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Cellulite is a topographic skin change that is nearly ubiquitous in postpubertal women. Treatment remains
elusive. The various treatments currently available are only partially or temporarily effective. Newer
therapeutic modalities continue to evolve without much understanding of the complex nature of cellulite.
The successful treatment of cellulite will ultimately depend upon our understanding of the pathophys-
iology of cellulite adipose tissue. Part I of this two-part series on cellulite reviews how the concept and
perception of cellulite has evolved over time and its proposed etiologies. The article also focuses on the
physiology of human adipose tissue, particularly regarding cellulite. ( J Am Acad Dermatol 2010;62:361-70.)
Learning objectives: After completing this learning activity, participants should be able to differentiate
adipocyte physiology between the cellulite-prone areas and other parts of the body, understand the
spectrum of conventional and interventional treatment modalities available, including their modes of action
and controversies that dominate and question their long-term efficacy based on published studies, and
discuss newer horizons for the treatment of cellulite.
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points
ellulite is an architectural disorder of hu-
an adipose tissue
ellulite is characterized by the padded and
odular appearance of skin in cellulite-
rone areas, such as the posterolateral thigh

postpubertal females
undamental knowledge regarding its patho-
hysiology is lacking

Abbreviations used:

a-2 AR: a-2 adrenergic receptor
BAT: brown adipose tissue
BMI: body mass index
GAG: glycosoaminoglycan
LPLL: lipoprotein lipase
MRI: magnetic resonance imaging
UCP-1: uncoupling protein-1
WAT: white adipose tissue
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C
ellulite is defined as a localized metabolic
disorder of subcutaneous tissue that pro-
vokes an alteration in the female body

shape. It presents as a modification of skin topogra-
phy evident by skin dimpling and nodularity that
occurs mainly in women on the pelvic region, lower
limbs, and abdomen and is caused by the herniation
of subcutaneous fat within fibrous connective tissue,
leading to a padded or orange peelelike appearance
(Fig 1). Given the fact that occurrence of cellulite is
nearly universal in postpubertal females, it is thought
of as a female secondary sex characteristic. The term
cellulite was first reported in the French literature 150
years ago1 and was elegantly portrayed by the artists
of the 1600s (Fig 2). Synonyms include adiposis
edematosa, incipient cellulite or status protusus
cutis, full-blown cellulite or dermopanniculosis
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deformans, nodular liposclerosis, gynoid lipodystro-
phy, and edematofibrosclerotic panniculopathy.

Cellulite is different from obesity. Obesity is char-
acterized by hypertrophy and hyperplasia of adipose
tissue that is not necessarily limited to the pelvis,
thighs, or abdominal areas. In contrast, cellulite is
most commonly found but not limited to the pelvis,
thighs, and abdomen, and is a result of several
CAPSULE SUMMARY

d Cellulite is a complex architectural
disorder with multifactorial etiologies
that is prevalent in 98% of the
postpubertal females.

d Although the pathophysiology of
cellulite is not fully elucidated,
physiologic and biochemical properties
of adipose tissue in cellulite-prone areas
have been shown to be different from
subcutaneous adipose tissue elsewhere.

d Cellulite-prone areas have a higher
concentration of large metabolically
stable adipocytes.
ultrastructural, inflammatory,
histochemical, morphologic,
and biochemical changes
that produce the padded
and orange peel appearance
of the skin.2-5 There is no
mortality or morbidity asso-
ciated with this condition,
which makes it difficult to
define as a ‘‘pathologic’’ con-
dition.6 However, cellulite re-
mains a common cause of
embarrassment to even the
most fit of women.

According to Scherwitz
and Braun-Falco,1 it was
Alquier and Paviot who, in
1920, first described cellulite

as a noninflammatory, complex cellular dystrophy of
the mesenchymal tissue, where defects in water
metabolism led to saturation of adjacent tissues by
interstitial liquids as a result of traumatic, topical
infectious, or glandular stimuli.

Unfortunately, there has been little advancement
in our understanding of the pathophysiology of
cellulite. Research is scant, and dissention and con-
troversy are common. In the last 30 years, there have
been only a handful of peer-reviewed articles in the
medical literature that have addressed cellulite.
There is no definitive explanation for its presentation
and prevalence among 85-98% of post-pubertal
females who display some degree of cellulite. This
greatly complicates the ability to treat or improve it.

MULTIFACTORIAL ETIOLOGIES OF
CELLULITE

Genetic predisposition plays a role in the devel-
opment of cellulite. The following factors are also
important: (1) gender differences—cellulite in its
classic patterns affects women exclusively; (2)
ethnicity—white women tend to get cellulite more
than Asian women; (3) lifestyle—an excessive, high-
carbohydrate diet provokes hyperinsulinemia and
promotes lipogenesis, leading to an increase in total
body fat content, thereby enhancing cellulite; (4)
sedentary lifestyle—prolonged periods of sitting or
standing may impede normal blood flow, leading to
more stasis and causing alterations in the microcir-
culation of cellulite prone areas; and (5) pregnancy,
which is associated with an increase in certain
hormones, such as prolactin and insulin, and in-
creased overall fluid volume—both of these factors
promote cellulite by lipogenesis and fluid retention.
PATHOPHYSIOLOGY
OF CELLULITE
Key points
d Etiologic factors—struc-

tural and architectural
alterations; metabolic
and biochemical differ-
ences between cellulite
and ‘‘normal’’ fat; sexu-
ally dimorphic skin ar-
chitecture; and adipose
tissue differences in dif-
ferent body parts—play
a major role in cellulite
pathophysiology

d Minor factors, such as
localized tissue vascular-
ity and postinflamma-
tory changes, hormonal
and genetic influences, lifestyle, weight gain
or loss, etc, may also be important

Although the differences between cellulite path-
ophysiology and ‘‘normal’’ fat are largely unknown,
several observations have been proposed. These can
be subdivided into major factors, including structural
and architectural alterations, metabolic and bio-
chemical differences between cellulite and ‘‘normal’’
fat (which includes abnormal hyperpolymerization
of connective tissue and sexually dimorphic skin
architecture), adipose tissue differences in different
parts of the body, and altered fatty tissue. Minor
factors, such as tissue vascularity and postinflamma-
tory changes, hormonal and genetic influences,
lifestyle, weight gain or loss, dietary preferences,
and pregnancy, among others, may also play a role.
STRUCTURAL AND ARCHITECTURAL
DIFFERENCES BETWEEN CELLULITE AND
‘‘NORMAL’’ FAT
Key points
d Skin dimpling in cellulite and dermal stretch

marks, or so-called ‘‘striae,’’ may be similar
conditions with forces of distension acting
in a perpendicular versus parallel fashion

d Womenwithcellulite havea higher percentage
of thinner, perpendicularly oriented hypoder-
mal septae than unaffected women and men



Fig 1. Magnetic resonance images of adipose tissue. A,
Hypodermis of the entire thigh that appears hyperintense.
Dermis is not visible at this resolution. B, High spatial
resolution, two-dimensional image, 3 mm thick, of hypo-
dermis on dorsal side of the thigh of a woman with
cellulite. Camper fascia separates the adipose tissue into
two layers. Fibrous tissue septae appear as thick, hypo-
intense structures. (Reprinted with permission.11)
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Connective tissue alteration
Cellulite is characterized by the presence of fatty

protrusions through the dermohypodermal junction.7

Cellulite may be caused by gender-related differences
in connective tissue that are clinically more evident
with weight gain. A study by Rosenbaum et al8

reported similar findings using ultrasonography and
full-thickness wedge biopsy of the thighs under local
anesthesia. Gross ex vivo and in vivo examination of
the thighs showed a diffuse pattern of extrusion of
underlying adipose tissue into the reticular dermis in
affected (but not unaffected) individuals, directly
correlating with clinical findings, such as dimpling
and orange peel texture of thigh skin.

However, Piěrard et al9 found no correlation in
their study between the extent of these protrusions
and clinical evidence of cellulite. In a study using
autopsy specimens of 24 previously healthy women
between 28 and 39 years of age with cellulite and 11
men and four women without cellulite, the authors
revealed important distinguishing characteristics
within the microarchitecture of subcutaneous con-
nective tissue below the dermosubcutaneous inter-
face. They showed the presence of papillae adiposae
rising into the ‘‘pits and dells’’ on the undersurface of
the dermis with sweat glands encased within. They
found no correlation between the extent of this
finding and the clinical type and severity of cellulite
in women. In addition, the most distinguishing
feature between cellulite-prone skin and unaffected
skin was found to be uneven thickness of connective
tissue septae, showing a few a-actinepositive myo-
fibroblasts in thicker strands. This finding correlated
with the ‘‘mattress phenomenon’’ as seen on pinch-
ing of the skin corresponding with the areas where
the septae are thicker and contain myofibroblasts. At
the site of skin dimpling at rest, they reported ‘‘lumpy
and loose’’ swellings interposed between thinner
portions of the septae. Collagen fibers formed a
delicate meshwork that was reminiscent of striae
distensea. They were found to be distributed un-
evenly, being either coarse and clumped or rare and
thin. Acid proteoglycans and a2-macroglobulin were
present in abundance at these sites. The study
concluded that skin dimpling in cellulite and dermal
stretch marks are similar conditions with forces of
distension acting perpendicular versus parallel, re-
spectively.10 As such, each can coexist in the same
individual, which is a commonly noted finding. They
also found numerous blood vessels at the dermal
level compared to those poorly developed at the
subcutis without any changes in the lymphatics
(control vs affected) in the cellulite-affected areas.

Sexual dimorphic skin architecture
The anatomic hypothesis of cellulite is based on

gender-related differences in the structural charac-
teristics of dermal and hypodermal architecture,
originally detailed by Nürnberger and Müller.7

They described herniations of fat into the dermis,
which are characteristic of female anatomy and
which were later confirmed by ultrasound imaging
as being low-density regions among denser dermal
tissue.8 Their study revealed that gender-related
differences are diffuse and not localized to the
affected areas. They reported that dermal septae—
also called ‘‘papillae adiposae’’—of affected females
are much thinner and more radially oriented than
unaffected males, therefore facilitating the extrusion
of adipose tissue into the reticular dermis. In their
study, cellulite-affected and unaffected female sub-
jects both showed an irregular and discontinuous
dermosubcutaneous interface that was characterized
by fat protrusion into the dermis. The dermoadipose
and connective tissue interface was smooth and
continuous in male subjects.

Querleux et al11 revealed three principal orienta-
tions of septae: perpendicular, parallel, and angu-
lated at about 458 (Figs 3 and 4). Women with
cellulite had a higher percentage of perpendicular
septae than unaffected women (P \ .001) or men
(P \ .01). For the other two directions, according to
presence of cellulite, women with cellulite had a
smaller percentage of septae parallel to skin (P \
.001) and higher percentage at 458 (P \ .001).

METABOLIC AND BIOCHEMICAL
FEATURES OF CELLULITE VERSUS
‘‘NORMAL’’ FAT
Key points
d Catecholamine-induced lipolytic responsive-

ness is greatest in visceral fat than in



Fig 2. Grade III cellulite: skin dimpling with the patient in the supine position. (Venus and
Cupid, c. 1560, by Lambert Sustris. Oil on canvas, 132 3 184 cm. On public display at Musée du
Louvre, Paris, France; printed with permission. Photograph by the author.)

Fig 3. Visualization of three-dimensional topography of skin as seen by magnetic resonance
imaging at the interface between the dermis and subcutaneous tissue. A, Woman with cellulite.
B, Unaffected woman. C, Unaffected male. Deep adipose indentations into the dermis are a
characteristic hallmark of cellulite. (Reprinted with permission.11)
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abdominal subcutaneous tissue and is least
responsive in cellulite-prone areas

d White and brown adipose tissue can be bet-
ter defined by features other than histology

d It is not clearly known whether the cellulite
is brown or white adipose tissue

Adipose tissue in gluteofemoral versus
abdominal regions

The topographic anatomy of fatty tissue includes
two layers separated by a superficial fascia. The
more external layer or areolar layer consists of
vertically oriented globular large adipocytes. The
deeper layer, known as the lamellar layer, has
horizontally arranged smaller cells with larger and
more numerous blood vessels. Women and children
tend to have a thick areolar layer,12 which in turn is
thicker in femoral regions. Fatty tissue development
during puberty is greater in women than men. This
maybe explained by the influence of estrogen,
because 17-b-estradiol stimulates the replication
of adipocytes13,14 (Fig 5; Table I). The adipocytes
in the gluteofemoral region are larger and are
influenced by female sex hormones. They are met-
abolically more stable and resistant to lipolysis.15 In
addition, estrogen increases the response of the
adipocytes to antilipolytic a-2 adrenergic receptors
(a-2 ARs).



Fig 4. Visualization of the three-dimensional architecture of fibrous septae in subcutaneous
adipose tissue as viewed by magnetic resonance imaging. A, Woman with cellulite. B,
Unaffected woman. C, Unaffected male. (Reprinted with permission.11)

Fig 5. Overview of fatty acid uptake, lipogenesis, and lipolysis: triacylglycerol (TG) hydrolysis
leads to lipolysis, whereas fatty acid (FA) uptake and TG synthesis leads to lipogenesis. AC,
Adenylate cyclase; ACS, acyl-coenzyme A synthase; 5’-AMP, 5’-adenosine monophosphate;
ATP, adenosine triphosphate; aP2, adipocyte binding protein; a2-AR, a2 adenoreceptor; b-AR,
b-adenoreceptor; FATP, fatty acid transport protein; FFA, free fatty acid; GI, inhibitory G
protein; GS, stimulatory G protein; Glut4, insulin-sensitive glucose transporter; glycerol-3P,
glycerol 3-phosphate; HSL, hormone sensitive lipase; LPL, lipoprotein lipase; p, phosphoryl-
ation; PKA, protein kinase A. (Data from Marks DB, Marks AD, Smith CM. Basic medical
biochemistry: a clinical approach. Philadelphia: Lippincott, Williams and Wilkins; 1996.)
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The only hormones that acutely affect lipolysis in
human adipocytes are catecholamines (epinephrine
and norepinephrine, which are lipolytic) and insulin
(antilipolytic). Functionally, there are marked re-
gional differences in both hormonal responsiveness
and metabolic activity of human adipose tissue.
Catecholamine-stimulated lipolytic responsiveness
is greater in viscera than in abdominal subcutaneous
tissue and with less responsiveness than is seen in
gluteofemoral fat cells.16,17 The regulation of lipoly-
sis by catecholamines involves AR stimulation of
adenylate cyclase via b-ARs (b1-, b2-, and b3-ARs)
and inhibition by a-2 ARs18 (Fig 5). Both abdominal
and gluteal adipocyte cell size correlate directly with
a-2 AR density (P\.01). The fact that the ratio of a-2
AR to b-AR is higher in the gluteal region than in
abdominal adipocytes accounts for some of the
enhanced responsiveness of abdominal fat cells
versus gluteal fat cells to mixed AR agonists, such
as epinephrine and norepinephrine. In addition,
abdominal adipocytes have a greater sensitivity to
pure b-AR agonists, such as isoproteronol.19,20 These
factors are responsible for enhanced lipolysis of
abdominal adipocytes secondary to catecholamine
stimulation as compared to gluteal adipose tissue.

Adipose tissue lipoprotein lipase (LPL) correlates
directly with the adipose cell size and its affinity for
b-AR.20,21 Catecholamine-induced lipolysis, as



Table I. Lipolysis and lipogenesis regulatory factors

Factors Type of effect(s) Functions

Obesity genes
Leptin Endocrine/paracrine Adipostat signal to the brain, decreases food

intake, increases energy expenditure,
increased lipolysis, decreased TG
synthesis and lipolysis

Proteins of lipid metabolism
Glut-4 Transmembrane glucose transporter Positive effector of lipogenesis
LPL Paracrine Hydrolyzes lipoprotein-associated fatty

acids; positive effector of lipogenesis
Adenosine Autocrine Antilipolysis; vasodilator
ALBP/aP2 Intracellular FA binding protein Positive effector of lipolysis
Perilipin Intracellular lipid droplet associated protein Positive effector of lipolysis
b-AR Transmembrane catecholamine receptor Positive effector of lipolysis
a2-AR Transmembrane catecholamine receptor Antilipolysis; negative effector of lipolysis

ALBP/aP2, Adipocyte lipid binding protein; a2-AR, a2-adrenoreceptor; b-AR, b-adrenoreceptor; FA, fatty acid; Glut4, insulin-dependent

glucose transporter; LPL, lipoprotein lipase; TG, triacylglycerol.

Data from Wajchenberg BL. Subcutaneous and visceral adipose tissue: their relation to the metabolic syndrome. Endocrine Rev 2000;21:697-738.
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measured by localized LPL release, clearly suggests
that abdominal adipocytes have an abundance of
b-AR with greater cell size in postmenopausal
women. Stimulated LPL activity in abdominal fat
cells directly correlates with greater central obesity
seen in postmenopausal women as opposed to
gynoid feminine type obesity or cellulite, which is
more prevalent in premenopausal women. Gluteal
fat cells are larger in size and richer in a-2 AR in
premenopausal women and postmenopausal
women who are undergoing estrogen replacement
therapy.

Cellulite versus ‘‘normal’’ adipose tissue:
White, brown, or both?

Adipocytes are organized in a ‘‘multidepot organ,’’
with only one third of adipose tissue containing
mature adipocytes. The remaining two-thirds consist
of a combination of nerves, fibroblasts, and adipocyte
precursor cells, or preadipocytes. Mature adipocytes
exist as two cytotypes—white adipose tissue (WAT)
and brown adipose tissue (BAT)—that are distin-
guished by their color and function. WAT is yellow or
ivory and contains predominantly white adipocytes.
BAT, which appears brown, contains multilocular
brown adipocytes. Compared with WAT, BAT con-
tains a richer vascular tree and denser capillaries in
combination with mitochondria, which accounts for
its ‘‘brown’’ color. They are both innervated by the
noradrenergic sympathetic nervous system.

BAT and WAT are histologically distinct yet inter-
changeable.22,23 Lipids in WAT are organized within
one large, ‘‘unilocular’’ droplet, the size of which
exceeds 50 �m. White adipocytes are spherical,
allowing for maximum volume expansion within
minimal space. The nucleus is compressed to one
side because of the high lipid content. Lipids within
brown adipocytes are organized into multiple
smaller, multilocular droplets. They have higher
mitochondrial content packed with cristae within
the cytoplasm. Cells are polygonal, have centrally
placed nuclei, and are relatively smaller than WAT,
ranging from 20 to 40 �m. WAT is distributed in
several anatomically distinct and separate collections
or ‘‘depots,’’ namely the subcutaneous and intra-
abdominal, each with its own characteristic meta-
bolic, endocrine, paracrine, and autocrine
function.24 BAT can be found in the newborns and
neonates around many major vessels, the kidneys,
and in adrenal glands.25 In small mammals, such as
rodents, BAT persists throughout life. In larger
mammals and humans, BAT depots undergo a mor-
phologic transformation in which they rapidly accu-
mulate fat, become unilocular, and lose the
ultrastructural and molecular properties that define
them, including mitochondria.26,27 Because of this,
there are very few, if any, collections of BAT in adult
humans.

Although WAT and BAT distribution patterns
have been well documented, their morphology
has been defined on the basis of histologic features
alone, which are not sufficient to differentiate
between the two. Brown adipocytes may appear
white when not stimulated.26 Likewise, the mor-
phology of white adipocytes changes progressively
during fasting. They can become elongated and
multilocular—or so-called ‘‘slim.’’ More advanced
techniques are designed to detect the presence of
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uncoupling protein-1 (UCP-1), a protein that is
unique to brown adipocytes. UCP-1 mRNA in adi-
pose tissues is now considered a more accurate
method for identifying activated brown adipocytes.
Recent polymerase chain reaction (PCR) studies to
detect UCP-1 mRNA in adipose tissue from rodents
and humans have revealed the existence of scat-
tered BAT within the WAT depots.28-30 Furthermore,
transdifferentiation of white adipocytes into brown
can be induced under certain conditions, thereby
refuting the notion that stem cell commitment to and
differentiation into the white or brown cell lineage is
permanent.26,31

Although WAT and BAT both express many of the
same adipocyte-specific genes needed for lipid syn-
thesis and hydrolysis—in addition to secreting hor-
mones that regulate energy homeostasis, such as
leptin32—BAT has emerged as an independent organ
with specific expression of proteins and unique
functions. Mitochondrial protein UCP-1 or thermo-
genin, which is expressed exclusively in BAT, is
responsible for mediating the basic function of
brown fat cells—namely, the transfer of energy
from nutrition to heat. BAT also functions as a
protective factor against obesity.33,34

BAT activity is regulated by adrenergic sympa-
thetic nervous system activity, which is governed by
selective regions in the hypothalamus.35,36 A ther-
mogenic signal is transmitted by norepinephrine,
which in turn stimulates a-1 AR and b-AR, particu-
larly b3-AR,30 thereby triggering lipolysis, brown
adipocyte proliferation, mitochondriogenesis, and
increased expression of UCP-1. Other positive reg-
ulators of UCP-1 include retinoic acid and thyroid
hormone T3.

37,38 Even though the physiologic sig-
nificance of these findings is still being elucidated, it
would be beneficial to understand the composition
of the adipose tissue of cellulite (BAT vs WAT) using
newer techniques, such as PCR studies. This may
provide a better understanding of the pathophysio-
logic mechanisms that might play a role in the
formation, persistence, and recurrence of cellu-
lite—even after various therapeutic measures have
been employed—in order to provide satisfactory
results. It may be inferred from the work of Berman
et al20 that the adipocytes of the gluteofemoral area
are white as opposed to brown based on their
responsiveness to catecholamines; they are predom-
inantly a-2 ARepositive and therefore express an
antilipolytic effect as opposed to abdominal adipo-
cytes, which are predominantly b-ARepositive.
There remain many unsolved mysteries that are
worth resolving regarding the terra incognita of
cellulite. Additional research needs to be done in
order to explore these unanswered questions.
MINOR FACTORS
Key points
d It is controversial whether localized tissue

vascularity or inflammation plays a major
role in the etiology of cellulite

d Cellulite can affect individuals regardless of
their body mass index

Cellulite tissue vascularity
It has been theorized that the process of cellulite

originates with deterioration of the dermal vascula-
ture, particularly in response to altered precapillary
arteriolar sphincters in affected areas. This is coupled
with the deposition of hyperpolymerized glycosoa-
minoglycans (GAGs) in the dermal capillary walls
and within the ground substance between collagen
and elastin bundles. GAGs have hydrophilic prop-
erties, which leads to elevated excessive fluid reten-
tion in the dermis, adipocytes, and interlobular
septae. Edema can also lead to vascular compres-
sion, hypoxia, and capillary neoformation, resulting
in microhemorrages that are noted upon histologic
evaluation.12,39 Although Rossi and Vergnanini12 and
Curri39 have supported the findings of increased
edema and abundant GAG deposition at the lower
dermal/subcutaneous junction in patients affected
with cellulite, this observation has not been sup-
ported by others.7,9,11

Cellulite and postinflammatory changes
Based on the reported subjective tenderness upon

deep compression of the cellulite-affected areas,
inflammation has also been proposed as a possible
basis for its pathophysiology.40-42 Kligman41 has
reported the presence of macrophages and lympho-
cytes in the fibrous septae of cellulite biopsies, which
might be the cause of low grade inflammation that
results in dermal atrophy. Others, however, found no
evidence of inflammation in patients with
cellulite.1,7,9

Effects of body mass index on cellulite
Cellulite can affect individuals with higher body

mass index (BMI) measurements and those with
lower BMIs. Mirrashed et al42 compared the clinical
grades of cellulite with magnetic resonance imaging
(MRI) scans among individuals with different BMIs
and found a somewhat positive correlation (Fig 6).
They reported that affected individuals with higher
BMIs have a weaker, less dense connective tissue
structure, leading to increased extrusion of adipose
tissue lobules through the hypodermis. In this group,
the septae are primarily composed of collagen and
elastin fibers. The amount of extrusion was found to
be higher and the thickness of the dermis was found



Fig 6. Examples of sagittal magnetic resonance imaging scans of thigh skin. A and B,
Unaffected males with higher body mass index values. C and D, Cellulite-affected females with
higher body mass index values. Of note is the fact that a greater number of septae are oriented
rather perpendicular to the skin surface in obese women with cellulite. (Reprinted with
permission.42)
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to be significantly lower. In affected individuals with
lower BMIs, they showed differences in the thickness
of the adipose tissue layer, with a significantly thicker
adipose layer in individuals with clinically evident
cellulite. No significant differences in dermal thick-
ness were found in affected versus unaffected sub-
jects with lower BMIs.

Cellulite grading based on clinical severity
Cellulite can be divided into three main grades

based on the clinical severity. Grade I is character-
ized by smooth skin without any dimpling upon
standing and laying down, but the skin adopts a
mattress-like configuration upon pinching, which
forces the fat into the reticular and papillary dermis.
In grade II cellulite, a mattress-like appearance of
cellulite is present upon standing but disappears
with the patient in the supine position. Grade III
cellulite can be seen in individuals who exhibit skin
dimpling upon standing and when they are in the
supine position; this can be exacerbated by pinching
the skin.42
CELLULITE AS VIEWED BY NONINVASIVE
IMAGING TECHNIQUES
Key points
d Individuals affected with cellulite have her-

niations of adipose tissue into the dermis
d Affected women have fewer septae arranged

rather perpendicularly at hypodermal level
as opposed to the criss-cross pattern seen in
unaffected men and women

The current concept of the anatomy of adipose
tissue derives from the histologic studies of
Nürnberger and Müller,7 who analyzed adipose
samples of unaffected men, unaffected women,
and women with cellulite. They reported deep
adipose indentations into the dermis in women,
but not in men. They also described the architecture
of fibrous septae, mainly oriented perpendicular to
the skin surface in women as opposed to criss-cross
pattern in men. A microanatomic description of
cellulite was revisited by Piěrard et al9 and confirmed
by Rosenbaum et al,8 who reported a rather undu-
lating dermohypodermal interface in women with
cellulite. The research by Querleux et al11 provided a
better understanding of the adipose tissue in affected
and unaffected males and females as seen by in vivo
MRI scans and spectroscopy (Figs 1, 3, and 4). Their
work clearly revealed increased hypodermal thick-
ness in women with cellulite compared to unaffected
women (P \ .01), but there were no sex-related
differences. Furthermore, when comparing unaf-
fected men to women, they found a thicker lamellar
adipose layer (inner) than the areolar (outer) adi-
pose layer (P = .0001). In their study, the three-
dimensional architecture of fibrous septae revealed
that Camper fascia is a thin plane structure that is
‘‘parallel’’ to the surface of the skin. Vertical spetae
act as suspenders, in contrast to the straight planes
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proposed by Nürnberger and Müller.7 Querleux
et al11 also reported a randomly organized pattern
of fibrous septae with presence of localized thick-
ened septae. Their MRI findings did not confirm the
hypothesis of an increase in water content of subcu-
taneous adipose tissue in the case of cellulite, as
previously reported.42 Of note is the fact that their
measurements were strictly limited to the ‘‘fat lob-
ule.’’ Whether the overall increased fluid volume in
cellulite is confined to the connective tissue or
adipose tissue or both needs to be investigated.
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