Figure 22.9 Body contouring. (a) before treatment; (b) four weeks after eight
weekly TriPollar™ treatments with 9 cm reduction of the abdominal circumfer-
ence; () eight weeks after treatment.

statistically significant. Evaluation of circumference measurement
at one month after the series of treatments was stopped, con-
firmed that a significant circumference reduction was sustained
(less than 1% reduction in efficacy was noticed). Quartile grading
scores correlating to approximately 50% improvement in overall
cellulite appearance were observed.

As is consistent with reports from prior studies on RF-induced
skin tightening [5,6,19], initial studies using the TriPollar™ RF
device [17,18] also noted considerable variability in the treatment
outcomes, with some subjects achieving marked improvement
and others showing minimal improvement or unchanged from

(b)

(c)

Figure 22.10 Striae rubra (a) before TriPollar™ treatment; (b) one month after
six weekly treatments; (c) three months after six treatments. Note the progressive
improvement at the longer follow-up period.

baseline. While the reasons underlying this variability remain
unclear, further studies are warranted to fully elucidate this issue.
However, we observe that the baseline severity of cellulite and skin
laxity affects the degree of improvement. When there is less irreg-
ular skin surface and/or skin laxity, there will be better response
to the treatment.

Ultrasound measurements of the distance between the
epidermis and the superficial fascia revealed a distance reduction
of 0.61 = 2.1 mm, representing an average reduction of 10.5%
in the thickness of superficial adipose tissue with a maximum
reduction of 39% at the thigh region (Fig. 22.14), and a distance
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(a)

(b)

Figure 22.11 Regen™ system having a maximum power of 30 W (a) and two sizes of applicators for the treatment of different anatomical sites including a small applicator
for treatment of the face and neck (b), and a larger applicator for the treatment of the arms, abdomen, buttocks and thighs (c). (Courtesy Pollogen Ltd., Tel Aviv, Israel).

reduction at the abdomen region of 0.34 * 2.2 mm, representing
an average reduction of 4% in the thickness of adipose tissue,
with a maximum reduction of 31%. However, this reduction
of superficial subcutaneous thickness was found to be statisti-
cally significant only at the thigh region when compared to the
baseline.

Given the proven efficacy in induction of collagen remodeling
[15,20,21], TriPollar™ RF has recently been used to successfully
improve stretch marks’ appearance [17]. Seventeen females with
striae distensae were enrolled for six weekly treatment sessions
of 40-45 minutes each. Treatment evaluations, including stan-
dardized photographs and a UVA-light video camera were made
at baseline, and at one and six weeks after the final treatment. In
addition, the subjects were asked to rate their overall satisfaction
at the last follow-up visit.

The result of the study indicated that TriPollar™ RF offered a
beneficial effect on improvement of striate appearance. Evalua-
tion performed at one week after a series of six weekly treatments
noted 41.2% and 11.8% of the subjects having 25%-50% and
51%-75% improvement of their striae, respectively. Compared to
the one-week follow-up visit, at six weeks after the last treatment,
a higher percentage of the subjects were rated to have improve-
ment of their striae including 26.5% showing 51%-75% improve-
ment and 5.9% showing >75% improvement. None of the subjects
was rated as having no improvement. According to the satisfac-
tion survey, 12% (2/17), 23% (4/17), and 65% (11/17) of the study
subjects reported their satisfaction with the overall improvement
as slightly satisfied, satisfied, and very satisfied, respectively. In
terms of treatment complications, there were no adverse effects,
such as postoperative purpura, bullae, crusts, ulcerations, or
dyschromia observed.
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Figure 22.12 Apollo™ system with a maximum power of 50 W and available with
three sizes of applicators, including large, medium and small applicators for the
body, arms and neck, and face, respectively (Courtesy Pollogen Ltd., Tel Aviv,
Israel).
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(a)

05072006

(b)

Figure 22.13 Endpoint of treatment is erythema and the skin is warm to the touch. (a) Erythema in a skin phototype V patient at a skin surface temperature of 40°C;
(b) erythema in skin phototype II patient at the same surface temperature. Note the difference in the degree of redness. (Courtesy Alex Levenberg, M.D.)

Scanned images from a UVA camera did not reveal significant
differences in the striae surface smoothness at one- and six-week
follow-ups, compared with that of baseline. However, the sample
size of this study may be too small to detect an objective improve-
ment of skin surface smoothness, compared with that of baseline
(Fig. 22.15). Moreover, at the six-week follow-up visit, there was an
increase in the number of patients showing higher improvement
scores as compared to that of the one-week follow-up visit. This
suggests that the improvement is a long-term process and there
may be advantages if the clinical follow-up can extend beyond six
weeks, as more favorable changes may be noted with a prolonged
follow-up period (Fig. 22.10).

Treatment Tolerability

Our early study [18] evaluating the use of the TriPollar™ RF device
in 39 females who underwent 656 treatment sessions, has noted

Dist

1.17 cm
Digf 0.890 cm

(a)

that the treated skin became warm to the touch and erythema,
immediately after the treatment. The erythema was reported to
disappear within 2-3 hours after completion of the treatment ses-
sion by all subjects. Treatment was well tolerated with minimal
to no discomfort. The sensation most often described was a mild
heating with occasional pinching. Another study using such a
device to treat 17 patients for a total of 102 treatment sessions found
that the procedure was well tolerated in all study subjects [17]. The
subject’s reported feeling during the treatment was described as
comfortable in 29.4% (5/17) of the subjects, very comfortable in
64.7% (11/17), and extremely comfortable in 5.9% (1/17).

Side Effects
Experience in our recent study using the Regen™ system for
circumference reduction and cellulite treatment noted that the

Dist 0.677 cm

Dist
(b)

2.15cm

Figure 22.14 Ultrasound measurement of a thigh region. (a) Before treatment, the thickness of the superficial fat layer is 1.17 cm; (b) after eight TriPollar™ treatments,
the thickness is 0.68 cm; SE, superficial fat layer; DE, deep fat layer; M, muscle; |, superficial fascia; 0 deep fascia.
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(b)

Figure 22.15 Images from a UVA-light video camera (Visioscan® VC 98, Courage-Khazaka, K6ln, Germany) showing striae surface smoothness before treatment (a);
(b) six weeks after six TriPollar™ treatments. Note the improvement of surface irregularity.

(@)

adverse effects in a series of 656 treatment sessions included ery-
thematous papules, papular urticaria, primary degree burn, blister
and bruising, observed in 0.3% (2/656), 0.15% (1/656), 0.15%
(1.656), 0.15% (1/656), and 0.15% (1/656) of 656 treatment ses-
sions, respectively (Figs. 22.16) [18]. We suspect that the reason
for these adverse effects may be a result of individual reactions
to RF heating and/or improper treatment skill of the treatment
provider, including a too-slow movement of the electrode and
an inadequate amount of glycerin oil used. All of the side effects
were mild, asymptomatic and self-limited within one week except
the primary degree burns and blisters, which cleared after a week
course of topical corticosteroids.

Conclusions

The TriPollar™ RF device is a multi-polar RF system which can
safely and effectively be used for skin tightening and circumfer-
ence reduction, particularly on the body and facial areas, as well
as for the treatment of cellulite, reduction of localized fat and
improvement of striae appearance. Application of this treatment
modality is simple, non-invasive and safe on all skin types. Quali-
tative as well as quantitative assessments have been documented
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(b)

Figure 22.16 Side effects of TriPollar™ RF treatment. (a) bruise; (b) primary degree burn.

and the outcome from previous research studies has shown that
the improvements are maintained as a long-term effect.
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23 Cryolipolysis™ for Subcutaneous Fat Layer Reduction

Mathew Avram

Introduction

A recent development in aesthetic procedures has been the intro-
duction of a unique, non-invasive method of fat layer reduction,
termed “cryolipolysis”. This novel non-invasive technology uses
controlled cooling exposure to produce a gradual reduction of the
subcutaneous fat layer using natural thermal diffusion without
damage to other tissues. This visible fat layer reduction occurs over
a period of months with the removal of fat (adipocytes) through
the body’s natural inflammatory clearing process.

Background

The clinical entity of cold panniculitis, also known as “popsicle
panniculitis’, serves as the basis for the concept of cryolipolysis.
Numerous studies have documented that localized inflamma-
tion and subsequent clearance of subcutaneous fat can occur
under certain conditions when exposed to cold. Such inflamma-
tion has been described most frequently in infants and toddlers
[1,2], but has also been seen in adult females who participate in
equestrian activities [3]. Case reports have described a clinically
evident inflammation in infants [1,2] as confirmed histologically
after apparently minor cold exposure, i.e., ice cube application for
few minutes. Histological assessment of the exposed areas have
demonstrated that perivascular infiltration of histiocytes with a
few lymphocytes, most intense at the dermal-subdermal junction
with extensions into the adjacent dermis and subcutaneous fat,
begins about 24 hours after cold exposure. The changes become
more obvious over the course of 72 hours with the appearance
of additional inflammatory cells in the subcutaneous fat, rupture
of some of the adipose tissue cells, and aggregation of the lipids.
There is progression of the inflammatory response for three more
days with histiocytes, neutrophils, lymphocytes and other mono-
nuclear cells surrounding the adipocytes [1]. Within a few weeks,
panniculitis resolves spontaneously without any persistent tissue
damage or scarring, and without evidence of cryoglobulins for
any of the infants evaluated.

Case reports also have been documented of panniculitis in
women who have been horseback riding in cold and damp con-
ditions [3]. In these cases, the inflammatory reaction in the adi-
pose tissue occurred at the dermal-subcutaneous junction with an
infiltrate of lymphocytes and neutrophils, as well as a scattering
of mast cells and foamy histiocytes. The infiltrate extends from a
perivascular location into adjacent adipose tissue where adipocyte
cells are ruptured and small cystic spaces form.

Preclinical Studies

Manstein et al. [4] performed pig studies to investigate the
potential for selective damage to subcutaneous fat with controlled
application of cooling to the skin surface. Three complementary
pig studies have been reported: an initial exploratory study, a
dosimetry study, and a safety study to assess the potential impact of
such selective damage to subcutaneous fat on serum lipid levels.

The “exploratory” study was designed to determine the
feasibility of using cold exposure to the skin to remove subcu-
taneous fat. A slightly convex, circular copper plate was pressed
firmly against the pig’s skin surface and chilled by circulating cold
antifreeze solution at —7°C through a heat exchanger chamber
attached to the copper plate. The cold exposure was repeated at
multiple sites on the pig, with exposure time varying from 5 to
21 minutes. The pig was observed for three point five months
for evidence of local fat loss. The amount of fat loss at each test
site was estimated relative to neighboring unexposed fat at the
margins of the test site.

No apparent skin injury or scar was documented in any of the
test areas. There was a slight increase in pigmentation at the one
week follow-up for some of the test sites but there was no hypo-
pigmentation or textural changes. Selective fat loss was evident on
gross specimens by a smooth indentation along the surface of the
animal of a size and shape similar to that of the cooling device.
A reduction of fat in the superficial fat layer was documented at
3.5 months with 80% of the superficial fat layer removed for
a total fat loss of 40% from the procedure. Histology demon-
strated a marked reduction of fat with a reduced distance between
fat septae.

The dosimetry study was performed on four pigs with a proto-
type device (Zeltiq™ Aesthetics, Pleasanton, CA) that contained
a thermoelectric cooling (TEC) element. A variable, preset plate
temperature was maintained constant during each cold expo-
sure by electronic regulation according to temperature sen-
sors embedded within the cooling plate. Test sites were exposed
to either a flat configuration with the device applicator pressed
firmly against the skin surface or a folded configuration with
the skin fold captured between two cooling plates. The cooling
temperature ranged from -1°C to —7°C for 10 minutes. The
pigs were sacrificed at selected time points from immediately to
28 days after cold exposure. Test sites and surrounding areas were
photographed and examined clinically. Histological analyses
of the test sites were also completed using deep tissue vertical
sections (skin, fat, underlying muscle) stained with hematoxylin
and eosin to assess the level of fat damage and to assess for any
damage to surrounding tissue and /or structures.

There was no injury to the epidermis or dermis at any of the
test sites during the dosimetry study. At day after exposure, adi-
pocytes appeared normal initially, but inflammation of the sub-
cutaneous fat was noted as localized clusters of mixed neutrophil
and mononuclear cell inflammatory infiltrate in a predominately
lobular pattern presented. The inflammation increased for a period
of 30 days following exposure with evidence of phagocytosis.
Lipid-laden mononuclear inflammatory cells became more
numerous.

Concomitantly, the average size of the adipocytes appeared
reduced, with a wider range of adipocyte sizes noted. The degree
of the inflammatory response was dependent on the temperature
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used. Fat damage was significantly greater at lower temperatures
and increased significantly over time when compared to an unex-
posed control.

The lipid level study included six pigs for which a 15% area of
the skin surface was exposed to cooling with a prototype cooling
device that included a flat copper plate cooled by a thermoelectric
cooling (TEC) element. Test sites were exposed to temperatures
that ranged between —5°C and —-8°C for 10 minutes. Blood sam-
ples were obtained after a 12-hour fast prior to treatment, within
one hour and one day, one week, and one, two, and three months
post-treatment. The lipid levels over time following cold expo-
sure demonstrated no significant change other than a temporary
decrease in serum triglycerides immediately following the cold
exposure, which can likely be attributed to fasting prior to and
during general anesthesia.

These preclinical studies demonstrated that non-invasive,
selective, localized damage to subcutaneous fat without epidermal
or dermal injury can be achieved. Selective effects on the subcu-
taneous fat were evident after exposure to cooling on the skin
surface with a range of temperatures and exposure times with
both histological assessment and gross observation. Further, there
was no increase in lipid levels.

The findings from these studies were further supported by
additional animal studies that demonstrated no significant
change in lipid levels or liver function after cryolipolysis [5]. Four
pigs were treated and survived for 90 days. Three pigs received
a single treatment; one pig received multiple treatments staged
at 90, 60, 30, 14, seven, and three days and immediately prior to
sacrifice. Approximately 25-30% of the total body surface area
was treated in each animal. Fat layer reduction was evident by
ultrasound measurements (Fig. 23.1) and gross pathology
(Fig. 23.2). Lipid levels were completed (on the single treatment
animals) at baseline prior to treatment and at one day, one week,
and one, two, and three months after treatment. Serum lipids
levels remained within normal variation throughout the 90-day
evaluation period.

Erythema was observed immediately post-treatment in the
pigs’ skin and resolved within 30 minutes. The skin was cold to
the touch, firm though not hard, following treatment. There was
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no evidence of swelling, purpura, or scar at any follow-up visit or
on the day of necropsy. Histologic analysis correlated to clinical
observation, showing no damage to the dermis or epidermis in any
of the areas treated. In addition, there was no damage observed in
neighboring appendageal structures, such as hair follicles or sweat
glands. See Fig. 23.3.

These pig studies showed that the inflammatory response
observed with controlled, selective cooling was consistent with
the clinical and histologic findings seen with cold panniculitis in
infants and female horseback riders. These animal studies also
establish the selective, localized effects of cryolipolysis to signif-
icantly reduce subcutaneous fat without causing damage to the
overlying skin and the lack of effect on serum lipid levels in the
animal model.

Mechanisms of Action of Cryolipolysis

Histologic analysis at various time periods after cold exposure
demonstrates that cryolipolysis results in the death of adipocytes
that are subsequently removed by phagocytosis [4,5]. Immedi-
ately post-treatment, there are no changes in the subcutaneous
fat; no inflammatory cells are present and the cell membranes of
the adipocytes are intact. Within three days of treatment, how-
ever, an inflammatory process stimulated by adipocyte apoptosis
is noted, as reflected by an influx of inflammatory cells. The
inflammation appears to peak at approximately 14 days following
treatment when the adipocytes are surrounded by histiocytes,
neutrophils, lymphocytes, and other mononuclear cells. Between
14 and 30 days after treatment, macrophages and other phago-
cytes surround, envelope and digest the contents of dead cells
as part of the body’s normal injury recovery response to remove
the unwanted material from the body. The adipocytes become
smaller and irregularly shaped as they are slowly digested by
the macrophages surrounding them. Subsequently, the inflam-
matory response subsides and the adipocyte volume decreases
with a thickening of the interlobular septae occurring by 60
days. The inflammatory process declines further by 90 days. The
lobules previously containing fat cells are decreased in size with
the septae eventually constituting a majority of the tissue volume.
See Fig. 23.4.
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Figure 23.1 Reduction of fat layer as documented with ultrasound measurements in an animal model. The image on the left was obtained prior to treatment; the image

on the right was obtained three months after treatment [5].
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Figure 23.2 Fat layer reduction as seen with gross pathology in an animal model
three months after treatment [5].

The extravasated lipids remain trapped within the subcutaneous
tissue until digestion and clearance by an inflammatory process.
This resorption takes place over a period of more than 90 days,
resulting in a gradual displacement of the lipids. Histology shows
a clear reduction in fat layer thickness results. The results are also
easily visible on gross pathology sections at 90 days.

The mechanisms governing the apoptosis and subsequent elim-
ination of adipocytes are not fully understood. Initial studies have
been performed in an attempt to identify a possible pathway. [6].
Pig adipocytes were isolated, cultured and exposed to tempera-
tures ranging from —2°C to 28°C and 5% CO, for one hour. Fol-
lowing exposure, the cells were returned to normal culture condi-
tions (5% CO, and 37°C) for a recovery period of either 2 or 24
hours. Assays were performed to identify the extent of necrotic cell
death and apoptotic cell death indicated that adipocytes cooled to
-2, 0and 2°C were all necrotically damaged regardless of recovery

Figure 23.3 Tissue section showing dermis or epidermis in an animal model three
months after treatment. Tissue is intact; there is no evidence of damage following
treatment [5].
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time, as were most of the adipocytes cooled to 7°C. Adipocytes
cooled to temperatures between 14°C and 28°C displayed no
necrotic injury. In fact, all fat cells showed approximately the same
extent of apoptotic injury after 48 hours of recovery. The results
at higher temperatures suggest that the mechanism of action
responsible for adipocyte death is based on an event that triggers
apoptosis, although further studies are needed to determine the
exact cause of the apoptotic injury.

Thus, preclinical studies have confirmed that the phenomenon
of cold-induced panniculitis can be replicated in experimental
porcine models. The mechanism for this process, however, is not
completely understood.

Clinical Studies

Cryolipolysis is performed as an outpatient procedure with the
Zeltiq System (Zeltiq Aesthetics, Pleasanton, CA). The device
consists of a control unit with a cooling applicator that is applied to
the area of treatment. Tissue is drawn into a cup-shaped applicator
with a moderate vacuum to optimally position the tissue between
two cooling panels. The selected heat extraction rate (i.e., cooling)
is modulated by thermoelectric cooling elements and controlled
by thermistors that monitor the heat flux out of the tissue.

A coupling gel is applied to the skin surface before placement of
the applicator on the treatment area to ensure consistent thermal
contact. The applicator is positioned on the skin with the use of
a moderate vacuum. Treatment with the cold exposure, which
includes a predetermined energy extraction rate expressed as a
cooling intensity factor (CIF) and duration of up to 60 minutes,
is initiated. At the conclusion of the treatment time, the system
automatically discontinues the cold exposure and the applicator
is removed by release of the vacuum. Additional application sites
may be treated to ensure that the entire area of desired reduction
is appropriately exposed to cooling.

Clinical evaluation of cryolipolysis has shown that selective
removal of fat is achieved in humans as well. A multi-center,
prospective, non-randomized clinical study performed by Dover
et al. [7] evaluated the use of cryolipolysis for fat layer reduction
of the flanks (i.e., love handles) and back (i.e., back fat pads).
Preprogrammed treatment protocols were utilized to control the
rate of heat extraction and duration of treatment for 32 patients.
A contralateral, untreated area was maintained as a control to
confirm actual efficacy. Efficacy was assessed by three assess-
ment techniques: ultrasound measurement of fat layer reduction,
comparison of pre- and post-treatment photographs, and physi-
cian assessment. These assessments confirmed that cryolipolysis
results in a visible contour change in a majority of subjects, with
the best cosmetic results noted in those patients presenting with
modest discrete fat bulges. See Figs 23.5 and 23.6. Ultrasound
measurements taken on a subset of 10 subjects demonstrated
a fat layer reduction in 100% of these subjects with an average
reduction of 22.4% at four months post-treatment. There were
no device-related adverse events reported, confirming the safety
of this treatment.

Further safety studies have also been performed to assess
whether cryolipolysis is associated with an alteration in local
sensory function or nerve fibers, or an elevation in lipid levels or
liver function values as a result of cold exposure. Coleman et al. [8]
documented the results of neural assessments and Riopelle
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Figure 23.4 Histological sequence of inflammatory response following treatment at three days (a), seven days (b), 14 days (c), 30 days (d), 60 days (e), and 90 days (f)

after treatment [5].

et al. [9] assessed lipid levels and liver function tests for 90 days
post-treatment.

Ten subjects were treated with a prototype cooling device
(Zeltiq Aesthetics, Pleasanton, CA) during the Coleman study to
determine if fat reduction in humans caused by cold exposure is
associated with local sensory function or nerve fiber changes. Fat
reduction was assessed in nine of 10 subjects via ultrasound prior
to treatment and at follow-up. Sensory function was assessed

by neurologist evaluation (n=9) and nerve staining was com-
pleted on tissue obtained with a biopsy from one subject. Treat-
ment resulted in a normalized fat layer reduction of 25.5% at six
months post-treatment. Transient reduction in sensation occurred
in six of the nine subjects assessed by neurologic evaluation.
Sensation returned within seven weeks post-treatment (with a
mean of 3.6 weeks). Biopsies also showed no long-term change in
nerve fiber structure.

171



CELLULITE: PATHOPHYSIOLOGY AND TREATMENT, SECOND EDITION

Figure 23.5 Reduction of love handle. Image on left was taken prior to procedure; image on right was taken four months following the procedure [7].

Ten subjects with discrete fat bulges (“love handles”) were
treated with the Zeltiq prototype cooling device during the
Riopelle study to determine if a cosmetically significant fat layer
reduction was associated with a meaningful change in lipid pro-
file and liver function tests. High frequency ultrasound imaging
was used to objectively measure fat layer reduction and photo-
graphs were taken pre-treatment and at follow-up visits. Lipid
profiles and liver function tests were obtained on all subjects prior
to treatment and at baseline, one, four, eight and 12 weeks post-
treatment, which ensured that they were assessed through the
90 days after treatment normally associated with peak lipid resorp-
tion. Pre-treatment and six-month post-treatment ultrasound
images provided objective evidence of fat layer reduction in eight
out of ten subjects. No clinically significant changes or abnormal

values were identified for either lipid levels or liver function tests
over the 90-day follow-up period.

These clinical studies demonstrate that selective cryolipolysis
results in reductions in subcutaneous fat without damage to
the surrounding tissues. Ultrasound images and photographic
reviews demonstrate fat layer reduction, with the greatest
cosmetic improvement observed in subjects with modest fat
bulges. Analysis of lipid levels, neurological response, and the
lack of device-related adverse events demonstrate the safety
of cryolipolysis. Further clinical evaluation is required, how-
ever, to more fully understand the potential application to
other parts of the body and the optimal treatment parameters
for each. Additional studies would also be beneficial to assess
whether cryolipolysis poses a unique risk to patients with rare

Figure 23.6 Reduction of back fat. Image on left was taken prior to procedure; image on right was taken four months following the procedure.
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conditions such as cryoglobulinemia, paryoxysmal cold hemo-
globinuria, or cold urticaria.

Discussion

Cryolipolysis is a unique technology that has produced effec-
tive non-invasive, selective fat removal. Both human and animal
studies confirm the clinical findings of cold-induced panniculitis
and subsequent fat layer reduction. Histology findings confirm
the selective removal of fat tissue in both humans and animals.
This reduction is not immediate, but rather gradually occurs over
a period of months. Notably the mechanism of action for cryoli-
polysis is not yet completely understood. Importantly, it has not
produced any significant adverse side effects in studies to date,
no laboratory abnormalities have been noted with lipid levels or
liver function tests, and any observed effects have been minor and
temporary.

At this time, it is unknown whether cryolipolysis is signifi-
cantly effective for improvement of the appearance of cellulite.
Although effective for fat removal, it is not yet known whether
cold application to the skin would have an impact on the archi-
tectural features of the subcutaneous fat and dermis that produce
cellulite. Studies are awaited.

Given the clinical efficacy of this device, it will be most effective
for fat layer reduction in confined anatomical areas. At this point,
there is no evidence to suggest it can remove fat from large areas
on a scale seen with liposuction procedures. Further studies will
more fully characterize the clinical potential of this technology.

Importantly, however, cryolipolysis is a relatively rapid, non-
invasive means of removing fat in a safe manner. It requires no
pain management, no tumescent or other anesthesia. Moreover,
there is no “downtime” associated with this procedure from work
or social activities. It has the potential to provide safe, effective
treatments of localized fat accumulation in a safe and gradual
manner.

Conlusion
Cryolipolysis is a unique technique that has demonstrated efficacy
for non-invasive, selective fat removal.
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24 Subcision®

Doris Hexsel, Rosemarie Mazzuco, and Mariana Soirefmann

Introduction

Subcision® is a simple surgical technique, originally described
by Orentreich and Orentreich [1], in which subcutaneous (SQ)
fibrous septa are cut; this both diminishes the traction exerted
on the skin and creates hematomas which in turn promotes
the formation of new connective tissue. Therefore, it acts as an
autologous and physiologic filler [2]. In 1997, the present authors
described the effectiveness of Subcision® for the treatment of high
degree cellulite (Figs. 24.1 and 24.2) and in 2000, the same authors
presented a detailed step-by-step guide to the procedure, based on
the use of Subcision®in 232 female patients [3].

Indications and Action Mechanisms

Subcision® can be used in the treatment of all conditions
where there are SQ septa pulling the skin surface. These include
wrinkles and folds, depressed scars [4] and lesions [5], as well as
cellulite [2]. Subcision® can also be used to correct other skin relief
alterations, such those that appear after liposuction (Figs. 24.3
and 24.4), trauma, or inflammatory diseases, and those appearing
in the donor areas of the fat grafts [1,3] on the face [5] and also on
the body [5]. Subcision® has also been reported for the treatment
of acne scars [6], stretch marks [7] and auricular deformities in
rabbits [8].

In case of cellulite, Subcision® is useful for the treatment of
high degree cellulite, such as grade two and three, in which the
depressed lesions are visible when the patient is in the standing
position and with relaxed gluteus muscles (see Fig. 24.11) [3].

Two action mechanisms were initially described by Oren-
treich and Orentreich: the cutting of subcutaneous fibrous
septa which releases the tension exerted on the skin; and
the formation of new connective tissue which results from the
creation of hematomas [1]. The surgical movements cut the
septa and nearby vessels, giving rise to hematomas, the size
of which depends on the size of the cut vessels, the extension
of the treated lesion, the post-operative care, and the integrity of
the blood coagulation mechanisms. These aspects directly
determine the proportion of the filling effect in the treated area
[3]. In the treatment of cellulite, a third action mechanism is
involved: the redistribution of the traction and tension forces
between fat lobes, which contributes to the improvement of the
relief of the treated areas [3].

The number of the Subcisions® necessary to correct a defect
depends on the size, depth and location of the defect, as well as
on the degree (or quantity) of new collagen formation. Most cases
can be treated by one or two procedures, with a minimum interval
of two months between them.

Contraindications for Subcision®
Orentreich and Orentreich described the following contra-
indications for Subcision®, divided into two categories:

1. Absolute: Active infection in or immediately adjacent to the
area to be treated as well as in the case of scars like “ice pick”
acne scars.

2. Relative: coagulation disorders, atrophic scars, history of
hypertrophic scars or keloids.

Hexsel and Mazzuco, described other contraindications
when using this technique to treat large areas, such as the
use of medicines or the existence of diseases which may
interfere with blood coagulation or with anesthetics and
medicines which can alter the expected or desired post-
operative evolution [3].

Other contraindications were published, including pregnancy,
first degree of cellulite, cottage cheese or orange peel lesions, severe
illnesses, and patients who will be unable to follow post-operatory
recommendations or with unrealistic expectations [9].

Pre-Operative Consultation

For Subcision®, previous medical evaluation is important, not
only for adequate patient selection but also to prepare the patients
for the procedure.

The pre-operative care is, basically, the same as any other out-
patient surgical procedure. Some items should be checked, such
as the tendency to develop keloids or allergic reactions and the
medicines that patients are taking.

Some medicines should be avoided in the pre-op period: anti-
coagulant agents, drugs which interfere with platelet aggregation,
beta-blockers,immunosuppressant agents, neuroleptic agents, oral
isotretinoin and iron. These, as well as the smoking habit, are
relative contraindications to the procedure.

Contraindications for this procedure include local infections
and diseases, as well as presence of risk factors for trombophilia.

Laboratory exams should be requested at this time. They should
include a coagulogram and any other exam required according to
the patient’s needs [2,3].

Prophylactic antibiotic therapy with Ciprofloxacin 500 mg is
recommended twice a day.

Surgical Technique
The surgical procedure includes the follow steps:

1. Skin Marking: The skin relief depressions should be
marked prior to the procedure. This should be done
while observing the patient standing in an upright posi-
tion, with relaxed muscles [3] (Fig. 24.5). The light source
should be perpendicular to the skin surface, in order to
better observe the skin relief alterations [5]. Slight lesions,
such as those evident only when the muscles are con-
tracted, should not be treated due to the risk of becoming
raised [2,3]. It is recommended to choose lesions up to
30 millimeters (mm) in diameter or only part of larger
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Figure 24.1 Sixty-two year old female presenting cellulite on the buttocks.

lesions not exceeding this measurement [3], to avoid the
creation of large hematomas and the formation of extensive
dissection planes, increasing the risk of complications that
may arise as a result of these situations [10].

2. Antisepsis: Antisepsis should be rigorous and widespread,

in all the large surgical areas [2]. The most frequently used
antiseptic is iodized alcohol, and in patients that are allergic to
iodine, chlorexidine or the antiseptic adopted by each estab-
lishment. It is reccommended that the procedure be carried out
in a surgical room and that sterile clothes and fields are used.

3. Anesthesia: Infiltrated local anesthesia is given with the patient

lying down (Fig. 24.6). The needle should be inserted 1
to 2 cm beneath the marked skin and the anesthetic injected
while withdrawing the needle, into the subcutaneous level.
Upon completing the injection, an anesthetic button is left at
the site where the Subcision® needle will be placed. General
anesthesia and blocks (rachidian and epidural) are not rec-
ommended, as they increase the surgical burden and because
of the necessity of using a vasodilator at the site. The latter
offers several advantages, it permits the identification of the

Figure 24.3 Liposuction sequela on the upper part of the thighs.

extension of the anesthetized area, can indicate the presence of
large vessels in the area and limits the size of the hematomas,
reducing bleeding, as well as increasing the safe dose and
duration of the anesthetic [2]. Two percent (2%) lidocaine
with epinephrine or norepinephrine 1:200.000 is preferred [2].
Tumescent anesthesia is also an option, when there are many
depressions [11], although as this infiltrates the fat, it may
reduce bleeding and consequent hematoma formation, which
is wanted in this procedure, and prevent the bed for the hema-
toma. The recommended dose of 2% lidocaine with vasocon-
strictor is from 7.0 mg/kg [12] and the dose of lidocaine per
session should not exceed 500 mg [12]. The number of lesions
treatable in a single session depends on the dose of anesthetic
that can be used for each patient, which is calculated according
to the patient’s body weight [13,14]. The total anesthetic dose
described as safe for lidocaine with vasoconstrictor should not
exceed 500 mg [12,15] or 7.0 mg/kg [10].

. Cutting the subcutaneous septa: Following maximum vaso-

constriction, apparent due to paleness and piloerection, the
procedure can begin. A BD Nokor® calibre 18G needle [3] is
preferred, as it has a cutting blade at the point. Other alter-
natives are a special scalpel, with the same cutting blade at

Figure 24.2 Same patient as Fig. 24.1, one month after Subcision®.

Figure 24.4 Same patient as Fig. 24.3, after Subcision®.

175



CELLULITE: PATHOPHYSIOLOGY AND TREATMENT, SECOND EDITION

Figure 24.5 Lesions’ borders are marked before the procedure. In this case, the raised
areas, well indicated for liposuction, are also marked with lines inside the borders.

the point, or a normal or three-beveled needle, as described
by Orentreich and Orentreich [1]. The needle should be
inserted about 1.5 cm beneath the lesion at the point where
the anesthetic button was previously placed (Fig. 24.7).
The insertion should be made at an angle of 45° to 90°
to the skin surface and then, at a depth of 1.5 to 2 cm
below the skin surface the needle should be positioned par-
allel to the epidermis, with the cutting edge to the left against
the septum. The septa are cut on the back stroke of the needle,
while maintaining the blade traction against the septa, thus
releasing the tension that they exert on the skin. This cutting

technique allows a precise cut of the specific septa pulling
the skin down, with a minimum of tissue damage, which
assures better post-operative results. A slight pinch test on
the treated lesion is useful because it reveals any areas that
remain retracted by septa [3,16]. Recently, Al-Khenaizan [4]
suggested a simple method to ensure continuous orienta-
tion of the Nokor® needle during Subcision®: the hub of the
needle is marked with two short straight lines perpendicular
to the triangular cutting surface, at the 12 and six oclock
position of the hub. This ensures that the cutting triangular
surface is always in the horizontal position, parallel to the
skin surface with the cutting edge to the left or the right.

5. Compression: Following the cutting of the septa, vigorous
compression is required in the treated area for 5 to 10 min-
utes, sufficient time for the coagulation process, permitting
hemostasis and control of the size of the hematomas. The use
of sandbags made from washable material is recommended,
weighing approximately 5 kg or 10 pounds, wrapped in
sterile fabric [3]. Such bags produce a more uniform and
efficacious compression than that achieved manually.

6. Dressings: The treated areas are covered with sterile adhe-
sive bandages. Additional compression with dressings and
compressive clothing (elastic pants or shorts) are also rec-
ommended, that should be worn for 30 days.

The following post-operative instructions are given to the patients:

e Use analgesics for the first 48 hours; this period can
be extended if pain persists; acetaminophen at a dose of
750 mg every 6 hours is recommended;

o Continue use of the antibiotic until the third day;

Figure 24.6 After antisepsis of the surgical area, local anesthesia is performed in the surgical room. Sterile sheets are used to protect the surgical area.
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Figure 24.7 A gentle pinch test is performed in order to find residual septa pulling
the skin surface.

o Physical exercise only after the third week;
e Use compressive clothing for 30 days.

The Post-Operative Period

The first post-operative evaluation should be made after 72 hours,
when the dressings are removed and the antibiotic suspended [3].
Hematomas and hemosiderosis are expected in all the patients
in this period. The hematomas should follow a normal evolu-
tion of spontaneous reabsorption over a period varying from 10
to 30 days. Hemosiderosis may persist for several months and is
directly proportional to the quantity of iron present in the red
blood cells.

Complications
According to Orentreich and Orentreich [1], the complications
listed below may arise. They are rare and easily dealt.

hematomas and ecchymosis (Fig. 24.8);

erythema, edema and local discomfort;

infection;

alterations to the consistency of the skin and SQ in the treated
areas;

LN

Figure 24.9 Hemosiderosis one month after Subcision®.

5. alterations to the color of the skin in the treated area;

6. sub-optimal response;

7. excessive response;

8. keloid scars.

In fact, complications arising from Subcision® [16] for the
treatment of cellulite are rare. This is due to the safety of the
method and the local anatomy, as usually the areas commonly
treated are free of vital structures and large blood vessels.

Other complications include:

9. Hemosiderosis occurs due to the extravasation of the red
blood cells and the deposit of hemosiderin, a pigment that
contains iron, decorrent by the degradation of the hemo-
globin [17], giving the skin a chestnut pigmentation. It occurs
in all treated patients to varying degrees, and its resolution
occurs spontaneously within two to 12 months (Fig. 24.9).

10. Organized hematomas or seromas may occur in some
treated areas, but usually clear up spontaneously in a period
from one to three months. They are usually painful and hard
to the touch.

11. False excess response is characterized by a raised area of
skin at the treated area, appearing as a herniation of the

Figure 24.8 Hematomas in the 3rd PO day, in well compressed areas.

Figure 24.10 False excess response after Subcision®.
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Figure 24.11 Cellulite on the buttocks before treatment.

skin and SQ fat (Fig. 24.10). This does not respond well to
corticoid injections and may be due to bad technique
(complete Subcision®in extensive areas or excessively super-
ficial) or a lack of post-operative care, such as the non-use
of compressive clothing for 30 days following the procedure.
Favorable results can be obtained with the use of liposuc-
tion with micro-canulas in the affected area. It is important
to keep in mind that some septa are not exerting exces-
sive skin retraction. Therefore, they should remain
intact [9].

Associated Procedures

Recently, Sasaki published a study comparing Subcision® alone
versus Subcision® associated with fillers and other adjacent
surgical procedures. The author concluded that the use of
Subcision® alone for resistant wrinkles, folds, or scars can result
in a satisfactory outcome with minimal complications. Moreover,
results may be further optimized with the immediate addition
of fillers into the released tract. An adjacent aesthetic surgical
procedure may provide additional benefit, but not as much as
observed with the usage of fillers. The study did not include cellulite
patients [18].

Balighi et al. published a clinical trial regarding the use of
Subcision® in acne scars with and without subdermal implant.
The authors concluded that Subcision® seems to be a safe method
to correct the rolling acne scars with long-term improvement. The
subdermal implant led to no significant superior results [19].

/

Figure 24.12 Same patient as Fig. 24.11, after two Subcisions®.
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Conclusions

Subcision® is a simple, effective (Figs. 24.11 and 24.12) and low
cost surgical method for the treatment of advanced cellulite and
some other skin conditions.

It is a precise surgical procedure for the treatment of
severe cellulite, in which the septa that retain the skin are cut,
resulting in redistribution of the traction and tension forces
among the fat lobules, giving an immediate improvement to the
skin relief.

Complications are rare and easily treated. The production of
new connective tissue from the hematomas occurs in two to five
weeks and normally persists for a considerable time in the correc-
tion of the treated defect. The results are technique dependent and
are usually long-lasting [3].
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25 Surgical Treatment: Liposuction, Liposculpture, and Lipoplasty

Gustavo Leibaschoff

e Liposuction is the name of the technique whereby fat is
carried out through suction equipment (syringe or suction
pump) without any idea about the harmonics of the body.

e Liposculptureisa technique for fat tissue extirpation through
blunt 2-4 mm cannulae. Suction may be carried out with 20
or 60 cc syringes or suction pump (1 atm) with a tridimen-
sional idea for recovery of the convexity and concavities of
the shape of the body.

e We personally believe that the term “lipoplasty” is all-
inclusive, and that the term “lipoplasty” involves all surgical,
medical or rehabilitation therapeutic practices. It is sheer
nonsense to assume that after-surgery procedures results
are guaranteed. It is precisely the lack of comprehensive
treatment that caused dissatisfaction in most patients who
submitted to liposuction some years before.

e Liposculpture is a modeling of the contours, a real artistic
job of architecture bound to restore the juvenile and
harmonic forms of the face or body by working with the
hypodermic fatty tissues.

Historical background

In 1921, the French surgeon Dujarrier tried to remove adipose
tissue from the internal area of a dancer’s knee by means of
an obstetric curet. The limb was later amputated because
of the ensuing infection [1]. In 1964, the German surgeon
Schrudder tried to repeat the same operation using a different
technique [2]. Thus, lipoexeresis was born, though physicians
were unwilling to accept it because it frequently resulted in
lymphorrhea and cutaneous unevenness. Some years later, in
1974, the Italian surgeon Arpad Fisher and his son Giorgio
developed in Rome a new technique, called liposculpture, that
included the use of blunt cannulae and a liposuction device [3].
In 1978, Drs. Meyer and Kesserling reported a liposuction tech-
nique that used a sharp cannula connected to a 0.5 atmosphere
suction device.

But it was only in 1977 when the French surgeon Illouz [21,22]
first submitted to an international cosmetic surgery conference a
new technique of his own based on a cannula similar to Fisher’s
[23,24]. Tunnels were excavated at different adipose tissue levels
after injecting a hypotonic solution [4]. However, it was the French
physician Fournier who first coined the term “lipoplasty” for his
“dry” fat suction technique (meaning that no previous hypotonic
infiltration was applied) that enabled contour remodeling [5].

Since 1980, “liposculpture” and “lipoplasty” have become
widespread around the world. Research papers were submitted
to major cosmetic and plastic surgery journals and scientific
conferences [6].

The development of liposculpture is not complete, however,
without Dr. Jeffrey Klein’s research work. He developed tumes-
cent anesthesia and thus set a landmark in lipoplasty [7]. There
is previous research on local anesthesia by the Russian physician

Vinieschewky (1916), who studied hydraulic tissue preparation,
and other works on local anesthesia applied to large volumes
carried out in USA during the 1930s and 1950s. Dr. Kleins
revolution allowed lipoplasty to be carried out on outpatients
under local anesthesia entailing little blood loss.

In his attempts to reduce blood loss and post-surgical trauma,
Dr. Pierre Fournier showed in 1985 that fat might be extracted
through single-use syringes [5].

Dr. Michele Zocchi developed ultrasonic-assisted lipo-
sculpture and submitted his first reports on this technique in
his papers on the selective cavitation effects of ultrasound for
adipose tissue lyses [8] (Fig. 25.2-25.3). Later on, in 1992, a
specific device was introduced. Carried out by competent pro-
fessionals, this method enables the controlled extirpation of
great amounts of adipose tissue and also allows skin retraction.
Unfortunately, complications derived from irresponsible use of
ultrasound devices have limited their use to experts only, with
optimal results [9].

Dr. Michele Zocchi, from Italy, was a visionary man of science,
a genuine researcher, and an insightful observer who noticed
ultrasound advantages and their potential contribution to lipo-
plasty. Ultrasonic-assisted liposculpture carried out through
devices such as solid titanium ultrasonic probes enables selective
destruction of fatty cells with no damage to venous and lymphatic
vessels or fibers [10,11].

Dr. Leibaschoff and Dr. Ciucci have carried out direct and
radioisotope lymphographies that demonstrate conclusively this
selective destruction (Fig. 25.4) [12], as well as Tazi and Schefflan’s
videofibroscopies.

In 1992, Dr. Giorgio Fischer (Italy) developed orthostatic
liposculpture. He designed an orthostatic couch that lets the
physician operate and control liposculpture while the patient is in
standing position [3].

Almost simultaneously, Dr. Marco Gasparotti (Italy) reported his
superficial liposculpture methodology, which enables better skin
retraction and a smooth, homogeneous, cutaneous surface [13].

In 1993, Jeffrey Klein made still another contribution by
using 2 mm micro-cannulae of various lengths in tumescent
liposculpture. By working through multiple entry orifices, he
achieved excellent results and the patient’s recovery was very
quick [14].

Now we have a new machine for internal ultrasonic-assisted
liposculpture, the Vaser, the safest machine to work in ultra-
sonic lipoplasty, with all the advantages of the ultrasonic
machine [16].

Vaser pulsed ultrasound is a recently built device, which
utilizes ultrasound energy to emulsify the fat tissue.

The main differences with previous ultrasound technologies
concerns safety issues.

Due to the excessive ultrasound energy delivered by first- and
second-generation UAL devices a series of complications were
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Figure 25.1 Fournier and the syringe, the basis of liposculpture.

described following UAL of 1995-2000 (seroma, mainly, but also
burns, skin necrosis, and dysesthesia).

The initial enthusiasm for UAL decreased due to the compli-
cations rate and cost of equipment. In 2001 Vaser appeared on

(Fig. 25.5) the US market. The new device delivers nearly half the
ultrasound energy in comparison with the older machines.

The shape and design of the new solid titanium probes increases
efficiency of the system.

Superficial UAL allows (through minimal skin incisions) the
utilization of two 2 mm solid titanium probes to fully undermine
the subcutaneous tissue, thus allowing excellent skin retraction.
Deeper planes are treated with two 9 mm or three 7 mm probes
for faster emulsification. Grooved probes increase efficiency
of the system. Three alarms control the system and prevent
mistakes [20].

Lipoplasty has a threefold target: aesthetics, functionality, and
restoration. But only surgeons properly trained in liposculp-
ture may achieve this target. Lipoplasty is a surgical technique
performed through mini-incisions. Thin tools a few millimeters
in diameter are used under tumescent local anesthesia. Opera-
tions should be performed by surgeons who have experience
in this field, under the control of anesthetists or cardiologists
specialized in surgical monitoring.

Fournier said, “Liposculpture is the technique that uses dispos-
able syringes to aspirate localized fat deposits and, if necessary,
inject it where needed” [16] (Fig. 25.1).

We define Lipografting as the method consisting of the
reinjection at different locations of the adipose tissue previously
extracted through liposculpture and subsequently washed with
physiologic solution to preserve adipocyte integrity [17].

Patient Selection

Liposculpture may be sometimes carried out under local anes-
thesia and as an ambulatory procedure, due to its characteristics
as a less aggressive method. A wide variety of patients may be
submitted to it. In each case, the following rules should be

Figure 25.2 Before and after with ultrasound-assisted lipo (=1E, p. 215).
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Figure 25.3 Dr Leibaschoft teaching about the use of Internal Ultrasound (first-generation of device of UAL) in the neck and face (=1E, p. 217).

observed in order to prevent future complications or the patient’s
disappointment:

182

Liposculpture is a technique aimed at localized adiposity, but it
is not a slimming technique. Hence, patient selection is essen-
tial, as well as the study of body contours and steatomeric areas.
Use no more than 3000 cc of tumescent anesthesia solution.
The safety of the lipoplasty with local anesthesia depend on
the total amount of anesthetic drug (lidocaine); the dose and
concentration are determined by kg of weight and this is the
dosage each day.

A maximum of three liters should be extracted.

No more than 25% of the surface of the body.
Mega-liposculpture should be avoided and have specific indi-
cations following the guides of the AACS and the research of
P. Fournier [18,19].

- Itis particularly indicated in patients showing good tropism
and good cutaneous elasticity.

- The technique should not be applied to patients with a
history of blood dyscrasia, renal, hepatic, cardiac affections,
hypertension, diabetes, and those suspected of psychiatric
disorders, as well as uninformed people.

- Technique should not be applied to patients with unreal
expectations.

Pre-Surgical Visit

First of all, a long conversation should be had with the patient in
order to understand the real motivation for the visit, how they
were referred, their knowledge of the technique, and especially
their expectations and fantasies about the results. It is very impor-
tant to ascertain what they expect as a possible outcome of the
operation. Then, the patient should be examined naked to detect
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Figure 25.4 Lymphography in the inner knee.

examination areas and get a general impression of the body and
its proportions, in order to assess possible outcomes according to
body harmony.

Figure 25.5 Vaser Grooved probes.

The examination should be carried out with the patient in
standing position and in different decubitus positions. In fact, we
should remember that the fat tissue mass has its own mobility and
changes according to different positions.

The patient should be required to contract different muscle
groups in order to distinguish muscular flaccidity from “false
cullote de cheval” (buttocks and saddleback), to differentiate
abdomen anterior network dehiscence or flaccidity from swollen
or dilated abdomen; thus defining the appropriate indications and
techniques.

The history of previous treatments should be investigated, such
as iontophoresis, electro-lipolysis, mesotherapy, and all methods
that might have changed fatty tissue characteristics: drugs or
other therapies, such as phosphatidilcholine, ozone therapy or
masotherapy. We should examine skin quality and muscle group
tonicity. Then we must provide our impression, suggest indica-
tions, and advise on possible risks.

It should be remembered that in many cases there is a gap
between the fantasies of the patient and our real medical pos-
sibilities. This may lead to discontent, disappointment and
complaints, and also legal proceedings. The patient should be
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Figure 25.6 Very aggressive complication in liposculpture.

informed that immediate and later post-operative periods are not
identical. Specific care for each period and possible limitations
should be addressed.

In the event of a favorable decision, routine lab tests, pro-
teingram (albumin content, lidocaine carrier), coagulation tests,
cardiovascular surgical risk, and HIV tests should be required.
Then, some other factors should be investigated: possible allergies
to substances, especially to anesthetic drugs, skin disinfectants,
history of keloids, and type of incision.

e Detailed Physical Exam

Abdomen: Hernias, Scars, Diastasis
Skin Alterations

Varicose Veins

Edema (lipoedema or lymphoedema
Retractions and Bumps

Flaccidity

Prescriptions

Aspirin and ibuprofen administration should be stopped at least
seven days before the operation in order to avoid coagulation dis-
orders. The use of all other unnecessary drugs should also be sus-
pended a week prior to the operation.

Broad-spectrum antibiotics should be prescribed, such as
ciprofloxacin 500 mg; 1 gr./day for five days after the operation.
If necessary, an analgesic or non-steroidal anti-inflammatory
(paracetamol) may also be prescribed.

Figure 25.7 Post-op 48 hrs.
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Figure 25.8 Take the pre-op photos without any marking. You can see the retrac-
tion in the right buttock and the localized obesity in the saddlebacks.

Exercise and sports should be stopped at least for two
weeks, but the patient should walk every day after the lipo
(after 48 hours, 1 mile a day in the first week); and also sun expo-
sure of treated areas for approximately 15 days.

Care during immediate and later post-operative periods is very
important.

When lipoplasty is finished, bimodal compression with absor-
bent pads is fundamental since it contributes to the patient’s
comfort and to a uniform skin and cellular subcutaneous tissue
retraction. This is accompanied by an adequate compression and
supporting binder. After 24 hours, pads are removed and replaced
by a supporting non-compressive binder (hence allowing lym-
phatic precollector functioning). In the case of lower limb sur-
gery, one week after the operation the patient should start wearing
elasto-compressive hose (15 mm/Hg).

Immediate physical therapy consists in manual lymphatic
drainage, 2 MHz external ultrasound, and magneto-therapy for
one week. Then, subdermal therapy and carboxitherapy are
introduced or continued.

The steps for a safe lipoplasty (lipo)

1. Take a picture before marking (Fig. 25.8).

2. Lipo starts with the marking (Fig. 25.9).

3. Lipo should be done in an operating room with all safety
requirements including the presence of an anesthesiologist
(Fig. 25.10).

4. Active and correct positioning of the patient for each area
(Fig. 25.11).

5. Initiate the tumescent local anesthesia (Fig. 25.12).

6. Perform the tumescent local anesthesia in the area that is
going to be done (Fig. 25.13).

Formula of tumescent anesthesia solution: lidocaine 500
mg, 1 mg of adrenaline, 5 cc of bicarbonate in 1000 cc of
saline solution.

7. After the end of the tumescent local anesthesia wait
20 minutes to start the lipo procedure, (Fig. 25.14).
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Figure 25.9 Liposculpture starts with the marking; good marking is made with two colors in standing-up position. The red areas are forbidden for liposuction; in the area
with blue lines, the cannula pass without aspiration.

8. Starting the lipo procedure with a 2-3 mm diameter cannula
and a syringe (Fig. 25.15).
The basis of any lipo is the correct use of the syringe and the cannula.
Afterward you will be proficient to be trained in assisted lipo
(internal ultrasound, laserlypolisis).

9. Continue with lipo using syringe (Fig. 25.16).
Notice that the left hand is always feeling the cannula
movement and direction.

10. Next step a titanium cannula is used connected to a low-
pressure aspirator (Fig. 25.17).

Figure 25.10 Liposculpture should be done in an operating room, with the presence of an anesthesiologist.
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Figure 25.11 We work in aseptic conditions, with sterile draping and cleansing of
the skin with iodopovinone.

During the aspiration, the assistant is helping with the skin
stabilization.

11. Post-operative scheme (Fig. 25.7)
Day 1: Relative rest in the bedroom. Start walking with
bimodal elasto-compression (absorbent pads, compression
and supporting binder).
Day 2: The patient may start moving about. Wound healing.
Light elasto-compression. Compression binder. Start with
manual lymphatic drainage and external ultrasound.
2 MHZ and magnetotherapy showers are allowed, with
caution in treated areas (Fig. 25.18).
Days 3-7: The same as day 2.
Day 15: Subdermal therapy starts, aimed at connective
tissue restructuring.
Day 21: Therapy may be associated with carboxitherapy.

Patients should be reminded that the best results may be
observed only after some months (today we know that the first
result will be at four months and the second at 14 months)
(G.Sattler, Conference in the Annual Meeting of the American
Academy of Cosmetic Surgery, January 2004).

Figure 25.12 Local anesthesia for making the small holes (5 cc of local tumescent
anesthesia).
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Figure 25.13 1 introduce the local tumescent anesthesia through a small hole
(2 mm) with an special blunt multiperforate cannula (2 mm).

Laserlypolisis

Advanced technique for the removal of localized excess of fatty
tissue that can be used along or in combination with traditional
liposuction to improve results.

History

1996/1998 First prototypes and early experimentation were
done in Italy and Latin America during 1999. First patent was
obtained.

1999/2000 Wide-scale trials were carried out in Brazil and
Argentina.

By 2002 more than 2000 cases had been treated.

In the following years the method was further developed and
perfected.

On October 31, 2006, Smartlipo™ obtained 510k approval from
the American FDA and started marketing in the USA as well.

The technique uses the high peak power of the laser emission
to rupture the membrane of the adipocytes. The effect is not only
thermal but also thermomechanical, and the rapid and elevated
absorption by the adipocyte membrane allows for creating an
opening in the membrane itself with the spilling out of the cellular
contents (Fig. 25.19).

The mix of the cell contents and the fluids from the tumescent
anesthesia result in the production of an oily, low-viscosity aggre-
gate which facilitates body modelling, and can be easily removed
with low-pressure micro-pumps. (In my opinion it is important
to always remove the emulsion with a 2 mm cannula and a 20 cc
syringe.)

The first device was a Nd:YAG laser, at a 1064 nm wave-
length, using 6 W power, 40 Hz frequency, 150 mj energy, and
100-microsecond pulse (Smartlipo™). This is the device which
has more scientific papers about the use of Laserlypolisis. [25].

Many Nd:YAG devices were developed using different levels of
power; nowadays there are devices using up to 30 W, increasing at
the same time the efficacy of the technique as well as the compli-
cations. We need more research about the safety of these devices.

One of the great differences between Nd:YAG and diode laser is
that the first is working with microsecond pulses and the diode in
minisecond pulses [26].

Microscopic examination post-laserlypolisis [28].
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Figure 25.14 These photos were taken during a hands-on full-immersion training at the International Union of Lipoplasty.

The sections show varying degrees of subcutaneous cell tissue Secondary liposuction
damage. Difficult areas: face, neck, forearm, upper part of the stomach
and knees.
Laserlypolisis Indications In combination with traditional liposculpture to improve
Areas of moderate or potential flaccidity [27] skin retraction and obtain an even and smoother skin
Small or minimal areas of localized fat surface.

Figure 25.15 Start the liposculpture with syringe and blunt cannula.
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Figure 25.16 Continue the liposculpture with the syringe (look at the yellow fat inside).

Complications when using laserlypolisis have been reported 3.
but all those cases were related to the physician’s lack of training
and experience. There is a false belief that laserlypolisis is a non- 4.
surgical technique among professionals and patients. 5.

When the complications rate increases the reputation of the 6.

method is damaged.

The key is to emphasize that you can't do the laserlypolisis 7.
procedure without experience and training in liposuction 8.
surgery.

9.

Rules for a Safe Liposuction

1. Tumescent local anesthesia, respect the maximum doses
2. Assisted skin stabilization technique

10.

Active positioning of the patient to allow the surgeon the

procedure

Post-op open drainage

Take your time

Consider liposuction as a surgery; dont minimize the

difficulty of the technique

DVT prevention in some cases

Keep the cannulas, probe or optical fiber always moving all

the time to avoid burns

Pre-liposuction:
The use of aesthetical medical procedures such car-
boxitherapy, endermologie, mesotherapy, etc. before
the liposuction is an excellent way to improve the
quality of the skin and subcutaneous tissues; that will
maximize the efficacy of the liposuction.

Post-liposuction:
After 24 hrs post-op the use of magnetotherapy,
external ultrasound, lymphatic drainage and then after a
week the use of endermologie and carboxitherapy will
improve the skin retraction.

Facts in Determining a Safe Liposuction

Numbers of areas treated: Choose focal areas like hips and
external thighs, upper and lower abdomen, internal thighs and
internal knees, etc.

Volume of supranatant fat removed: Average less than 3000 cc.
Percent of body fat removed: No more than 25% of the body
surface.

Dosage (mg/kg) of lidocaine: No more than 35 mg/kg per day.

Volume of intravascular fluid infused: It is useful to keep an IV

Figure 25.17 Use the cannula with aspiration and the hands working in the skin open but it is not recommended to give more fluids.
stabilization (to improve the result of the liposculpture). Duration of surgical procedure: No more than 2 hours.

188



SURGICAL TREATMENT: LIPOSUCTION, LIPOSCULPTURE, AND LIPOPLASTY

Figure 25.18 US 2 Mhz magnetotherapy.

Lipoplasty
From my point of view it’s time to discuss the use and abuse of
liposculpture.
In lipoplasty this principle is paraphrased by the statement, “exces-
sive liposuction is unsafe and therefore unethical” (Fig. 25.6).
Statistics
Results after 20 years of performing 8500 liposculpture cases
with local tumescent anesthesia:
Local Infection: 2
Post-operative focal subcutaneous panniculitis-like reaction: 0
Hematomas/seromas: 2
Allergic reaction to additional medication or adhesive tape: 20
Persistent post-operative edema: 5
Nausea associated to lidocaine : 10
Vasovagal reaction: 10
Excessive or persistent post-operative pain: 5
Post-operative fever: 2
Abnormally extended ecchymosed: 4
Unusual post-operative sleepiness/tiredness: 0
Permanent damage of sensitive nerves: 0
Cardiac arrhythmias requiring therapy: 0
Anemia: 0

Complications resulting in hospitalization: 0

Blood or fluid losses requiring transfusions: 0
Venous or fat embolism: 0

Hypovolemic shock: 0

Perforation of peritoneum or thorax: 0

Seizures: 0

Thrombophlebitis: 0

Toxic reactions to intravenous sedative or narcotic: 0
Death: 0

The sharing of experiences from other colleagues in meetings
and congresses is very important but it is not enough. It is impor-
tant to have also the skills that any surgical technique requires to
maximize patient safety and results.

Cosmetic surgical procedures are facing a fast technological
advance and safety concerns should be a priority for each of
us. Physicians must have updated knowledge and skills prior to
incorporating any new technique to their practices.

The International Union of Lipoplasty through its actions pro-
motes, supports and encourages the learning process to achieve a
safe and rational use of liposuction.

Figure 25.19 There is reversible (hydropic, balloon-like degeneration) and irreversible (fat necrosis with lipogranuloma formation in severe cases) cell damage.
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Introduction

Before market launching, all drugs, cosmetics, nutraceuticals
and devices must undergo to a series of clinical trials designed to
evaluate their safety and efficacy according to the parameters of
toxicity, potency, dose finding, and field conditions.

A research protocol is a document that contemplates the funda-
mental parameters of clinical trials, including ethical aspects and
personnel responsibilities. The conduction of a clinical trial is set
out in the protocol that represents the structured written plan of
the study for helping the investigator organize his research with a
logical, focused and efficient approach [1].

The latest research studies on cellulite have come out with
new findings, about cellulite. However, regardless of the fact that
cellulite is a widely discussed topic all over the world, there are
still very few publications based on scientific research clinical trial
protocols. Some of these studies fail to follow the international
standards of good clinical practice and also miss some parameters
for high level of evidence studies, such as randomization, control,
blinding, definition of inclusion and exclusion criteria, outcomes
and clinical parameters of safety and efficacy, besides the use of
validated and well-established methods for evaluation of results.

This chapter is aimed at the fundamental aspects of clinical
research as ethical standards and good clinical practices as well as
specific parameters for clinical research in the field of cellulite.

History
Overall, the history of clinical research has some important land-
marks. Among them are:

e In 1947, the Nuremberg Code created and defined ten
points for the protection of research subjects; these included
informed consent containing comprehensive information
about the nature, purpose and risks of the trial, and the right
to withdraw from the study at any time.

o The Declaration of Helsinki was created by the World Med-
ical Association in 1964. It was designed to define ethical
codes that would provide direction for all participants in
medical research involving human subjects. Its principal
amendments were done in Tokyo (1975), Venice (1983),
Hong Kong (1989), Somerset West (1996) and Edinburgh
(2000).

o The International Conference on Harmonisation of Tech-
nical Requirements for Registration of Pharmaceuticals for
Human Use (ICH) took place at a meeting in April 1990 in
Brussels. It represents the real concept of good clinical prac-
tices (GCP). The aim of ICH is to ensure that good quality,
safe and effective drugs are developed and registered in the
most efficient and cost-effective manner. These activities are
pursued in the interest of the consumer and public health, to
prevent unnecessary duplication of clinical trials in humans
and to minimise the use of animal testing without compro-
mising the regulatory obligations of safety and effectiveness.

Ethical Aspects

Study subjects must be treated with respect and not used only
to obtain results. A research protocol should follow national
and international laws and rules to protect the subjects [3]. To
achieve greater harmonization in the interpretation, application
and conduction of a study, all clinical studies should be carried
out according to the Nuremberg Code, Helsinki Declaration and
GCP/ICH Guidelines.

Protocol documents, such as the protocol itself, informed con-
sent, declaration of a suitable facility, main investigator’s resumé,
trial budget, among others, must be sent to the Ethics Committee
(EC) for approval [4] before beginning the study.

The EC is an independent body constituted of medical/
scientific professionals and non-medical/non-scientific members,
whose responsibility is to guarantee the protection of the rights,
safety and well-being of human subjects involved in a trial and
to provide public assurance of that protection. They review and
provide opinion on the protocol, informed consent and other
documents related to the research subjects [1]. The main ethical
concern is whether the research will place the patients at undue
risk, and whether the subjects will be fully informed about the
nature of the study.

A scientific research protocol must provide informed consent.
This is a document consisting of a written, signed and dated form
in which each research subject voluntarily confirms his or her
willingness to participate in a particular trial [3]. The informed
consent should provide a clear, easy to understand explanation of
all the important information about the study. It should be pre-
sented by a trained person and be confidential. After having been
informed of all aspects of the trial, the subjects are free to decide
whether they are going to participate [4].

The clinical trial can only begin after the EC approval. The
research protocol should remain essentially unchanged except
for minor details. If it becomes necessary to modify the protocol,
a clear description of the rationale for the modification should
be provided in a protocol amendment and communicated to the
EC [5].

Clinical Trial Responsibilities
Clinical trials are developed and conducted by trained profes-
sionals working at different levels of responsibility.

Sponsor

The sponsor’s responsibility is to implement and maintain quality
assurance and a quality control system to ensure that trials are
conducted according to protocols and data are generated, docu-
mented and reported in compliance with the protocol and the
applicable regulatory requirements made by the EC. The sponsor
is responsible for providing information about the product under
investigation, if applicable. He/she is also responsible for desig-
nating qualified personnel who will be readily available to advise
on trial-related medical questions or problems [6].
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The clinical research associate (CRA) is the representative of
the sponsor. According to the legislation, the purpose of the CRA
is to verify that the rights and well-being of human subjects are
protected, that all the trial data is accurate, complete and verifi-
able, and to check “in loco” if the trial is being conducted in com-
pliance with the currently approved protocol/amendment.

Most trials are sponsored by the company manufacturer of the
drug, cosmetic, nutraceutical or device, but in some cases, the
study is investigator-initiated. In such cases, the main investigator
assumes the sponsor’s responsibilities.

Main or principal investigator

The main investigator must be qualified by education, training
and experience to assume responsibility for the proper conduct of
the trial. He/she should meet all the qualifications specified by the
applicable regulatory requirement(s), and should provide evidence
of such qualification through up-to-date curriculum vitae and/
or other relevant documentation requested by the sponsor and
the regulatory authorities. The investigator(s) should be familiar
with the appropriate use of the investigational product or device [1].

Co-investigator

The co-investigator is the person who helps the main investi-
gator follow the study. He/she is a physician who helps to include
and evaluate the study subjects, deals with adverse events, takes
responsibility over all medical procedures defined by the main
investigator, clarifies all the medical questions asked by the
research subjects, aids the CRA when necessary, among other
responsibilities.

Clinical trial coordinator

The clinical trial coordinator is responsible for all operational
actions regarding the study. It is her/his responsibility to help
the main investigator to proceed in accordance with the study
protocol, meeting all methodological and ethical demands to
obtain reliable results guaranteeing the well-being of the research
subjects.

Other clinical trial staff

A clinical trial involves a great number of people, each one with
a different position such as research assistants, nurses, and sec-
retaries. They must be trained and fully informed regarding the
study to avoid mismatched information that could confuse the
research subjects and compromise data accuracy. They should
be warned about the ethical issues regarding clinical trials.

Study Protocol Structure

The protocol should provide an overview of the study, with an
introduction, the reasons and objectives of the research, detailed
methodology, and evaluation of outcomes. It must explain the
study design (comparative, controlled, open-label, randomized,
blind, etc.), the study population, the calculation of the sample
size according to the main criteria of judgment, and how the data
will be obtained [7]. Also, it must contain ethical aspects, manage-
ment of possible adverse events and guarantees of the accuracy
and quality of data. Other information essential to write a scientific
research protocol is: title, identifying number and date, sponsor,
main investigator’s and other staff responsibilities including name,
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address and telephone number of the investigator(s) responsible
for conducting the trial. It should contain a statement that the trial
will be conducted in compliance with the protocol and applicable
regulatory and GCP/ICH requirements [2].

The title of the protocol should express the main purpose of
the research. The title is usually the first part of the protocol to
be read and therefore should transmit maximum information
in fewer words. It should indicate the area of research, intro-
duce the research question and specify the research method to
be used [8].

Criteria of judgment must be precisely described: main cri-
teria and secondary criteria. Formal sample size calculations are
required for all clinical trials. These indicate how many study
subjects are needed, as well as if the research ideas are correct,
and if it is very likely that a statistically significant result will be
obtained. It is important to give a limited description of the statis-
tical methods used for the sample calculation.

The protocol should specify methods of allocation to treat-
ment groups and blinding, in case of blind studies. In conducting
a controlled trial, randomized allocation is the preferred means
of assuring comparability of test groups and minimizing the
possibility of selection bias. Blinding is an important factor in
reducing or minimizing the risk of biased study outcomes. A
trial where the treatment assignment is not known by the study
participant because of the use of placebo or other methods of
masking the intervention is referred to as a single blind study.
When the investigator and staff who are involved in the treat-
ment or clinical evaluation of the subjects and analysis of data are
also unaware of the treatment assignments, the study is double
blind [4].

The management of an adverse reaction should be specified
in the protocol. An adverse reaction is defined as any medical
occurrence in a patient or clinical investigation subject that
does not necessarily have a causal relationship with the study
treatment [1].

All the adverse events must be reported to the sponsor and
according to the severity to the Ethics Committee and always
according to the local regulation. The immediate report shall
be followed by a detailed written explanation of the adverse
event. In the exceptional case of reported deaths, all informa-
tion must be provided by the investigator to the sponsor and
the EC [5].

A serious adverse reaction is a medical occurrence that at any
dose may result in death. It is an adverse, life-threatening adverse
event that requires admission to hospital, resulting in perma-
nent disability or in congenital anomaly/birth defect. All relevant
information about suspected adverse reactions that are fatal or
life-threatening must be reported as soon as possible to the Ethics
Committee [3] always in accordance with local requirements.

Study Protocols in Cellulite

Evidence-based argumentation and a fundamental theory are
essential to the development of a reliable cellulite research pro-
tocol. In such cases, all scientific requirements for a study protocol
must be achieved, as explained above. However, despite differ-
ences in each cellulite study design regarding the objectives and
nature of the investigational product, some specific requirements
could be followed:
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Inclusion and exclusion criteria
Some specific inclusion and exclusion criteria to select the research
subjects should be included in any cellulite study:

Inclusion Criteria:

e The age range for cellulite studies is usually 18 to 45 years
old, which is the period in a woman’s life when cellulite
could be present without interference of other associated
conditions, such as flaccidity;

e Usually only female patients are included in a cellulite
clinical trial, since women are most affected by this skin
condition;

e Evaluation of the cellulite grade should be done to verify
whether the subject presents the appropriate grade for the
study;

e The range of BMI (Body Mass Index) should be defined,
since weight influences cellulite. It is important to include
subjects with normal weight/height ratio (BMI = Weight/
Height?) from19.0 to 24.9 kg.m 2 or overweight subjects,
in some cases, with BMI from 25.0 to 29.9 kg.m™2. As
weight is an important factor (besides this), the subject
must agree to maintain a stable weight throughout the
duration of the study in order not to bias the results of the
study (e.g. less than 2 kg of weight change are acceptable
in most protocols);

e Subjects must have healthy skin in the area that will be
measured;

e Subjects must agree not to use any slimming products or
any other cellulite treatment during a determinate period
preceding the study and during the study;

e Subjects must have a regular menstrual cycle, since hor-
monal changes are one of the causes of aggravated cellu-
lite;

e The research subjects must want to take part in the study
and be likely to follow the study procedures, and be avail-
able for the study visits according to the protocol.

Exclusion Criteria:

e Pregnant or lactating subjects or those who plan to get
pregnant during the trial period;

e Subjects presenting varicose veins or history of phle-
bitis in the cellulite area or conditions such as psoriasis,
eczema, erythema, edema, scars, wounds and other
visible lesions, as these conditions could interfere with the
evaluation of study results;

e Subjects with chronic diseases like diabetes, hypertension
or undergoing oncological treatment that could inter-
fere with the conduction of the study and evaluation of
results;

e Subjects who have clotting disorders;

e Subjects who used some kind of cellulite-treatment in the
last 30 days before the beginning of the study or those
who underwent any kind of surgical procedure in the area
of treatment, usually in the past three months before the
study;

e Subjects using the following medications: analgesics,
anti-inflammatory, antihistaminic, corticoids, diuretics,
venotonics and those susceptible to hematomas or
ecchymosis;

e Subjects receiving cosmetic, dermatological surgical
or medical treatment likely to interfere with the study
evaluations;

e Subjects making use of or who are planning to use and
expose the area of treatment to the sun, artificial UV
tanning or sunless tanning products;

e Subjects who have been on a slimming diet in the past
three months before the study or who wish to do so during
the study, as it could interfere in the study evaluations;

e Subjects who intend to start an intensive sport, because
it could cause weight loss, probably reducing the cellulite
grade during the study.

Clinical and cosmetic evaluation

The medical history of the research subject is the first thing to be
done in the initial study visit. The patient should be questioned
about the age of cellulite onset, history of disease, surgeries, pres-
ence of hormonal or vascular disease, the occasional or regular
use of medicines or the use of any medicine that may contribute
to increasing the deposit of fat. Questions should be asked about
other aspects, such as: smoking, pregnancy, diet, physical exercise
etc. [9].

The physical examination should be performed with the patient
in a standing position and with muscles relaxed. Cellulite can be
better observed with the application of the pinch test or muscle
contraction. Overhead or tangential illumination of the patient
facilitates visualization of cellulite. Palpation should always be
performed to check the elasticity of the skin and subcutaneous
tissue [9,10]. Evaluation of cellulite grade shall be performed, at
all measurement times, by a very experienced person (specialist),
the same person for the duration of the study and for all subjects,
and always in the same condition of lighting. Validated scales,
such as the Cellulite Severity Scale [14] are preferable in clinical
trials. Localisation of the sites to be measured by instruments and
how to locate these at the different evaluation visits must be com-
pletely reproducible.

Photographic images

Colour photographs of each cellulite area must be taken under
normal conditions in the upright position with and without
pinching (thigh and buttock on each side) according to a clearly
defined procedure in the protocol.

The patients should stand at a predetermined distance and the
pictures should be taken focusing on the area between the waist
and the knees.

A digital camera with zoom should be used. The camera should
be adjusted to a tripod, and the distance between the camera and
the subject should be regulated according to the precision of the
pictured area. The same camera should be used by the same oper-
ator for the duration of the study and the condition of lighting
must be perfectly controlled.

There are a few photographic systems specifically designed to
take standard pictures of cellulite patients, such as IntelliStudio
and Vectra 3D from Canfield Scientific, Inc.

Methods evaluated

Cellulite should be evaluated using qualitative, semi-qualitative
and quantitative methods. Recent studies investigating
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anti-cellulite treatments mostly used digital photography, visual
scoring, circumferential thigh measurements, BMI and subjec-
tive assessments. Results of studies relating to anti-cellulite effi-
cacy are provided in order to give an overview of investigative
methods [11].

Measurement of the circumference of the thighs and buttocks
should be performed, for all measurement times, in accordance
with a procedure precisely defined in the protocol.

BMI is widely used by some authors. It is a quantitative method
that uses the measure of weight and height to assess the degree of
obesity [9].

The current scale for cellulite classification (grades 0 to III)
[12,13] describes different grades of cellulite, but some aspects
that affect the severity and morphology of cellulite should only
be accessed by Hexsel, Dal’Forno & Hexsel Cellulite Severity
Scale (CSS) [14]. CSS is a very useful semi-quantitative tool that
addresses cellulite severity to 15 scores. Chapter 4 describes the
CSS.

The two-dimensional ultrasound is a noninvasive method for
evaluating variations and alterations of the subcutaneous fatty
tissue, and with the assistance of Doppler, it evaluates the local
circulation [9]. It is a useful method to evaluate the results of
cellulite treatments on clinical trials. Choice of frequency of
ultrasound is made according to the zone of interest. It is very
interesting to evaluate the junction between hypodermis and
dermis.

High-resolution magnetic resonance imaging measures the
thickness of adipose tissue, but does not allow evaluation of the
dermis or microcirculation. [9,15]. It is also an efficient but very
costly method to evaluate cellulite in clinical trials.

Additional evaluation methods include a newly validated
quality of life questionnaire (CelluQOL®) [16] that is very useful
(see chapter 1), and also self-questionnaires, as secondary end-
points due to their subjectivity.

Conclusion

A well-planned and written research protocol is very impor-
tant to prevent failure when collecting crucial information, as
well as to check if the objectives of the study can be achieved
and to plan precisely the research. A well-planned study design,
reliable and accessible methodology and an experienced staff
assure the quality of any clinical trial. It is easier to obtain EC
approval when a well-written scientific protocol is presented,
such as the sponsor agreement when the investigators initiated
the studies.

Although cellulite is a great concern to many women, it has
received little attention in the scientific world. The physiopa-
thology of cellulite has not been well elucidated by the researchers,
so studies in this area are a little scanty, and dissension and con-
troversy are rife. New research protocols with new methods of
evaluation are needed to develop studies in order to gain a better
understanding of these skin conditions. They are important in
obtaining new therapies and products.
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Introduction

Cellulite is an aesthetic skin condition, characterized by a dimpled
skin appearance in the lower legs, buttocks and abdomen. Based
on the pathophysiology of cellulite, involving adipose tissue,
dermis and vascular alterations, the evaluation of skin tempera-
ture and skin relief are good non-invasive methods to assess the
level of cellulite. Skin temperature can be measured using either
contact or infrared thermography. Digital photography and 3D
imaging are two techniques that can document skin relief. Digital
photography can also be used as an objective method to docu-
ment and measure cellulite changes, demonstrate treatment effi-
cacy and provide a barometer for patient/physician expectations
and treatment planning.

This chapter describes some key elements for photographing
cellulite, provides guidance on critically evaluating the cellulite
photos, summarizes different equipment and storage options and
presents some new imaging methods used in clinical research.

Digital Photography

Dermatologists have documented skin conditions with photog-
raphy for over a century [1]. In the past decade digital photog-
raphy has experienced a rapid rise in technological development
(i.e. digital SLR—single lens reflex—cameras, increased resolu-
tion, better optics and processing, etc.) and a dramatic reduction
in cost, providing physicians with access to powerful tools for
acquisition, storage and manipulation of photographic images.
Research has shown photography significantly improves patients’
understanding about treatment progression [2]. Consequently,
photography is the easiest and most effective way to communicate
the benefits of treatment to patients, peers and the public.

Requirements to Perform Macro Photography
The minimum set up to document cellulite with photography
should include a digital camera, light source, computer to store,
analyze and display the images and possibly a color printer to
share the images with the patient.

We identified four key elements in cellulite photography: pho-
tographer, camera, light source, and subject.

The photographer

The photographer is the conduit to obtaining a good photographic
image of cellulite. Some of the responsibilities of the photographer
are to ensure the correct positioning of the camera, light source
and subject, uniform cellulite illumination and taking the pho-
tograph. Standardizing the setup and procedure are crucial to
photographing and evaluating any change in cellulite due to treat-
ment. The photographer must be patient, especially early on, and
keep the subject calm to achieve a good quality work.

The camera
Current standard digital cameras available (point and shoot cam-
eras: e.g. Canon Powershot, Sony Cybershot and Nikon Coolpix)

have a resolution of over ten million pixels (i.e. 10 megapixels).
Since Kaliyadan [2] has demonstrated that a resolution of four
million pixels is enough in most dermatological usage, other
criteria such as color balance and optical distortion should be
used to compare digital cameras. Attention should also be paid
when choosing a compression format that will not visibly alter
the images during the storage process. Low quality jpg should be
avoided. Details on types of digital storage and image formats are
given in the third part of the chapter (Image Management).

Light source

In photography in general, and particularly photographing cellu-
lite, light source positioning is crucial. Improperly positioned light
can create shadows and artificially increase the perceived amount
of cellulite. Fig. 27.1 provides examples of the same subject being
illuminated by the same light source, placed in three different
positions. We can observe that depending on the position of the
light source, the light falls uniformly over the cellulite region or
the shadows cast in the cellulite region artificially increases the
apparent cellulite severity.

In order to obtain homogeneous lighting, a reflective panel can
be used. In addition, a dark and opaque background provides
greater control of the subject illumination. Most importantly, the
positioning of the light source should be the same in all time-
points for the same subject.

If the only lighting system used is the flash in the camera, this
should be positioned at a distance that would allow taking a larger
area, using a high-definition photo and after select and crop the
area of interest.

Subject

The relative position of the subject to the camera enables the acqui-
sition of the same field of view before and after cellulite treatment.
The physician should have a standardized setup and imaging pro-
cedure to aid in correlating the before and after treatment images.
For instance, to help maintain the same distance between the
camera and patient, simple markings for the patient’s feet and the
camera tripod could be used. Further correlation between the two
images could be accomplished using anatomical landmarks such
as veins and scars. The “after treatment” image should be com-
pared to the “before treatment” image immediately after acquisi-
tion to check for consistency and to be retaken if necessary.

The subject’s stance determines the shape of the muscles. In
most cases, it is recommended to photograph the subject in a
relaxed, standing position. However, when taking photos of the
gluteus area, asking the subject to contract the gluteus muscles
helps making the cellulite more evident. Again, it'’s important to
compare photos to achieve the same grade of muscle contraction
in all time-points. A horizontal stabilizer bar can help reduce sub-
ject motion during the image acquisition. Fig. 27.2 illustrates the
difference in cellulite perception between a relaxed posture and
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Figure 27.1 Different visual aspect of cellulite due to changes in light source positioning

contracting the gluteus muscles. The contracted muscles increase
the perceived amount of cellulite on the subject.

Image Standardization

The primary treatments for cellulite are based on devices or cos-
metics. For both types of treatments there is no strict control from
health authorities, and no regulatory exigency to conducting ran-
domized controlled clinical studies to demonstrate efficacy and
safety. Many cellulite treatments use ‘before and after’ photos as
promotion and demonstration of efficacy. The comparison of pic-
tures acquired before and after treatment requires the use of an
acquisition protocol standardizing the photography conditions in
terms of the subject and camera positioning and illumination.

When observing before and after photos, it is important to
determine if the ‘improvement’ is real and not due to not well-
standardized photography acquisition. For instance the subject
may have contracted her muscles in the “before” photo and relaxed
in the “after” photo. One simple method to identify whether the
muscles are contracted is to look at the curve of the gluteus fold.
The curve is rounded when there is no contraction and tends to
be closer to 90° when it is contracted. In addition, the shape of the
shadow between the buttocks should be similar in the two photos
(e.g. Fig. 27.3).

Ideally the subject should have a minimal amount of clothing
on, as the difference in clothing or position of the clothes can
distract attention and minimize/maximize differences when com-
paring images from before and after treatment.

Figure 27.2 Subjects with gluteus contracted (left) and relaxed (right).
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To ensure good image standardization, the camera should
be placed on a tripod and both distance from the subject to the
tripod and the height (floor to camera) should be recorded for
each subject. This ensures the same measurement parameter for
the before and after photo.

OTHER IMAGING TECHNIQUES USED IN RESEARCH
Photographs of Pinched Thighs

Image acquisition

Manual palpation is one way to assess the severity of cellulite.
The dimpled appearance of skin is accentuated when the skin
is pinched. The skin can be pinched either with the hands or a
device. Pinching the skin with the hands is a simple low-cost
method. Since applying a consistent known pressure to the skin is
difficult, using the hands to pinch the skin is not generally used as
a research tool to measure cellulite (Fig. 27.4).

Another method is to use a device that can apply a known stan-
dardized pressure to the skin. One system proposed by Perin [3] and
his team acquires macroscopic photographs of the external surface of
the thigh being pinched with a consistent pressure (Fig. 27.5).

Their system exerts a tangential pressure of approximately 200 g/cm?
on the surface of the skin. The tangential pressure depends on the
positioning of the system on the thigh and a protocol is designed
to enable consistent pressure across time-points. Perin and his col-
leagues evaluated the repositioning of the gripping system and have
found it consistent in their experimental conditions (a deviation of
6 mm was observed on a surface of 160 X 100 mm).




DIGITAL PHOTOGRAPHY AND OTHER IMAGING TECHNIQUES IN CELLULITE

Figure 27.3 Differences between relaxed and contracted gluteus muscles. In the contracted photo (left), the intergluteus fold-tight angle is closer to 90°, whereas in the
relaxed photo (right) the same line is rounded. Note the shape of the shadow is different and smaller in the contracted photo.

As for other digital photos, the standardization of subjects
positioning and lighting enables to obtain comparable results
across time-points. The subjects stand up in a controlled upright
position, with their feet slightly open and they hold a horizontal
bar for their body equilibrium. The camera is placed in front of
the subjects’ thigh, perpendicularly to the skin surface. The light
source is placed to tangentially enlighten the skin surface below.
This setup provides images with high dimple contrast, owing to
the shadow they project (Fig. 27.6a).

Image analysis

Perin et al. proposed a seven-grade photonumerical scale to
evaluate cellulite images of a pinched thigh. This scale was tested
and validated demonstrating high level of repeatability and
reproducibility. This method has the added benefit of providing
the patient with meaningful figures.

The images can be analyzed to determine skin roughness
(Fig. 27.6b). Briefly, the illuminant component of the image is
extracted from the cellulite color images to provide informa-
tion related to the distribution of light on the skin. The dimples
appear lightened while the holes are shadowed. Profile lines are
then extracted from the grey-level illuminant image and various
roughness parameters such as the average roughness (Ra) and
maximal amplitude (Rz) can be calculated.

We have investigated the correlation between roughness
parameters (Ra, Rz) and the classical four points clinical grading
of the cellulite [4] and found that the roughness parameters are
correlated to the clinical score (see Fig. 27.7). Bertin et al. [5] also
demonstrated that the method is sensitive enough to document
changes related to the use of cosmetic products.

These two-dimensional regular images allow the documenta-
tion of cellulite and extraction of the roughness parameters. In
order to assess the eflicacy of a cosmetic or a device treatment, the
standardization of the acquisition conditions is mandatory. The
cellulite is even more visible when the thigh is pinched. This step
also requires specific equipment that delivers a constant tangential
pressure to the skin. When well standardized, this is a specific,
reproducible and sensitive method to measure cellulite. However,
the roughness parameters extracted from 2D images are based on
light and shadow information and therefore represent an indirect
measurement of the skin roughness.

Three-Dimensional Skin Surface Images

3D measurements can be performed to directly assess the skin
surface texture and relief. Three digital imaging techniques have
been progressively adapted for skin applications since the end the
90s [6]. They were first developed to measure skin wrinkles [7],

Figure 27.4 Pressure can accentuate the orange peel aspect of cellulite. The variation in hand pressure in the same subject provides different visual aspects.
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Figure 27.5 Pressure system developed by Perin et al.

and then extended to other applications such as facial shape or
lips volume. A 3D device has successfully characterized cellulite
levels in vivo [8].

Image acquisition

Suitable devices for 3D acquisition in a clinical center should
be accurate, reproducible, noninvasive and affordable. There are
three main techniques that currently meet these criteria. The tech-
niques differ in how they scan the skin surface, but deliver similar
3D topographic surface maps. Each of the techniques has advan-
tages and limitations (Table 27.1).

Laser scanning techniques. The cellulite area is scanned using a
laser that is rasterized as a spot or stripe. The displacement of the
laser is automatically controlled. The duration of the acquisition
depends on the density of the cloud of points (spatial resolution)
that is required. As an example, Smalls et al. [8] used a Cyberware
Rapid 3D Digitizer (Cyberware, Inc., Monterrey, CA) to record
3D data of thigh cellulite. The scanner allowed them to collect a
cloud of 256 X 512 pixel images (131,072 data points) in less than
40 seconds. The corresponding field of view was 402 X 170 mm
and the spatial resolution of their acquisition was 0.5 X 0.38 mm.
Today, faster devices such as the Konica Minolta VI-910 (Konica,
Minolta Holding, Inc., Tokyo, Japan) enable the acquisition of
76,800 points in 0.3 seconds and 307,000 points in 2.5 seconds.

Selection of the region of
mterest

Structured light projection techniques. This method has been
widely used to assess the skin roughness [7,9,10]. The principle is
to project structured light patterns on the surface to be measured.
The light pattern is distorted following the shape and the relief
of the surface (Figs 27.8 and 27.9). By recording this deforma-
tion using a fast and high-resolution camera, the point’s cloud is
reconstructed using the triangulation principle. The Dermatop
V3 (Breuckmann, Germany) are able to perform acquisition in
less than 0.4 second for 1280 X 1024 points.

Stereophotographic techniques. Stereophotographic methods are
inspired by the human perception of 3D information. Humans
combine images from their two eyes to infer 3D information about
the environment. Stereophotography applies the same principle to
create 3D surfaces from two 2D images acquired using a regular
camera. Consequently, the systems are usually made with one or
two cameras that are able to acquire two images of the subject at
different angles. Some systems also include a speckle texture light
projector that enables a more precise recomposition of 3D data
when the region of interest presents low contrast.

As for the previously described image methods, the acquisi-
tion of 3D images requires a well-standardized protocol as already
described. While we prefer having the volunteers standing up
(Fig. 27.9), Smalls asked them to sit on a flat surface with knees
at a 90° angle [8]. This constraint is certainly linked with the long
time their acquisition system requires (around 40 seconds).

Image analysis

The 3D image is a topographic surface composed with three main
types of information: the overall shape, the waviness and the
roughness.

We can use a few simple image-processing steps to separate
the overall shape or curvature of the thigh and/or gluteus from
the cellulite. The shape corresponds to the overall curvature of the
region of interest (thigh or gluteus) and is not subject to variation
related to the cellulite. Therefore, a low pass filter is applied on the
image to remove this shape and to compensate the curvature of
the image. After this step, a flattened surface containing only the
waviness and the roughness of the skin is obtained. According to
the sensitivity of the acquisition device, the roughness usually cor-
responds to the skin texture and is consequently removed with a
high pass filter. Finally, only the waviness is analyzed since it is the

Extraction of profile lines from
the image of luminance

Analysis of each
profile line

Figure 27.6 Details of skin surface when pinched by the “pressure system” (a) and roughness parameters assessment (b).
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Figure 27.7 Correlation between the roughness parameters Ra, Rz and the clinical grading of the cellulite state using the four grades scale described by A. Rossi.

Ligth pattern

projector Catiara

Figure 27.8 Principle of the structured light projection technique.

only component of the signal related to the dimpling of the skin
caused by the orange peel aspect of cellulite (Fig. 27.10).

After having removed the body shape and the roughness of
the skin, several parameters, such as the total dimple volume can
be calculated to quantify the level of cellulite. Similarly to
the line roughness parameters Ra, Rz, the surface roughness
parameters such as mean roughness Sa and the maximum ampli-
tude deviation Sz can be calculated directly from the surface
data. The method based on the calculation of these parameters is
sensitive and reproducible. Results from this method correlate
well with the clinical grading of the cellulite (unpublished data).

Thermography

The measurement of the skin temperature has been used as a diag-
nostic tool for several diseases since the early 70s. The rationale is
to measure the heat variations related to near surface blood flow
in the hypodermal vascular network [11,12]. The heat changes are

Table 27.1 Comparison of three different 3D acquisition techniques.
For each criteria, the best technology is rated with a triple “+”

Technology Speed Image quality Cost
Laser scanning + ++ ++
Structured light ++ +++ +
Stereophotography +++ + 4+

N |

due to morphological modifications in adipocytes and blood flow
in the different grades of cellulite [13]. Thermography indirectly
evaluates blood flow through this vascular network. Two different
thermal imaging techniques can assess skin temperature: contact
thermography and infrared thermography.

Contact thermography

The first thermal images were obtained in the early seventies
by taking pictures of encapsulated liquid crystals (ELC) plates.
This method has been reported in the literature as the contact
thermography. ELC plates are generally made by a set of flexible
pillow detectors containing arrays of crystals which change color
at a specific temperature [14]. Several types of crystals are dis-
tributed in a close space (pixel), each one sensitive to a specific
temperature. Thus, the temperature is measured with an ordinal
scale with a limited range. This system allows measuring tempera-
tures with a seven-color scale ranging from 26.5 to 30.5°C. As an
example, the Cell-meter RSW27S is a system made with a thermal
plate and a camera for assessing cellulite on the thighs.

Image acquisition. The thermal plate is pressed against the
desired body part using a metal frame. The color changes
are recorded using a regular digital camera. The position of the
camera, magnification and white balance are standardized to have
reproducible pictures across time-points. An acquisition protocol
is needed in order to acquire comparable pictures throughout
all time-points. This protocol is usually close to those used for
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Figure 27.9 Acquisition of a 3D image using structured light projection techniques.

macrophotography. However, particular caution should be taken
to handle thermal changes related to the physiological process.
For example, the pictures should be taken at the same period
of the day and menstrual cycle. The impact of physical activity,
smoking, caffeine and emotional state should also be reduced to
a minimum by keeping the patient in a controlled environment
before image acquisition. Environmental factors influencing
the body heat should also be controlled (room temperature and
humidity).

Image analysis. The analysis of contact thermography images
is sometimes qualitative [15]. Contact thermography images are
generally compared to standard scale images. The two impor-
tant thermal parameters for assessing cellulite severity are the
overall temperature and its homogeneity. During the first stage
of cellulite, adipocytes are small and well distributed resulting in
a homogenous and hot skin. As the severity increases, irregular
nodules appear and the skin temperature becomes more unbal-
anced and cold. Fig. 27.11 shows an example of thermal image

Figure 27.10 Example of 3D images before and after the removal of the waviness.
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from two people, one without cellulite and the other with a severe
grade of cellulite.

Contact thermography is an inexpensive and fast way to inves-
tigate the skin temperature and therefore evaluate the blood
flow network. However, it requires direct contact with the skin,
which can lead to interference in the measurement. Infrared
thermography can be used to tackle this drawback.

Infrared Thermography

Infrared cameras are used to record infrared radiation emitted
from the body. Infrared radiation is related to skin temperature.
A higher skin temperature will emit more infrared radiation.
Thermal cameras generally provide monochromatic images, where
each pixel value corresponds to the temperature. The images are
usually displayed using a color look-up-table (Lut) that goes from
blue (cool points) to white (warm points). Infrared cameras can
detect a wide range of temperature (from -20°C to 300°C) with a
sensitivity of less than 0.02°C.

Image acquisition

The acquisition process requires the same positioning constraints
as 2D macro photography, and the same standardization as for the
contact thermography. The size of the thermal sensor is generally
small (320 X 240 pixels), requiring careful selection of the distance
between the subject and camera to maximize exposure to the area
of interest. Due to the high sensitivity of the camera, physiological
and environmental factors should be precisely monitored during
the acquisition process. When recording skin cellulite images, it
may be helpful to include thermal landmarks in the camera’s field
of view. As an example, the cellulite area to be examined could be
delimited by small bandages (Fig. 27.11).

Image analysis

The images recorded using an infrared camera are processed auto-
matically since the pixel values correspond to the real temperature
(Fig. 27.11). The average temperature is calculated. The homoge-
neity of the skin temperature is obtained using parameters such as
Ra and Rz or Sa and Sz.
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Figure 27.11 Contact thermography image from subjects without cellulite (top) and with cellulite (bottom).

Image Management

Apart from the image acquisition device (regular, 3D or infrared
camera), a digital imaging system also includes a computer for
image processing and visualization and a storage media. The com-
puter to support a photographic system should have good power
computation and enough random access memory (RAM). Most
desktops and laptops currently available with 1 GB of RAM are
powerful enough to process 2D and infrared images. More com-
putation power (i.e. faster processor and more RAM) is needed
for 3D images. A typical system for 3D image processing should
have at least 2 GB of RAM. The system should also include a wide
color corrected screen (e.g. 19 or 22 inch monitor) for viewing the
images.

Finally, images should be digitally cataloged (i.e. easily saved,
indexed and retrieved) based on the patients records. Several soft-
ware packages are available to manage dermatological images (e.g.
Dermapix°®, Quantificare, France). The images should be saved
on an external hard drive (over 1 terabyte) and backed up on a
separate source. One potential solution is to use web-based image
cataloging to archive medical images with respect with confiden-
tiality requirements.
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CSS. See Cellulite Severity Scale (CSS)
Cushing’s disease, 35, 48

Cutaneous depressed lesions on thighs and buttocks, 39-40

Cutaneous flaccidity
factors affecting
excessive liposuction, 33
genetic, 33
multiple atrophic striae, 33
photoexposure, 33
use of medications, 33
weight variances, 33
Cutaneous localized scleroderma, 39
Cutis laxa, 33
Cyclical edema, 43

Cynara scolimus. See Chofitol for treatment of cellulite

Cytokine, acute stage inflammatory proteins, 44

Deoxycholic acid (DC), 75
Dercum syndromes, 43
pathogenesis, 9
Dermatologic Surgery, 74
DermaWave No-Needle Mesotherapy system, 86
applicator with unit dose of medication, 89
electroporation and aquaphoresis, 87
on facial photo-aging, 88
mixing technique, 87
results for
in vitro and in vivo model, 89
Dermoelectroporation treatment, 145
and Biodermogenesi, 150
equipment for, 147
second phase of, 147
Dermolipectomy, complications

INDEX

cost of equipment and/or consumables, 34
healing time, 33
pain during the procedure, 34
postoperative infection, 34
prolonged anesthesia, 33—-34
risk of infections, 34
unaesthetic large scars, 34
Diabetogens, 48, 50
Dietary influences on cellulite, 24
estrogens in diet, 24
fermented soy, 24
Dietary supplementation and cellulite
bioflavonoides, 55
glycine propionyl-L-carnitine, 58
metabolic activators, 55-56
omega-3 fatty acid, 56
omega-6 fatty acid, 56
vitamin C, 58
Dihomo gamma-linolenic acid, 56
Dihydroergotamine for treatment of cellulite, 65
m-Dihydroxi-benzene, 69
Direct techniques for measurement of adipose cells, 44—45
DXA, 46
macro-nutrients
carbohydrates, 47
lipids, 47-48
proteins, 46—47
Dual energy X-ray absorptiometry (DXA), 46

EAA. See Essential amino acids (EAA)
Edematofibrosclerotic dermo-lipodermic pathology, 8
Elancyl® ChronoActive for treatment of cellulite, 64—65
Elastic pseudoxanthoma, 33
Elastin formation from tropoelastin, 11
Electro-Optical Synergy (ELOS), 108
Electroporation techniques, 86
Endermic diffusion, 145
Endermologie® by LPG Systems
anatomy and physiology of dermo-epidermal tissues
adipose tissue, 91
interstitial matrix, 91
for care or maintenance, 95
directions of rotation, 93
equipments for, 91
history and principles, 93
indications
adipose cellulite, 95
cellulitic syndromes, 95
edematous cellulite, 95
fibrous cellulite, 95
interstitial cellulite, 95
localized adiposity, 95
obesity, 95
phebolymphology, 94
plastic and aesthetic surgery, 94-95
maneuvers use, 95
manual lymphatic drainage, 92-93
massage, 92
mechanism of action, 93-94
with protheic nutrition, 96
skin and connective fibers, traction of, 93
standard time of treatment, 96
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stimulations of
mechanoreceptors, 94
Pacini corpuscles, 94
superficial muscular fascia, 92
treatment phases, 94
Endocrine-metabolic syndrome. See X-Syndrome
Endocrinopathies and cellulite, 43
Erbium-doped fiber laser for stretch marks, 37
Essential amino acids (EAA), 47
Estradiol levels and cellulite, 44
Excimer laser for stretch marks, 37
Extracellular matrix
biochemical-functional relationships with cells, 11
composition
proteoglycans, 12
specialized proteins, 11
structural proteins, 11

Fasciae presence, 8
Fat
deposition, hormonally mediated, 25
herniation with hypodermic tension bands, 13
Fibrosclerosis of connective tissue, 13
Flaccidity/loose skin, 17
liposuction, 18
skin surface improvement, 18
Food intolerance
alimentary aspects, 53
allergy
alternative way mediated by macrophages, 53
classic way modulated by IgE, 53
food delayed, 54-55
and intolerance reactions, 53—-54
Prick and RAST test, 53
Food pyramids, 51
Foot hypothermia, 9

Fuccus vesiculosus. See Bladderwrack for treatment of cellulite

Gamma-linolenic acid, 56

Gamma Planar device, 87

Gelatinase secretion and cellulite, 25

Ginkgo biloba for treatment of cellulite, 63—64
GLD. See Gynoid lipodystrophy (GLD)

Glechoma hederaceae. See Ground Ivy for treatment of cellulite

Glucagon, 48
Glucose transporters on membrane surface, 50
Glycemic index (GI), 52

and glycemic load in foods, 54
Glycosaminoglycans and cellulite, 25-26
Golden Peel®

application technique, 69-70

complications, 70

decrease in adipose tissue after, 72

gluteal lift effect, 71

materials and methods, 70

principle and mode of action, 69

results for, 70-71

skin tightening effect of, 71

ultrasonographic changes before and after, 72
Grapefruit seed extract, 87
Green tea extract, 87
Ground Ivy for treatment of cellulite, 64
Gynoid lipodystrophy (GLD), 13
Gynoid obesity, 46
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Hamamelis Virginiana exctract, anti-inflammation and protective action, 55

Hard leg edema, 9

Harpenden plicometer, 45

HDL. See High Density Lipoproteins (HDL)

Hedera helix. See Common Ivy for treatment of cellulite

Hepatic steatosis, 49

Hexsel, Dal’'Forno & Hexsel Cellulite Severity Scale (CSS)
data analysis, 15
morphological aspect of cellulite and grades, 15

High density lipoproteins (HDL), 49

Hyaluronic acid, 88

Hydrolipodystrophy, 13

Hydrophilic drugs, 63

Hyperglycemia, 48

Hyperinsulinemia, 4849

Hyperlipoproteinmia, 48

Hyperthyroidism, 43

Hypertriglyceridemia, 44

Hypothyroidism, 43

ICH. See International Conference on Harmonisation (ICH)
Indian/Horse Chestnut for treatment of cellulite, 64
Indirect techniques for measurement of adipose cells, 44
Broca formula, 45
Lorenz formula, 45
obesity
android, 46
gynoid, 46
intermediate, 46
plicometry, 45-46
WHR and, 46
Infrared thermography
image acquisition and analysis, 200
Injection lipolysis
clinical examples, 84
contraindications for, 81
dosages and techniques, 82
formula for fat pad dissolution, 83
for infraorbital fat pads, 84
injection making, 83
injection pattern, 75, 83-84
lidocaine addition, 83
local side effects, 81
pre-treatment considerations, 82
procedure for injecting, 83
review on, 74
systemic side effects, 82
Insulin
diet and physical exercise, 50
and glucagon, balance between, 48
inactive proinsulin form, 48
and inflammation, 50
receptor, 49
resistance
diabetes development, 49
and diseases, 50
fibrinolysis and coagulation, 49
genetic defects and environmental factors, 48
and reduction of glycogen synthesis, 49
sensitive isoform, 49
synthesis of triglycerides and, 48
Intermediate obesity, 46
International Conference on Harmonisation (ICH), 191



Interstitial edema, 8
Interstitial matrix

biochemical and molecular systems, 9
Intra-adipocyte lypase, metabolic activators, 56
Ionic pump

ionic concentrations

in intra- and extracellular environments, 9—10

Tontophoresis, 86
Isoproterenol for treatment of cellulite, 65

Keymodule 2i®, 91

Laser-assisted lipolysis, 34
LDL. See Low density lipoproteins (LDL)
LED. See Light emitting diode (LED)
Leukotrienes, 57
Light emitting diode (LED), 120
LILT. See Low Intensity Light Therapy (LILT)
Linoleic acid, 56
Lipedema, 8
subcutaneous fat accumulation, 9
Lipids, 47-48
Lipoatrophy with depressed lesion, 38
Lipodystrophies, 39
Lipoedema, 43
Lipografting, 181
Lipolymphedema, 8-9
of ankle, 43
Lipomatosis, 43
from cellulite, 20
Lipoplasty, 181
statistics
international union of, 189
local tumescent anesthesia, 189
steps for, 184-186
Liposculpture
aggressive complication in, 184
aseptic conditions and local tumescent anesthesia, 186
Fournier and syringe, use, 181
historical background
development of, 180
VASER pulsed ultrasound, 180, 183
laserlypolisis technique use
indications, 187
Nd: YAG and diode laser, differences between, 186
secondary liposuction, 187—188
patient selection, 181-182
prescriptions
aspirin and ibuprofen, 184
broad-spectrum antibiotics, 184
pre-surgical visit, 182-184
reversible and irreversible cell damage, 189
star with marking, 185
with syringe and blunt cannula, star, 187-188
US 2 Mhz magnetotherapy, 189
Liposuction
depressed lesions of, 38
historical background
UAL, 180-181
VASER pulsed ultrasound, 180
lipolytic agents, 35
lymphography in inner knee, 183
rules for, 188
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safety facts
lidocaine dosage, 188
numbers of areas treated, 188
surgical procedure, duration, 188
volume of supranatant fat removed, 188
use of
Nd: YAG laser, 34
ultrasound as adjuvant, 35
Localised adiposity (AL), 43
Localized fat
diagnosis and differential diagnosis, 34
treatment
liposuction, 34
Localized scleroderma with depressed lesions, 39
Local tumescent anesthesia, 189
Long-pulsed Nd:YAG laser for stretch marks, 37
Lorenz formula, 45
Low density lipoproteins (LDL), 49
Low Intensity Light Therapy (LILT)
He-Ne and GaAs laser radiation with
clinical study, 127
device, 127
MRI images, 130
patient before and one month after eight treatments, 129
primary, secondary and tertiary effects, 128
results, 128
study design, 129-130
subjects for, 127
therapeutic effect of, 128
treatment sessions, 127—-128
Low-level LED energy therapy, 120
active gel treatment, 124
biopsy from, 123

controlled biochemical, histological-ultrastructural and in vitro/

clinical studies, 122-123

dosimetry
internal and external, 121
LED source, 121
non-coherent LED light, 121
optimal wavelength and physics, 121
photobiomodulation effects, 121
placebo treatments, 123
red and infrared treatment, 122
treatment gels, 121
Lymph edema, 43

clinical sign of, 8

Macro photography, requirement
cameras, 195
light source, 195
different visual aspect, 196
photographer, 195
subject, 195
with gluteus contracted and relaxed, 196
Marapuama for treatment of cellulite, 64
Mathematical diffusion models, 121
Meliaceae. See Catuba for treatment of cellulite
Melilotus, 87

Melilotus officinalis. See Sweet Clover for treatment of cellulite

Mesotherapy, 34, 76-77
Metalloproteases (MMP)
secretion and cellulite, 25
Methylxanthines for treatment of cellulite, 64
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Microdermabrasion
and dermoelectroporation, instrument, 146
first phase using corundum crystals, 147
for stretch marks, 37
Micropolycystic ovary syndrome, 43
Microvascular-tissue unit, clinical relevance, 8
Mucinosis, subcutaneous cell tissue in, 153

NASH. See Non-alcoholic steatohepatitis (NASH)
Nd: YAG laser treatment
development of image processing tools, 142
follow-up procedure, 137
in liposuction use, 34
materials and methods, 136137
precision measurements
dermal echogenic density, 140-141
dermal thickness, 140-141
results for, 137-138
screening and measurements, 137
statistical analysis, 137
target of, 141
therapeutic outline and results, 137
ultrasound examination
image acquisition and processing, 137
qualitative and quantitative aspects, 138—139
NEAA. See Nonessential amino acids (NEAA)
Neo-glucogenesis, 49
Nodular liposclerosis, 13
Nokor® needle, 176
Non-ablative diode laser for stretch marks, 37
Non-alcoholic steatohepatitis (NASH), 49
Nonessential amino acids (NEAA), 47
Nirnberger and Miiller Severity Scale, 126
Nutritional endocrinology, 43
Nutritional therapy, 43
food hormones
glucagon, 48
insulin, 48—49

Obesity
exacerbation of cellulite, 17
increase in adipose tissue, 17
Olacaceae. See Marapuama for treatment of cellulite
Omega-3 fatty acid
as anti-inflammatory, 58
biological role of, 56
cytokines production and, 58
effects of diet poor in, 57
functional activity and cardiovascular system, 56
integration, 57
optimum intake, AA/EPA ratio and, 58
supplementation during weight loss, 58
synthesis, 56
Omega-6 fatty acid, 56
synthesis, 57

Overweight/obese patients and metabolism of sugars and fats, 49-50

PAF. See Platelet activating factor (PAF)

Panniculopatia edematofibrosclerotica (PEFS)
histomorphologically defined, 8

Papaya
extracts, anti-inflammation and anti-edemigen activity, 55
for treatment of cellulite, 64
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PC/DC injection, 75-78
clinical safety of, 79-80
Periorbital rhytids, clinical assessment of improvement, 121
Pharmacy-nutrition, 43
Phenol peel, 71
Phentolamine for treatment of cellulite, 65
Phlebedema, 43
Phlebolymphedema, 9, 43
Phosphatidylcholine (PC), 74
structure of, 75
Phosphatidylcholine (PPDC)
lipolytic agents, 35
Phospholipid extracted from soy lecithin
lipolytic agents, 35
Photobiomodulation effects, 121
Photomology®, 127
Physical promoters, 63
Pigmentation dermatological diseases, 43
Pinch test, 16-17, 122
skin surface, septa pulling, 19
for thighs, 196-197
using aial device, 18
Pineapple
extracts, anti-inflammation and anti-edemigen activity, 55
for treatment of cellulite, 64
Piperoxan for treatment of cellulite, 65
Platelet activating factor (PAF), 53
PLC. See Propionyl-L-carnitine (PLC)
Plicometry, 45-46
Polyunsaturated fatty acid pathway, 57
Postinflammatory hyperpigmentation, 37
PPDC. See Phosphatidylcholine (PPDC)
Procaine, 87
Propionyl-L-carnitine (PLC), 58
G Protein coupled receptor representation, 11
Proteins in diet, 4647
Ptosis, 38
Pulsed dye laser for stretch marks, 37

Quality of life (QoL)
CeluQoL® questionnaire, 3
dermatological diseases and cosmetic problems, 1
medical treatments and, 1
questionnaires for, 1

Radioisotope lymphography, 87
Red grapes for treatment of cellulite, 64
Regen™ system, 160, 164
Relaxed skin tension lines on body scheme, 16
Research protocol for cellulite
clinical trial responsibilities
coordinator and staff, 192
co-investigator, 192
main/principal investigator, 192
sponsor, 191-192
ethical aspects
Ethics Committee (EC), 191
history of
ICH, 191
study protocols in cellulite, 192
clinical and cosmetic evaluation, 193
exclusion criteria, 193
inclusion criteria, 193



methods evaluated, 193-194
photographic images, 193
study protocol structure
clinical trial staff, 192
Resorcin and resorcinol, 69
Retinol (vitamin A) and retinoids, treatment of cellulite, 65
Rittes technique, 84
Ruscus aculeatus. See Butcher’s Broom
Rutina, 87

SAC. See Siloxanetriol (SAC) for treatment of cellulite
Sand abrasion with trichloracetic acid for stretch marks, 37
Scalar VL-7EX video microscope, 154
Sclerotic-fibrous-edematous paniculopathy, 13
SDC. See Sodium deoxycholate (SDC)
Secondary cellulite, 18
Sensorial impulse, 11
Short pulsed CO, laser for stretch marks, 37
Silicum for treatment of cellulite, 64
Siloxanetriol (SAC) for treatment of cellulite, 65
Skin enhancers, 63
Skin flaccidity
apron-like appearance, 33
diagnosis and differential diagnosis
appearance of excess of skin, 33
collagen and elastic fiber diseases, 33
intrinsic aging and, 33
treatment of
carboxytherapy, 34
face lift/body dermolipectomy, 33
mesotherapy, 34
poly-L-lactic acid use, 34
skin tightening procedures, 33
surgical procedures, 33
Slow Reacting Substance of Anaphylaxis (SRSA), 57
SmoothShapes®
mechanisms of action, 131-132
Sodium deoxycholate (SDC), 87
lipolytic agents, 35
SRSA. See Slow Reacting Substance of Anaphylaxis (SRSA)
Steroid therapy, 35-36
Stretch marks
development, factors affecting, 35
diagnosis and differential diagnosis
histopathological findings, 36
in pregnant women, 36
red-to-violaceous elevated lines, 36
striae alba, 36
maintenance treatment, 37
physiologic states and, 35
risk factors, 35
treatments
before and after serial superficial dermabrasion, 37
alpha tocopherol, 36-37
ascorbic-acid/glycolic acid, 36
bipolar RF device, 37
Centella asiatica extract, 3637
collagen-elastin hydrolysates, 37
erbium-doped fiber laser, 37
excimer laser with, 37
long-pulsed Nd:YAG laser, 37
microdermabrasion, 37
non-ablative diode laser, 37
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pulsed dye laser with, 37
sand abrasion with trichloracetic acid, 37
short pulsed CO, laser with, 37
Subcision®, 37
tretinoin cream, 36
tretinoin/glycolic acid, 36
UVB/UVAL therapy irradiation, 37
water/oil massage cream, 36
use of CDT, 156
Striae alba, 36
Striae rubra
on buttocks in female patient, 36
Study protocols in cellulite, 192
clinical and cosmetic evaluation
patient physical examination, 193
exclusion criteria, 193
inclusion criteria
BMI, 193
methods evaluated
anti-cellulite treatments, studies, 193—194
BMI and CSS, 194
photographic images
digital camera with zoom use, 193
Subcision® technique
complications
alterations to consistency of skin, 177
associated procedures, 178
color of skin, 177
ecchymosis, 177
erythema, edema and local discomfort, 177
excessive response, 177
false excess response, 177-178
hematomas, 177
hemosiderosis, 177
infection, 177
keloid scars, 177
organized hematomas/seromas, 177
sub-optimal response, 177
contraindications for, 174
for cosmetic liposuction sequelae, 39
indications and action mechanisms, 174
pre-operative consultation, 174
for stretch marks, 37
surgical technique
antisepsis, 175
compression, 176
dressings, 176
infiltrated local anesthesia, 175-176
post-operative instructions, 176-177
skin marking, 174-175
subcutaneous septa, cutting of, 175
for treatment of high degree cellulite, 174
Subcutaneous adipose tissue as endocrine organ, 44
Subcutaneous adipose tissue localization, 8
Sweet clover for treatment of cellulite, 64

TEC element. See Thermoelectric cooling (TEC) element
Testosterone levels and cellulite, 44
ThermaCool®, 117
Thermoelectric cooling (TEC) element, 168—169
Thermography
contact thermography
encapsulated liquid crystals (ELC) plates, 199
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image acquisition, 199-200
image analysis, 200
Three-dimensional skin surface images, 197
image acquisition
laser scanning techniques, 198
stereophotographic techniques, 198
structured light projection techniques, 198
image analysis, 198—-199
Topical therapy for cellulite
adverse events, 66
agents
increase microvascular flow, 63—64
prevent or destroy free-radical formation, 65
reduce lipogenesis and promote lipolysis, 64—65
restore normal structure of dermal and subcutaneous tissue, 65
anti-cellulite preparations, 63
chemical promoters, 63
combination agents, 65-66
external aids, 66
physical promoters, 63
skin enhancers, 63
Touch-up liposuction, 39
Transdermal drug administration
advantages, 86
Transderm Ionto®, 145
bi-monthly/monthly sessions, 147
instrument, 146
methodology, 146
possibility of use, 146-147
skin smoothing, 147
Tretinoin cream, 36
Tri-Active system
analysis of results, 106
body protocol, 100
change grade, 106
clinical study, 101-102
comparative study with VelaSmooth, 106
contra-indications, 99
final phase, 100
incidence of bruising, 106—-107
initial clinical studies, 99
lifting and firming effect of buttocks, 103
mechanism of action, 99
parameters of, 99
pictures during intensive phase of treatment, 102—-105
screen, 100
sites for toning, 100
skin surface, 103
thermography results, 106
treatment head with
diode lasers, cryotherapy probe and mechanical
stimulation, 100
treatment protocol, 99
1,3,7-Trimethylxanthine, 87
TriPollar™ radiofrequency
before and after treatment
arm skin, 162
body contouring, 163
buttock, 162
striae rubra, 163
applicator, 159
contraindications, 159
electrode configuration, 159
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endpoint of treatment, 165
evaluation of lipolytic effect with, 160
histological examination, 160
adipocytes in subcutaneous layer after, 161
indications, 159
initial studies, 162
mechanisms of action, 158
multiple-electrode configuration, 158
side effects, 165
bruise and primary degree burn, 166
submental and neck skin, 161
system overview, 160
tolerability, 165
treatment
regimen, 162
technique, 160
ultrasound measurement, 165
UVA-light video camera use in, 166
“T” Test, 69
Type 2 diabetes, 48

Ultrasound images
analysis after
closing of holes, 144
dilation, 143
median filtering, 143
split and merge algorithms, 144
thresholdings, 143
comparison between original and final images, 144
cross difference operator, 144
United States
Lipostabil use, 80
United States Department of Agriculture (USDA)
USDA food pyramid, 51-52
UVB/UVALI therapy irradiation, 37

Vascular atherosclerotic disease and insulin-resistance, 48
Vascular insufficiency, 25
VASER pulsed ultrasound, 180
grooved probes, 183
VCP. See Videocapillaroscopy (VCP)
VelaShape treatment, 108
device for, 112
principles of operation, 113114
woman before and after 6 treatments, 113
VelaSmooth treatment, 106—107
cellulite appearance and skin smoothing, 110
comparative study with Tri-Active device, 112
design of, 108
efficacy and safety, 110-111
fat cells, after treatment, 112
handpiece, 109
mechanism of action, 108
patients for, 108—-109
treatment protocol, 109-110
woman before and after three treatments, 109
Venous edema, 8
Very low density lipoproteins (VLDL), 49
Videocapillaroscopy (VCP), 153
capillary analysis
static and dynamic images, 154
observation, 154
Vilain syndromes, 43



Vitamin E for treatment of cellulite, 65
Vitis vinifera. See Red grapes for treatment of cellulite
VLDL. See Very low density lipoproteins (VLDL)

Waist-hip ratio (WHR), 46
Weber-Christian syndromes, 43
Whipple syndromes, 43
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X-Syndrome, 8-9
and risk for ischemic heart disease, 48
Xylitol, 87

Yohimbine, 87
for treatment of cellulite, 65

Zeltiq prototype cooling device, 172
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