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Abstract
Only a limited number of studies on cellulite have
been published in the international literature and
many of them reach somewhat antithetical conclusions. Consequently, it is not yet possible to reconcile the extreme differences of opinion which have
lingered on for years concerning the nature of this
disorder, as well as its origin and even the most
basic aspects of its histopathological classification. It
does not even have a recognized name: in fact, the
term ‘cellulitis’ is used in scientific English to indicate a spreading gangrenous infection of the subcutaneous cellular tissue. The other terms used from
time to time [panniculitis, lipodystrophy, edematofibrosclerotic panniculitis (EFP), liposclerosis, lipoedema, etc.] have quite different morphological and
pathogenetic connotations in general. Over the last
few decades, three major conflicting theories have
emerged in relation to the ethiopathogenesis of cellulite. These indicate, respectively, the following causes:
1. Oedema caused by excessive hydrophilia of the
intercellular matrix.
2. A homeostatic alteration on a regional microcirculatory level; this pathogenetic theory is summarized in a synthetic and self-explanatory
denomination: EFP.
3. A peculiar anatomical conformation of the subcutaneous tissue of women, different from male
morphology.
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These theories must all now be updated in the
light of recent advances on the sophisticated and
composite physiopathology of the adipose organ –
which acts not only as a control device which
regulates the systematic equilibrium of energy
and modulates the food intake and the metabolism of other tissue substrate through a multiple glandular secretion of hormones and
parahormones.
Résumé
Seulement un nombre limité d’études sur la cellulite a été publié dans la littérature internationale et beaucoup de ces articles arrivent à des
conclusions plutôt antithétiques. Par conséquent,
actuellement il est impossible de reconcilier les
opinions extrèmement différentes concernant la
nature de ce désordre, ainsi que son origine, de
même que les aspects les plus basilaires de sa
classification histopathologique. Le nom même
de cette affection n’est pas reconnu: en fait le
terme ‘‘ cellulite ’’est utilisé dans le language scientifique pour indiquer une inflammation du tissu cellulaire sous-cutané, d’origine infectieuse.
Les autres termes employés de temps an temps
tels que panniculopathie, lipodystrophie, panniculopathie
oedémato-fibroscléreuse,
liposclérose,
lipoedème etc. ont en general des connotations
morphologiques e pathogénétiques tout à fait
différentes. Au cours des dernières décennies, trois principales théories contradictoires ont
émergé pour ce qui concerne l’etiopathologie
dela cellulite. Chacune théorie indique respectivement les suivantes causes:
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1. Oedème causé par excessive hydrophilie de la
matrice intercellulaire.
2. Altération parcellaire de l’homeostase au niveau
microcirculatoire ; cette théorie pathogénétique
est résumée à l’intérieur de la synthétique et
explicite dénomination: panniculopathie oedémato-fibroscléreuse.
3. Particulière conformation anatomique du tissu
sous-cutané chez la femme, différente par rapport à l’homme.
Ces théories doivent toutes être mises à jour, à
la lumière des recents développements concernant
la sophistiquée et composée physiopathologie de
l’adipocyte, qui n’agit pas seulement comme entrepôt de stockage du matériel calorique en excès
mais aussi comme dispositif de régulation de
l’équilibre énergetique systémique, avec la capacitè
de moduler l’ingestion d’aliments et le métabolisme
d’autres substrats tissutaires. La révision de ces
théories doit être faite aussi sur la base des nouvelles acquisitions concernant la modalitè attravers
laquelle cet organe règle les multiples sécrétions
hormonales et parahormonales.
Introduction
Cellulite affects millions of women over the world.
All the media channels targeting the young female
population concentrate heavily on this problem and
its various remedies: numerous methods and procedures (surgical, pharmacological, phytotherapeutic,
homeopathic, electro-medical, cosmetological, physio-massotherapeutic, etc.) have all achieved a fleeting moment of triumph [1], before proving
ineffective. Of course, this does not prevent beauty
clinics and health farms from continuing to gain
astronomical sums of money based on their relentless pushing of improbable cures.
Given such a heartfelt problem, medical science
appears to have made incredibly mediocre progress
in resolving it: a search of Medline reveals that
international journals have published only a small
number of studies on the subject, all of which
reach rather antithetical conclusions. Even more
surprising is the disinterest displayed towards the
‘cellulite problem’ not only by University Institutes, but also by the research laboratories belonging to the major companies within the cosmetics
sector, which nonetheless provide a valuable contribution to our increasing knowledge in relation
to the physiopathy of the skin. Consequently, it is
not yet possible to reconcile the substantial differ-
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ences in opinion which for years have lingered on
the nature of this disorder, as well as on the origin
and even on the most basic elements of its histopathological aspects. It is still lacking a recognized
name: in fact, the term ‘cellulitis’ [2] is used in scientific English to indicate an altogether different
condition: a spreading gangrenous infection of the
subcutaneous cellular tissue. The definitions of
panniculitis [3] and lipodystrophy [4] include morbid forms which are clearly in a different category
to common cellulite. In short, the other terms used
from time to time [edematofibrosclerotic panniculitis (EFP), liposclerosis, lipoedema, etc.] have quite
different morphological and pathogenic connotations in general.
There are many possible reasons for the lack of
thorough investigation on the subject. On the one
hand, the huge amount of pseudo-scientific nonsense circulating in relation to cellulite makes the
subject less than attractive to any serious study
group. On the other hand, in Anglo-Saxon countries, where a large proportion of biomedical
research is carried out, a theory has prevailed that
does not consider cellulite worthy of nosological
study, considering it to be a ‘normal’ expression of
female peritrochanteric adiposity.
The first attempt to define cellulite and the origin of the term itself both date back to the French
doctors Alquier and Pavot who, in 1922, described
a dystrophy of the mesenchymal tissues, without
any phlogistic elements, which was characterized
by interstitial fluid retention. Alquier and Pavot
considered the disorder to be an elementary reaction of the connective tissue resulting from noxae
of various natures (traumatic, toxic, infective and
disendocrine).
Over the last few decades, three main contrasting
theories have emerged on the aethiopathogenesis of
cellulite, with mixed fortunes. These theories indicate,
respectively, the following causes of the problem:
1. oedema resulting from excessive hydrophilia of
the intercellular matrix;
2. a microcirculatory alteration;
3. a different anatomical conformation of the subcutaneous tissue in women compared to men.
These are discussed in greater detail below.
Excessive hydrophilia of the intercellular matrix
In 1964, Bassas-Grau and Bassas-Grau [5] described the phenomena of hyperpolymerization of
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acid mucopolysaccharides in the connective matrix
of the subcutaneous tissue of patients suffering
from cellulite. They attributed the cause to an
abnormal increase in tissue hydrophilia, provoking
a chronic oedema, resulting in fibrosclerosis.
Although not confirmed by other authors [6–8],
this observation exerted a lengthy influence over
therapeutic approaches, justifying the topical or
mesotherapeutic administration of hyaluronidase
and other agents known to have a lithic action on
proteoglycans.
More recently, Lotti et al. [9], using ruthenium
fixation techniques in electronic microscopy,
examined the dermis of the skin covering the areas
of adipose tissue affected by cellulite; there was a
marked increase in the presence of glucosaminoglycans, together with signs of fibroblast activation,
alterations in microvessel walls, as well as rarefaction of subepidermal collagen and elastic fibres.
According to the authors’ theory, repeated in a
more recent re-evaluation [10], the histochemical
scenario indicates an anomalous connective
response which, through the retention of liquids in
the interstitial matrix, can result in new collagen
deposition in the subcutaneous tissue.
Microcirculatory alteration
The most popular theory, at least in Europe,
explains cellulite as the consequence of a primitive
dysfunction of the tissue microcirculation. Indeed
European researchers have mainly contributed
substantially towards the development of this
theory.
Binazzi [11] set a milestone in the interpretation
of the histopathological aspects of cellulite thanks
to a series of observations which enabled him to
develop a pathogenetic theory which is still
adhered to today, and to summarize it with a synthetic and self-explanatory term: EFP [12].
According to Binazzi, the initial stage is often
associated with adiposity and is clinically characterized by irregularity of the cutaneous surface on
the buttocks, thighs, abdomen and shoulders, the
so-called ‘mattress’ effect. Histological examination
reveals only an extreme variability in the size and
form of the adipocytes (anisopoichilocytosis),
together with oedema of the dermis, dilation of the
lymphatic vessels and patches of follicular hyperkeratosis (orange peel skin).
The subsequent stage is distinguished by the
presence of nodular lesions on palpation, which

are mobile and painful, varying in diameter
between 1 and 5–6 mm; histological sections indicate a profound subversion of the subcutaneous tissue, with connective bands encircling adipose
lobules, creating nodular formations, which
become sclerotic; there are also haemorrhagic or
thrombotic vessel alterations. Several authors
linked these regressive processes in a pathogenetic
interpretation which identifies the primum movens
in the compromission of the delicate homeostasis
at a microcirculatory level [13–18].
Curri takes the cue for his observations from a
thorough anatomical–physiological study of the terminal branches of the circulatory system: the functional base element is the microvascular-tissue unit
[19], formed by the regional distal vessels (afferent
arteriole, metarteriole, precapillary sphinters, arteriovenous anastomosis, capillary network, efferent
venules and initial lymphatics) and by the perivascular connective matrix. The latter, provides
mechanical support to the delicate capillary wall
(mucopolysaccharide sleeve [20]), and also acts as a
dynamic filter in the metabolic exchanges between
the blood and the parenchyma [21].
The motor of the haematic microcirculatory current is known as vasomotion, the rhythmic contracting action of the arteriolar myocells [22],
with a frequency varying between three and
20 cycles per minute, in relation to local conditions (interstitial pressure, PO2, etc.). The vasomotion determines, on a capillary level, the
undulatory variations of the flow (flowmotion)
[23].
Recent advances have clarified that endothelium
is key to the microcirculatory homeostasis. Endothelium does not just perform a purely mechanical role
function of endoluminal coating; it also modulates
blood–tissue exchanges and, through a complex
biosynthesis action resembling a diffuse glandular
function, manages the equilibrium between many
phenomena (pro and anti-coagulant, fibrinolitic
and anti-fibrinolitic, vasodilatory and vasoconstrictive) in order to regulate, in real time, the local
functionality of the microcirculation according to
the changeable demands of the cells [24].
Curri and Merlen [25] clarified the morphological peculiarities of the microvascular-tissue unit of
the subcutaneous tissue, which is characterized
by:
• capillary network with very close together
branches, in near proximity to adipocytes and
reducing the ‘diffusion space’ to the minimum;
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• absence of arterio-venous anastomosis: it leads

to the deduction that the continuity of apidocyte
perfusion is a condition which cannot be sacrificed;
• branches connecting the arteries and veins of
adipose tissue to the vascular plexus of the dermis and muscular tissue: these form cylindrical
units, arranged perpendicularly to the surface of
the skin and reaching from the latter to the
hypodermis [26]. This justifies the fact that the
microcirculatory deficits of panniculopathy are
often associated with alterations in the blood
flow extending to the skin and regional musculature, where they cause both clinical (hyperkeratosis,
cramping
pains)
[27]
and
instrumental effects [28, 29].
The presence of oestrogen receptors in the
endothelial cells and smooth muscle [30] explains
the functional differences of the female microcirculation [31, 32], especially in relation to vascular
tone [33] and permeability [34].
On the basis of these suppositions, together with
a thorough analysis of histological and clinical–
instrumental data, Curri constructed his theory on
the genesis of EFP.
The causal factor is identified as a chronic
microcirculatory maldistribution, which is in turn
due to a primitive defect of the arterial device
modulating the blood flow or to an inadequacy of
vasomotion. The consequences of this condition,
which can be classified within the sphere of hypo-

Clinical
classification

Stage I
Pale, pasty skin
Stage II
Cutaneous hyperelasticity and
hyperthermia, paresthesia
Stage III
Orange peel skin (patches of
hyperkeratosis), palpable
small lumps
Stage IV
Painful nodules
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tonic phlebopathy (the preclincal stage of venous
insufficiency), are as follows:
• slowdown of blood circulation;
• erythrocytic sludge phenomena;
• compromission of the hydrostatic capillary equilibrium;
• reduced parietal and tissue oxidation;
• endothelial damage (endothelial swelling, microanneurisms, microhaemorrhaging);
• abnormal capillary-venular permeability;
• increase in the hydrostatic pressure of the interstitial liquid and in its protein content [35];
• recurring episodes of inter-adipocyte oedema.
The damage caused to the adipocytes manifests
itself initially with an anisopoichilocytosis, followed
by ruptures of the plasmatic membrane and leakage of lipidic material. The fine interweaving of
delicate fibrils which serve as the framework for
the adipose lobule, enveloping each individual cell
(we now know that each adipocyte is coated with
a basement membrane [36]), thickens due to hypoxia and the consequent oxidative stress [37].
Bands of young connective tissue form, creating
the lobule by encircling clusters of degenerate adipose cells [38, 39]. Subsequently, the micronodules formed in this way tend to merge due to the
further apposition of collagen material which
becomes sclerotic, leading to the production of palpable macro nodules, which cause the irregularity
of the skin’s surface.
Curri identifies four stages to this process [40]:

Pathogenesis

Histology and
histochemistry

Microcirculatory maldistribution,
defective vasomotion

Lipoedema, anisopoichilocytosis,
membrane ropture

Stasis, sludge, microvessal ectasia,
abnormal hypovoloemia,
and zonal hypoxia

Regressive adipocyte manifestations,
massive microvessal dilatation, fibrillopoiesis

Reduction in capillary flow, increase
in the areas of relative hypoxia

Neoflibrillogenesis, degenerate adipocytes
encapsulated in micronodules

Stasis, hypovoloemia, teleangectasia
and microvaricosity

Sclerotic connecting collagen bundles
surrounding macronodules. Local dystrophic
phenomena of the dermis and the epidermis
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Bartoletti et al. have provided significant contributions to the definition of cellulitic dystrophy.
The first contribution was of a nosological nature.
Curri, attributing to the pannicular perfusion deficit the capacity to increase the lipidic deposit [41],
associated the pathogenesis of EFP with that of
regional subcutaneous tissue thickening. Bartoletti
made a more clear-cut distinction between panniculopathy and localized peritrochanteric adiposity
in females, and reclassified the latter within the
sphere of morphological and physiological normality, albeit without negating the possibility of intermediary forms [42].
In fact, the presence of oestrogen receptors on
adipocytes [43, 44] explains the typical female fat
distribution, which is a consequence of the modulation exerted by these hormones on the lipase
[45, 46] and lipoprotein-lipase [47, 48] activities.
Furthermore, Bartoletti et al. [49, 50] completely
re-examined the semiological and clinical classification, codified the diagnostic procedure[51] (identifying as the salient points, the general
examination, the phlebological study, the postural
evaluation and the ecographic investigation
[52–55]) and developed the most followed therapeutic protocols at the present time [56, 57].
Anatomical peculiarities of female subcutaneous tissue
Numerous authors, such as Cambar et al. [58],
Braun-Falco and Scherwitz [6], Ribuffo et al. [59]
and Calvieri et al. [60], have denied that, in areas
where the clinical aspects of cellulite appear, it is
possible to discern, with an optical and electronic
microscope, histological modifications different to
those commonly observed in the zones of macroscopically ‘normal’ adipose tissue accumulation.
These observations lead to the widely held conception, especially in Anglo-Saxon countries that
views cellulite as a simple manifestation of lipidic
accumulation [61]. This provides a stark contrast
to the microangiopathic theory.
Clearly, the existence of differing opinions within
the realms of science is not unusual. However, the
fact that this controversy is based on the expression of profoundly different histopathological
assumptions produces a certain amount of perplexity: it seems surprising the persisting of such wide
margins of disagreement on the definition of morphological aspects in structures which are easily

accessible by means of bioptic examination. If cellulite is simply the expression of a localized excess
of adipose tissue, then why is the appearance of
this unsightly problem limited almost exclusively
to the female gender, and only to certain areas of
the body?
Two German doctors, Nürnberger and Müller
[62], referring to the results of histological examinations carried out on a wide range of cases (150
samples from corpses and 30 from live subjects),
deny having encountered any phenomena of
oedema or of fibrosis. In fact, they attribute the
manifestation of cutaneous irregularity in typical
female areas to the combination of two causal
factors:
• excessive lipidic deposit (there is no cellulite
without adiposity);
• the peculiar architecture which, in women,
characterizes the subcutaneous tissue in these
areas, where fibrous branches perpendicular the
skin’s surface separate voluminous lobules in
rectangular sections; their peaks press against
dermis and push outwards, in the form of ‘adipose lobes’.
The dermo-hypodermic border is therefore characterized, in ‘cellulitic areas’, by a ‘hill’ profile
which, in the case of perfect normality, can be
proved with the ‘pinch test’. This action, which
places in traction the non-stretchable connective
tissue bands, highlights surface undulations even in
very slim subjects. Women who develop a thickening of the subcutaneous panniculus in the areas
typical of gynoid adiposity have enlarged lobules.
These are held back along the sides by the bands,
however, at the centre they stretch out into the dermis, with hypertrophic adipose lobes, thus creating
an unattractive alternation of bumps and troughs
which are first evident only when standing upright,
but are subsequently also visible when lying down.
On the other hand, in male subcutaneous tissue,
the bands take a different course, crisscrossing and
thus forming smaller polygon-shaped lobules
which, even in cases of lipidic hyper-accumulation,
do not tend to protrude towards the dermis. In
hypogonadic males, the adipose tissue assumes a
feminine morphology, demonstrating androgen
activity is the causal factor of any gender-related
differences. Numerous reviews on the subject of
cellulite have confirmed the opinions expressed by
Nürnberger and Müller [62].
Amongst these, Marenus theorized that the projection of the adipose lobes towards the dermis is
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brought about by the degeneration of the collagen
component of the latter, resulting from the action
of certain proteases [65].
Rosenbaum et al. [66] also noted an individual
variability in addition to gender-related differences;
the subcutaneous tissue in women with cellulite is
characterized by a more irregular and broken subdermal layer, which is the factor enabling the adipose lobes to protrude.
Querleux et al. [67] employed, in over 70 subjects, magnetic nuclear resonance (MNR), using
both imaging and spectroscopy techniques. The
former recorded the indented profile which the adipose lobes make on the dermo-epidermic border,
and confirmed the different orientation of the connective bands in males compared with females
(although the difference did not appear to be as
extreme as that indicated by Nürnberger and
Müller). According to the authors, the MNR
spectrometry data ruled out the possibility of an
inter-adipocytary oedema occurring in cellulite.
An even more recent study, using magnetic nuclear resonance imaging (MRI) to examine the morphology of subcutaneous adipose tissue, has
provided further evidence of the structural differences relating to gender [68]. It proved once again
the pathogenetic significance of the ‘herniation’ of
adipose lobes in the reticular dermis in female subjects suffering from cellulite. Furthermore, it
brought to light two interesting pieces of data: the
first relates to the absence of a direct correlation
between the body mass index (BMI) and the
appearance of irregularities of the cutaneous surface: amongst the women whose BMI is over 30,
it is possible to distinguish women with no signs
of cellulite and subjects who are more or less
severely affected by this dysmorphism. This demonstrates that other factors, in addition to localized
excess adipose tissue, play a part in the dislocation
of adipose hernias. The second piece of data relates
to the fibrous component of the subcutaneous tissue affected by cellulite: the MRI showed that its
overall size did not increase but, on the contrary,
appeared to have reduced substantially in comparison with the controls. The authors therefore identify one of the pathogenic elements of cellulite as a
constitutional thinness and laxity in the fibrous
interlobular bands [68]. Further confirmation of
this theory is provided by a recent study in which
the visco-elastic properties of skin affected by cellulite were compared with those of unaffected skin
[69].
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In short, on the basis of the study of 39 postmortem samples, Pierard et al. [70], although confirming the presence of adipose lobes in the female
sex, concluded that these formations were too
small to be capable of producing the coarse combination of convexity and depression typical of cellulite. However, this case would be due to the
progress of the adiposity, which cause a stretching
of the interlobular branches; some of these would
undergo to retraction phenomena (due to reactive
thickening and to the appearance of myofibroblasts), whilst others would suffer partial lacerations, similar to stretch marks, causing irregular
protrusions of adipose lobules. This observation led
the authors to try a therapeutic approach with retinol, although this produced only a modestly beneficial result [71].
Cellulite: new developments and new
questions
Clearly, the debate surrounding the topic of
cellulite remains unresolved, confined by the
limited number of studies and the lack of
resources devoted to addressing the subject.
Moreover, the impasse which still exists due to
the lack of solutions to relatively basic questions
runs the risk of being overtaken by the advances
of by other branches of medicine in relation to
the comprehension of the physiology of the adipose tissue and endothelium, the two key cellular elements associated with the development of
cellulite.
In particular, new developments are bringing to
light a limitation which is shared by the two main
theories on the origin of cellulite. According to the
ideas of Curri as well as those of Nürnberger and
Müller, adipose tissue, the area of distortion, does
not play a significant role in the onset of cellulite:
it participates only with a purely physical function,
producing mechanical tension through its hypertrophy. Such claims carry traces of an idea which
is now outmoded, which sees within the adipose
tissue a cellular element with limited capacities,
used only for the storage of excess calorific substrates. Given the illogical aspect of attributing
extensive pathogenetic ‘responsibilities’ to such an
apparently banal cytotype, the causal factors of
cellulite were sought elsewhere.
Today we know that the adipose organ performs
sophisticated and composite functions[72], acting
as a:
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• device controlling the systemic energy balance,

able to modulate the food intake and the metabolism of the substrata of other tissues;
• glandular system for multiple hormonal and
para-hormonal secretions[73–76], not only capable of carrying out the bio-conversion of circulating steroid hormones, but also able to
synthesize de novo regulation elements of a proteic nature (adipokine).
The following substances released by the adipose
tissue are known to have an endocrine and/or
paracrine actions:
• leptin [77, 78];
• adiponectine [79, 80];
• resistin [81, 82];
• interleukin-6 [83];
• tumour necrosis factor (TNF)-a [84–87] and soluble receptors for TNF-a [88];
• fasting-induced adipose factor [89];
• acylation-stimulating protein [90];
• adipsin [90];
• prostaglandin [91, 92];
• lipoprotein lipase [93];
• angiotensinogen and angiotensin II [94];
• FGF (fibroblast growth factor) [95];
• transforming growth factor-beta [96];
• plasminogen activator inhibitor-1 [97];
• vascular endothelial growth factor [98, 99].
The apparent significance assumed by excess
adipose tissue, especially the visceral type, in the
pathogenesis of insulin resistance and diabetes
[100, 101], similarly to that of atherosclerosis
[102] and cardiovascular diseases in general
[103], explains the huge amount of studies devoted in recent years to the biology of adipose tissue.
Amongst other observations, one factor which has
been highlighted is the significant plasticity of the
adipose tissue, due to the presence of undifferentiated mesenchymal elements which are capable,
when necessary, of converting themselves into adipocytes [104, 105]. Apoptosis phenomena counteract the neoadipogenesis; these can reduce the
number of adipocytes in a certain area [106–108].
The extraordinary capabilities of the adipose tissue
which are recognized nowadays cannot fail to
have repercussions concerning the physiopathology of cellulite. For example, the theory suggesting
that the subcutaneous tissue passively suffers the
consequences of a microcirculatory dysfunction
must, in all probability, be reviewed in light of
new developments which identify, between the
vessel and adipocyte components, an interweaving

of far more dynamic connections, with a bidirectional course [109, 110]. In fact, we know that
adipose tissue is able to modulate, directly or indirectly, the blood flow which passes through it in
accordance with the demands exerted on it [111].
Furthermore, the adipocytes secrete neoangiogenetic elements [112] and numerous other substances with the ability to regulate the activity of
the endothelial cells [98, 99].
The most recent studies inform us that, in obese
subjects, amongst the functional alterations
encountered by the adipocytes, as they become
hypertrophic, is an increase in the release of phlogogenic cytokines [113, 114]. This cause systemic
effects and at the same time induce, in the apparently ‘normal’ adipose tissue as a whole, a macrophagic infiltration proportional in size to the
average adipocytaric volume[115–117]. Therefore,
adiposity entails the activation, on a regional level,
of biochemical–cellular mechanisms of a phlogistic
nature. Paradoxically, these remain subclinical in
the area of production, whilst causing metabolic
repercussions from a distance, on the organism as a
whole, contributing to the development of insulin
resistance and cardiovascular diseases [118, 119].
At this point, it is not unreasonable to hypothesize that inflammatory processes (similar or different?) can also occur in dystrophic adipose
accumulations of cellulite, where they could play
quite a plausible role in its pathogenesis, rendering
them responsible, for example, for the endothelial
alterations and the oedema described by Curri. Cellulite could therefore prove worthy of its name,
rightfully winning back its distinguishing features
as a disorder originating primarily from inflammation. Unfortunately, no studies have been published
to date to prove or disprove this theory. Similarly,
on a more general level, no data are available to
clarify whether, and if so in what way, the recently
identified functional properties of the adipose tissue
are involved in the pathogenesis of this problem.
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Cellulite e Medicina Estetica’ (Bartoletti, C.A., e
Gualtierotti, A., eds), pp. 79–87. Salus Internaz Ed.,
Roma (1986).
Curri, S.B. Compendio di semeiotica clinica e strumentale della pannicolopatia. Edra Ed., Milano
(1993).
Ryan, T.J. and Curri, S.B. Hypertrophy and atrophy
of fat. Clin. Dermatol. 7, 93–106 (1989).
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céllulite. Etude clinique, enquete endocrino-métabolique, microscopie optique et electronique. Gaz.
Med. France 83, 2339–2348 (1976).
59. Ribuffo, A., Carlesimo, O.A. and Chimenti, S. Aspetti istologici ed istochimici della cellulite. In: Symp.
Internaz Mesenchimopatie e disangie dermoipodermiche’, Salsomaggiore Terme 22–24 (1977).
60. Calvieri, S., Zampetti, M., Romani, A. et al. Aspetti
ultrastrutturali. In: La Cellulite (Ribuffo, A., e Bartoletti, C.A., eds), pp. 29–36. Salus Internaz Ed.,
Roma (1983).
61. Scheinfeld, N.S. Obesity and dermatology. Clin. Dermatol. 22, 303–309 (2004).
62. Nürnberger, F. and Müller, G. So-called cellulite: an
invented disease. J. Dermatol. Surg. Oncol. 4, 221–
229 (1978).
63. Scherwitz, C. and Braun-Falco, O. So-called cellulite. J. Dermatol. Surg. Oncol. 4, 230–234 (1978).
64. Hexsel, D.M. Body repair: cellulite. In: Women’s
dermatology (Parish, L.C., Brenner, S., Ramos-eSilva, M., eds), pp. 586–595. Parthenon Publishing
Group, New York, NY (2001).

165

F. Terranova et al.

Cellulite: nature and aetiopathogenesis

65. Draelos, Z.D. and Marenus, K.D. Cellulite. Etiology
and purported treatment. Dermatol Surg. 23,
1177–1181 (1997).
66. Rosenbaum, M., Prieto, V., Hellmer, J. et al. An
exploratory investigation of the morphology and
biochemistry of cellulite. Plast. Reconstr. Surg. 101,
1934–1939 (1998).
67. Querleux, B., Cornillon, C., Jolivet, O. and Bittoun, J.
Anatomy and physiology of subcutaneous adipose
tissue by in vivo magnetic resonance imaging and
spectroscopy: relationships with sex and presence of
Cellulite. Skin Res. Technol., 8, 118–124 (2002).
68. Mirrashed, F., Sharp, J.C., Krause, V., Morgan, J.
and Tomanek, B. Pilot study of dermal and subcutaneous fat structures by MRI in individuals who
differ in gender, BMI, and cellulite grading. Skin
Res. Technol. 10, 161–168 (2004).
69. Dodke, M.K., Di Bernardo, B., Thompson, C. and
Usai, H. Assessment of biomechanical skin properties: is cellulitic skin different?. Aesthetic Surg. J. 22,
260–266 (2002).
70. Pierard, G.E., Nizet, J.L. and Pierard-Franchimont,
C. Cellulite: from standing fat herniation to hypodermal stretch marks. Am. J. Dermatopathol. 22,
34–37 (2000).
71. Pierard-Franchimont, C., Pierard, G.E., Henry, F.,
Vroome, V. and Cauwenbergh, G. A randomized,
placebo-controlled trial of topical retinol in the
treatment of cellulite. Am. J. Clin. Dermatol. 1,
369–374 (2000).
72. Frayn, K.N., Karpe, F., Fielding, B.A., Macdonald,
I.A. and Coppack, S.W. Integrative physiology of
human adipose tissue. Int. J. Obes. Relat. Metab.
Disord. 27, 875–888 (2003).
73. Havel, P.J. Update on adipocite hormones: regulation
of energy balance and carbohydrate/lipid metabolism. Diabetes 53(Suppl. 1), S143–S151 (2004).
74. Diamond, F. The endocrine function of adipose tissue. Growth Genet. Hormones 18 (2002).
75. Bays, H., Mandarino, L. and DeFronzo, R.A. Role of
the adipocyte, free fatty acids, and ectopic fat in
pathogenesis of type 2 diabetes mellitus: peroxisomal proliferator-activated receptor agonists provide a
rational therapeutic approach. J. Clin. Endocrinol.
Metab. 89, 463–478 (2004).
76. Trayhurn, P. and Beattie, J.H. Physiological role of
adipose tissue: white adipose tissue as an endocrine
and secretory organ. Proc. Nutr. Soc. 60, 329–339
(2001).
77. Van Dijk, G. The role of leptin in the regulation of
energy balance and adiposity. J. Neuroendocrinol.
13, 913–921 (2001).
78. Havel, P.J. Control of energy homeostasis and insulin action by adipocyte hormones: leptin, acylation
stimulating protein, and adiponectin. Curr. Opin.
Lipidol. 13, 51–59 (2002).

166

79. Haluzik, M., Parizkova, J. and Haluzik, M.M. Adiponectin and its role in the obesity-induced insulin
resistance and related complications. Physiol. Res.
53, 123–129 (2004).
80. Hoffstedt, J., Arvidsson, E., Sjolin, E., Wahlen, K.
and Arner, P. Adipose tissue adiponectin production and adiponectin serum concentration in
human obesity and insulin resistance. J. Clin. Endocrinol. Metab. 89, 1391–1396 (2004).
81. Steppan, C.M., Bailey, S.T., Bhat, S. et al. The hormone resistin links obesity to diabetes. Nature 409,
307–312 (2001).
82. Hotamisligil, G.S. The irresistible biology of resistin.
J. Clin. Invest. 111, 173–174 (2003).
83. Bastard, J.P., Maachi, M., Van Nhieu, J.T. et al.
Adipose tissue IL-6 content correlates with resistance to insulin activation of glucose uptake both in
vivo and in vitro. J. Clin. Endocrinol. Metab. 87,
2084–2089 (2002).
84. Hube, F. and Hauner, H. The role of TNF-alpha in
human adipose tissue: prevention of weight gain at
the expense of insulin resistance?. Horm. Metab.
Res. 31, 626–631 (1999).
85. Bullo, M., Garcia-Lorda, P., Peinado-Onsurbe, J.
et al. TNFalpha expression of subcutaneous adipose
tissue in obese and morbid obese females: relationship to adipocyte LPL activity and leptin synthesis.
Int. J. Obes. Relat. Metab. Disord. 26, 652–658
(2002).
86. Kern, P.A., Ranganathan, S., Li, C., Wood, L. and
Ranganathan, G. Adipose tissue tumor necrosis factor and interleukin-6 expression in human obesity
and insulin resistance. Am. J. Physiol. Endocrinol.
Metab. 280, E745–E751 (2001).
87. Grimble, R.F. Inflammatory status and insulin
resistance. Curr. Opin. Clin. Nutr. Metab. Care 5,
551–559 (2002).
88. Mohamed-Ali, V., Goodrick, S., Bulmer, K., Holly,
J.M., Yudkin, J.S. and Coppack, S.W. Production of
soluble tumor necrosis factor receptors by human
subcutaneous adipose tissue in vivo. Am. J. Physiol.
277(Pt 1), E971–E975 (1999).
89. Kersten, S., Mandard, S., Tan, N.S. et al. Characterization of the fasting-induced adipose factor FIAF, a
novel peroxisome proliferator-activated receptor target gene. J. Biol. Chem. 275, 28488–28493 (2000).
90. Maslowska, M., Vu, H., Phelis, S. et al. Plasma acylation stimulating protein, adipsin and lipids in
non-obese and obese populations. Eur. J. Clin.
Invest. 29, 679–686 (1999).
91. Fain, J.N., Kanu, A., Bahouth, S.W., Cowan, G.S.
Jr, Hiler, M.L. and Leffler, C.W. Comparison of
PGE2, prostacyclin and leptin release by human
adipocytes versus explants of adipose tissue in primary culture. Prostaglandins Leukot. Essent. Fatty
Acids 67, 467–473 (2002).

ª 2006 International Journal of Cosmetic Science, 28, 157–167

F. Terranova et al.

Cellulite: nature and aetiopathogenesis

92. Bell-Parikh, L.C., Ide, T., Lawson, J.A., McNamara,
P., Reilly, M. and FitzGerald, G.A. Biosynthesis of
15-deoxy-delta12,14-PGJ2 and the ligation of
PPARgamma. J. Clin. Invest. 112, 945–955 (2003).
93. Karpe, F., Olivecrona, T., Olivecrona, G. et al. Lipoprotein lipase transport in plasma: role of muscle
and adipose tissues in regulation of plasma lipoprotein lipase concentrations. J. Lipid Res. 39, 2387–
2393 (1998).
94. van Harmelen, V., Elizalde, M., Ariapart, P. et al.
The association of human adipose angiotensinogen
gene expression with abdominal fat distribution in
obesity. Int. J. Obes. Relat. Metab. Disord. 24, 673–
678 (2000).
95. Gabrielsson, B.G., Johansson, J.M., Jennische, E. et
al. Depot-specific expression of fibroblast growth
factors in human adipose tissue. Obes. Res. 10,
608–616 (2002).
96. Samad, F., Yamamoto, K., Pandey, M. and Loskutoff, D.J. Elevated expression of transforming
growth factor-beta in adipose tissue from obese
mice. Mol. Med. 3, 37–48 (1997).
97. Alessi, M.C., Peiretti, F., Morange, P., Henry, M.,
Nalbone, G. and Juhan-Vague, I. Production of
plasminogen activator inhibitor 1 by human adipose tissue: possible link between visceral fat accumulation and vascular disease. Diabetes 46, 860–
867 (1997).
98. Wang, X., McCormick, K. and Mick, G. Nutritional
regulation of white adipocyte vascular endothelial
growth factor (VEGF). Horm. Metab. Res. 35, 211–
216 (2003).
99. Mick, G.J., Wang, X. and McCormick, K. White adipocyte vascular endothelial growth factor: regulation by insulin. Endocrinology 143, 948–953 (2002).
100. McPherson, R. and Jones, P.H. Editorial review: the
metabolic syndrome and type 2 diabetes: role of the
adipocyte. Curr. Opin. Lipidol. 14, 549–553 (2003).
101. Wajchenberg, B.L. Subcutaneous and visceral adipose tissue: their relation to the metabolic syndrome. Endocr. Rev. 21, 697–738 (2000).
102. Thompson, C.J., Ryu, J.E., Craven, T.E., Kahl, F.R.
and Crouse J.R. III Central adipose distribution is
related to coronary atherosclerosis. Arterioscler.
Thromb. 11, 327–333 (1991).
103. Rajala, M.W. and Scherer, P.E. Minireview: the adipocyte – at the crossroads of energy homeostasis,
inflammation, and atherosclerosis. Endocrinology
144, 3765–3773 (2003).
104. Novakofski, J. Adipogenesis: usefulness of in vitro
and in vivo experimental models. J. Anim. Sci. 82,
905–915 (2004).
105. Gregoire, F.M., Smas, C.M. and Sul, H.S. Understanding adipocyte differentiation. Physiol. Rev. 78,
783–809 (1998).

106. Sorisky, A., Magun, R. and Gagnon, A.M. Adipose
cell apoptosis: death in the energy depot. Int. J.
Obes. Relat. Metab. Disord. 24 (Suppl 4), S3–S7
(2000).
107. Della-Fera, M.A., Qian, H. and Baile, C.A. Adipocyte apoptosis in the regulation of body fat mass by
leptin. Diabetes Obes. Metab. 3, 299–310 (2001).
108. Qian, H., Hausman, D.B., Compton, M.M. et al.
TNFalpha induces and insulin inhibits caspase 3dependent adipocyte apoptosis. Biochem. Biophys.
Res. Commun. 284, 1176–1183 (2001).
109. Crandall, D.L., Hausman, G.J. and Kral, J.G. A
review of the microcirculation of adipose tissue: anatomic, metabolic, and angiogenic perspectives.
Microcirculation 4, 211–232 (1997).
110. Rupnick, M.A., Panigrahy, D., Zhang, C.Y. et al.
Adipose tissue mass can be regulated through the
vasculature. Proc. Natl Acad. Sci. USA 99, 10730–
10735 (2002).
111. Summers, L.K., Callow, J., Samra, J.S., Macdonald,
I.A., Matthews, D.R. and Frayn, K.N. The effect
on adipose tissue blood flow of isoenergetic meals
containing different amounts and types of fat. Int. J.
Obes. Relat. Metab. Disord. 25, 1294–1299 (2001).
112. Cao, R., Brakenhielm, E., Wahlestedt, C., Thyberg,
J. and Cao, Y. Leptin induces vascular permeability
and synergistically stimulates angiogenesis with
FGF-2 and VEGF. Proc. Natl Acad. Sci. USA 98,
6390–6395 (2001).
113. Coppack, S.W. Pro-inflammatory cytokines and adipose tissue. Proc. Nutr. Soc. 60, 349–356 (2001).
114. Juge-Aubry, C.E., Somm, E., Giusti, V. et al. Adipose tissue is a major source of interleukin-1 receptor antagonist: upregulation in obesity and
inflammation. Diabetes 52, 1104–1110 (2003).
115. Wellen, K.E. and Hotamisligil, G.S. Obesity-induced
inflammatory changes in adipose tissue. J. Clin.
Invest. 112, 1785–1788 (2003).
116. Xu, H., Barnes, G.T., Yang, Q. et al. Chronic
inflammation in fat plays a crucial role in the
development of obesity-related insulin resistance. J.
Clin. Invest. 112, 1821–1830 (2003).
117. Weisberg, S.P., McCann, D., Desai, M., Rosenbaum,
M., Leibel, R.L. and Ferrante, A.W. Jr Obesity is
associated with macrophage accumulation in adipose tissue. J. Clin. Invest. 112, 1796–1808
(2003).
118. Lee, Y.H. and Pratley, R.E. The evolving role of
inflammation in obesity and the metabolic syndrome. Curr. Diab. Rep. 5, 70–75 (2005).
119. Dandona, P., Aljada, A. and Bandyopadhyay, A.
Inflammation: the link between insulin resistance,
obesity and diabetes. Trends Immunol. 25, 4–7
(2004).

ª 2006 International Journal of Cosmetic Science, 28, 157–167

167

