
Contents lists available at ScienceDirect

Annals of Medicine and Surgery

journal homepage: www.elsevier.com/locate/amsu

Review

The science behind autologous fat grafting

Elisa Bellinia,b,∗, Michele P. Griecoa,b, Edoardo Raposioa,b

a Department of Medicine and Surgery, Plastic Surgery Section, University of Parma, Italy
b Cutaneous, Mini-invasive, Regenerative and Plastic Surgery Unit, Parma University Hospital, Parma, Italy

A R T I C L E I N F O

Keywords:
Fat grafting
Adipose derived stem cell
Lipofilling

A B S T R A C T

Introduction: Adipose grafting has undergone significant changes over time. Many different techniques have
been followed by trying to improve the quality of the lipoaspirate and the survival of the fat graft after im-
plantation.
Material and methods: The purpose of this review is to analyse the historical evolution of the surgical harvesting
and implant technique, describing the changes that have brought significant improvements, revolutionizing the
aesthetic and functional results obtainable.
Results: A standard fat grafting technique is commonly performed in three stages: harvesting of adipose tissue
from a suitable donor site; processing of the lipoaspirate to eliminate cellular debris, acellular oil and excess of
infiltrated solution, reinjection of the purified adipose tissue. The most widely used surgical technique was
described by Coleman. He modified and corrected the methods and results of his predecessors and proposed an
atraumatic protocol for the treatment of adipose tissue.

He reported that the key to successful fat grafting lies in the technique. In addition, he noticed that adipose
tissue was not only a good filler, but improved the quality of the skin. In fact, fat grafts demonstrated to have not
only dermal filler properties but also regenerative potential owing to the presence of stem cells in fat tissue.
Conclusion: Adipose tissue, actually, is the closest to the ideal filler because it is readily available; easily ob-
tainable, with low donor-site morbidity; repeatable; inexpensive; versatile; and biocompatible. There is an
abundance of literature supporting the efficacy of fat grafting in both aesthetic and reconstructive cases. Recent
studies have shown the utility of adipose-derived stem cells in the improvement of wound healing, describing
their ability to regenerate soft tissues and their remodelling capacity provided by their unique cytokine and
growth factor profiles.

Despite ongoing concerns about survival and longevity of fat grafts after implantation and unpredictability of
long-term outcome, fat has been successfully used as a filler in many differ clinic situation.

1. Introduction

Subcutaneous adipose tissue is a soft and malleable tissue, and it is
generally present in the body in large quantities making it the ideal
filler for correcting and remodelling profile and volume body defects.

The first attempts to transfer adipose tissue date back to the end of
the twentieth century [1]. In 1889, Van der Meulen [1,2] first at-
tempted to a fat auto-transplantation. He performed a free omentum
and autologous fat grafting between the liver and the diaphragm to
treat a diaphragmatic hernia.

Neuber [3] made the first true adipose graft in 1893. He took small
fat grafts from the forearm and used them to fill a depressed scar on the
face, resulting in tuberous osteitis. He was the first to note that using
large grafts the result was unsuccessful, restricting to use small and
sufficient graft he obtained excellent aesthetic results [1].

During the first half of the 20th century fat transplantation became
popular among many medical specialties. These procedures involved en
bloc transplantation of fat harvested through an incision in the donor
region. Transplantation to cutaneous and subcutaneous defects also
involved an incision in the recipient site through which to implant the
fat with a variable fat transplanted survival rate.

In 1910, Lexer [4] published an article describing for the first time
the use of adipose tissue in aesthetic surgery to correct aging defects. I
used fat as a filler for the malar infraorbital area, to stretch the grooves
and wrinkles of the face. He harvested 12 × 12 cm autogenous fat graft
from abdomen. After that, he published a study on the survival of
adipose grafts, demonstrating that the tissue should not be damaged
during picking or during planting to obtain a good response [5,6].

Brunning [7] introduced in 1911 the use of a syringe as an instru-
ment for the fat grafting; he was the first to inject autologous fat into
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subcutaneous space. He used small fragments of adipose tissue to cor-
rect the aesthetic outcomes of rhinoplasty. He noted, however, that the
good results obtained were lost with the reabsorption of grafting [6].

In 1912, Eugene Holländer (1867–1932) from Berlin published
photographic documentation of natural appearing changes after in-
filtration of fat into two patients with lipoatrophy of the face [8]. In
1926, Charles Conrad Miller [9] wrote about his experiences with in-
filtration of fatty tissue through cannulas in the correction of scar
contraction on the face and neck.

The use of autologous adipose grafts is also reported during World
War II, when Salvat made camouflage allied spies injecting their fatty
tissue into the face. He used autologous fat tissue for permanent results
and homologous fat for temporary effects [6].

In 1895, Czerny [10] reported the first case of breast reconstruction
with autologous fat tissue. He used a massive lipoma removed from the
back, to fill the loss of substance as a result of breast tumorectomy.

Lexer, in 1931 [11], presented a case of chronic cystic mastitis that
was completely reconstructed by adipose tissue. He removed all the
glandular material of the breast and then rotated fat from axilla into the
defect [1].

In 1941, May described the use of a large free fat graft on one side
and a free fascia-fat autograft on the other from the posterolateral
surface of the thigh for a bilateral breast reconstruction. He believed
that fascia could preserve adipose tissue, reducing its absorption [1].

In the first half of the twentieth century, many authors including
Eitner [12], Peer [13], Boering, Huffstadt [14], and Sawhney [15],
experienced the use of dermofat grafts obtaining good results [6].
Bames [16], in 1953, and Scorocher [17], in 1957, reported few cases of
fat grafting for breast augmentation and, also, Peer [13] experienced a
dermofat grafting for the treatment of Poland's syndrome.

In 1975, Arpad and Giorgio Fischer [18], father and son cosmetic
surgeons, developed the modern technique of liposuction. They was the
first to introduce blunt hollow cannula attached to a suction source and
the criss-cross suctioning technique from multiple incision sites.

Illouz [19] modified and popularized the Fischer's technique and in
1977, he developed modified equipment for performing liposuction
making the technique less traumatic and reducing hemorrhagic risk. He
was the first to use liposuction tissue as a filling product; with this
technique, fat could now be transplanted without donor or recipient
incisions. The Brazilian Luiz Toledo, in 1988 [20], experienced the use
of disposable syringes of different gauges and size for aspiration of
adipose tissue. The main advantage of syringe liposuction is, therefore,
the precision and accuracy in measurement of adipose harvested vo-
lumes, in addition to the possibility of injecting fat with a less traumatic
procedure [21].

A year later, Fournier [22–24] proposed a new technique for in-
filtrating adipose tissue, calling it lipofilling. The need for hypercorrec-
tion and the enormous variability of results did not allow its broader
development in those years.

Bircoll [25] was the first to associate liposuction technique with
autologous adipose graft in the breast augmentation, for the treatment
of breast hypoplasia or symmetrisation after malignancy surgery. He
proposed serial injections of small amounts of adipose tissue in different
sessions.

Other authors after him experimented with the application of au-
tologous and heterologous grafts in the breast [26–28].

Ellenbogen [29], in 1986, reported the successfully use of free au-
togenous fat grafts between 4 and 6 mm (the size of a pearl) to correct
pitting acne, nasolabial folds, eyelid depressions, facial atrophy, facial
wrinkles, depressed scars, and in chin augmentation.

Peer [13,30] studied fat transplantation extensively in the middle of
the 20th century and hypothesized a 50% weight and volume loss of the
fat graft after 1 year. Frustration with variable survival and the cos-
metic problems of both donor and recipient incisions lead to physician
disappointment with fat grafting by the 1950s.

The radical change in the history of fat transplantation depends on

the publication of Coleman's studies [31–34]. Since 1986 he modified
and corrected the methods and results of his predecessors and proposed
a traumatic protocol for the treatment of adipose tissue.

He reported that the key to successful fat grafting lies in the tech-
nique. Harvesting, refinement, and transfer of subcutaneous tissue to
provide pure, intact parcels of fat are essential for successful fat
grafting. The surgeon also must infiltrate the refined fat parcels into the
recipient site so that they survive predictably and uniformly, become
integrated into the host tissues, and accomplish the desired structural
alteration. The key to attaining these goals is the placement of min-
uscule amounts of fatty tissue with each withdrawal of the infiltrating
cannula [31–34].

2. Fat survival

In clinical practice, the main problem emerging after adipose tissue
autotransplantation is its absorption rate over time: an average reduc-
tion observed varies from 25 to 70% of the total implanted volume
[13,30,35].

In 1987, the American Society of Plastic and Reconstructive
Surgeons reported the problems and difficulties that have been en-
countered with autologous fat transplantation and concludes that only
30% of injected fat can be expected to survive for 1-year [36].

Two different theories on adipocytes survival after fat transplanta-
tion have been advanced.

In 1923, Neuhof and Hirshfeld [37] examined grafted fat under a
microscope and observed that in the first months after transplantation
the tissue was dominated by degenerative phenomena with evident
cellular suffering. After a few months began to be evident the first re-
generative phenomena. Degenerative cells stimulate the inflow of his-
tiocytes to phagocytize cellular debris and they noticed that some
wandering cells underwent characteristic changes into embryonal fat
cells which eventually became adult fat tissue [38].

They observed complete regeneration of the adipose tissue after 5
months and the metaplastic fat assumed the characteristics of the
normal mature adipose tissue.

They also observed that occasionally, instead of becoming normal-
appearing fat, the grafted tissue became permeated with connective
tissue. They concluded that transplanted fat completely died and was
replaced by fibrous tissue or newly formed metaplastic fat. This came to
be known as the “host cell replacement theory” of fat grafting.

Cellular survival theory introduced by Peer, on the contrary, argues
that the final volume that can be obtained after an adipose tissue
transplant depends on the number of vital adipocytes present at the
time of transplantation [39].

On the first day, grafted adipocytes pass through an ischemic phase.
There is a recall of macrophages, histiocytes, and polynucleated cells
for phagocytosis. On the fourth day, revascularization of the graft is
done by neoangiogenesis of the host. This mechanism takes place
centripetally and starts from the periphery. Central adipose tissue un-
dergoes a longer period of ischemia and vascularizes only when the
fragments are small [39].

Studies on cell viability have shown that mature adipocytes are very
fragile cells and have a low level of resistance to trauma and ischemia
[40–42].

Preadipocytes are more resistant to hypoxic and traumatic insults
caused by the procedures for taking, processing and replanting: this is
because all progenitor immature cells have a minimal metabolic ac-
tivity they are able to survive without nutrition much longer and have a
much lower oxygen consumption rate than mature adipocytes [40–42].

Preadipocytes and adipose-derived stem cells might be the only
tissue that survives transplantation, and the variability of these cells
between individuals may be one of the reasons for the observed
variability of survival of fat grafts. Because adipose-derived stem cells
are so much more tenacious than lipid filled adult adipocytes, some
researchers believe that a major effect of fat tissue transplantation is
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caused by the survival of adipose-derived stem cells in the stromal cell
fraction [38].

Current literature describes a newly-placed fat graft as consisting of
three zones: an outer, “surviving” zone, an intermediate, “regenerating”
zone, and a central, necrotic zone. According to Eto et al., the overall
volume of a fat graft retained depends on the degree of survival of the
regenerating zone, which contains adipose derived stromal cells (ASCs)
with the potential for differentiation and replacement of adipocytes lost
in the necrotic zone [43].

All graft adipocytes died and were replaced by differentiation of
ASCs within the regenerating zone [44]. In addition to contributing to
adipogenesis within transplanted adipose tissue, ASCs have also been
implicated in encouraging graft revascularization via paracrine effects
[45–47]. Recent experimental studies [48,49] demonstrate the funda-
mental role that the vascular stromal fraction has in the long-term
survival of the transplanted fat tissue. This, in fact, is an indispensable
factor in inducing structural remodelling and cellular morphogenesis in
the host tissue and in its absence, no satisfactory results are obtained in
the fat survival [40].

The Stromal Vascular Fraction (SVF) therefore has an important
regenerative function that also exerts paracrine secretion of several
factors such as VEGF, HGF and TGF-β, which are released following
various stimuli, including hypoxia, and that strongly affect the differ-
entiation of stem cells, induce angiogenesis, stimulate tissue remodel-
ling and heal wounds [50–57].

3. Adipose derived stem cells

Recent studies reported that fatty tissue has the highest percentage
of adult stem cells of any tissue in the body, with as many as 5000
adipose-derived stem cells per gram of fat compared with 100–1000
stem cells per millilitre of bone marrow [38,58].

ASCs are similar to bone marrow derived stem cells in that they are
capable of differentiating into multiple mesodermal tissue types and
show similar surface protein marker expression [53].

Many studies demonstrated the ability of adipose-derived stem cells
to undergo multilineage differentiation, not just into fat but also into
bone, cartilage, skeletal muscle, cardiac muscle, blood vessels, nerves
and skin [54–59]. Furthermore, adult, lipid-filled adipocytes can ded-
ifferentiate into stem cells and redifferentiate into other tissues such as
bone [60].

ASCs are different from bone marrow derived mesenchymal stem
cells because they can be easily obtained using a standard wet lipo-
suction procedure under local anaesthesia, without the need for ex-
pansion in culture [50,61].

ASCs are part of the stromal vascular fraction (SVF) of adipose
tissue, together with a heterogeneous population of many other cell
types, including preadipocytes, endothelial cells, pericytes, haemato-
poietic-lineage cells, and fibroblasts [62].

The regenerative features of the SVF are attributable to its paracrine
effects: SVF cells secrete vascular endothelial growth factor, hepatocyte
growth factor, and transforming growth factor-b in the presence of
stimuli such as hypoxia and other growth factors and strongly influence
the differentiation of stem cells, promoting angiogenesis and wound
healing, and potentially aiding new tissue growth and development
[50–57].

In the mid-1990s, Coleman [31–38] began to observe that the
quality of the skin above the fat graft improved, not only as an effect of
the filling but also with gradual improvement in the quality of the skin.
There also appeared to be an improvement in the quality of the tissues
into which fat is grafted, including softening of winkles, decreased size
of pore and pigmentation improvement. He noted also that in the
treatment of depressed scar, the fat grafted relieved the depression but
also made the scar softer and sometimes it seemed to completely
eliminate the scar, making it look like normal skin.

Rigotti et al. [63] reported that the transplantation of lipoaspirates

containing adult ASCs is a highly effective therapeutic approach for the
treatment of degenerative, chronic lesions induced as late effects of
oncologic radiation treatments. Owing to the angiogenic factors re-
leased from ASCs, lipofilling interrupted a vicious circle of vascular
lesion, ischaemia, hyperpermeability, and fibrosis leading to increased
ischaemia, and favoured the growth of a microvascular bed with the
correct ratio of adipocytes to capillaries [63].

Because aspirated fat is relatively poor in adipose-derived stem
cells, ASC condensation seems important for obtaining better re-
generation and retention. Supplementation of stromal vascular fraction
or ASCs can increase the ASC/adipocyte ratio in the graft. Clinical re-
sults of ASC supplementation remain controversial, but ASC con-
densation seems to lead to expanding applications of fat grafting into
revitalization of stem cell-depleted tissue [64,65].

4. Surgical technique

A standard fat grafting technique is commonly performed in three
stages: harvesting of adipose tissue from a suitable donor site; proces-
sing of the lipoaspirate to eliminate cellular debris, acellular oil and
excess of infiltrated solution, reinjection of the purified adipose tissue.

4.1. Harvesting

Many different techniques have been proposed for the removal of
adipose tissue, all with the aim of minimizing adipocyte damage and
increasing the survival of adipose tissue. Fat can be harvested by va-
cuum suction, syringe suction or surgical excision.

Negative pressure liposuction is faster than syringe aspiration and is
an effective method for aspiration of large amounts of fat, but it causes
massive destruction of adipocytes, greatly reducing the survival of fat
graft [66].

High vacuum pressures of conventional liposuction may cause dis-
ruption of cellular structures in up to 90% of adipocytes [67].

Cannula size may also affect the viability of harvested fat [68]. The
use of the excisional method and fat harvesting with large-bore can-
nulas reduce the occurrence of cellular rupture and preserve the native
tissue architecture.

Though optimal particle dimensions have yet to be determined, the
consensus thus far is that the size must be large enough to preserve
adipocytes and stromal cells and their anatomical relationship, but
small enough to not limit diffusion of nutrients [69].

Larger harvesting cannulas facilitate the collection of larger fat
particles and have been shown to facilitate better adipocyte viability
and overall volume retention [70,71].

This may be explained by the fact that larger diameter cannulas
result in less shear stress, and more laminar flow of fat, leading to de-
creased tissue disruption during procurement [72].

Ozsoy et al. in their prospective study demonstrated a greater
number of viable adipocytes with a 4-mm-diameter cannula compared
with 2- or 3-mm cannulas [68].

Erdim et al. reported increased graft viability in fat harvested by
liposuction using a 6-mm cannula compared with grafts obtained by 4-
mm and 2-mm cannulas [73].

Campbell et al. found an inverse relationship between cellular da-
mage and the diameter of the instrument used to extract fat [74].

Coleman [38] described a technique for fat harvest that minimized
trauma to the adipocytes.

He used 3-mm incisions, a 3-mm, blunt edge, two-hole harvesting
cannula connected to a 10-ml Luer-Lok syringe. The cannula is pushed
through the harvest site (Fig. 2), as the surgeon uses digital manip-
ulation to pull back on the plunger of the syringe and create a gentle
negative pressure. A combination of slight negative pressure and the
curetting action of the cannula through the tissues allows parcels of fat
to move through the cannula and Luer-Lok aperture into the barrel of
the syringe. When filled, the syringe is disconnected from the cannula
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and replaced with a plug that seals the Luer-Lok end of the syringe [38].
Infiltration of the donor area has been another subject for debate in

the literature. Fournier was the first who introduced the “dry tech-
nique”, in which no fluid was injected before the liposuction procedure,
performed under general anesthesia or regional blocks [75]. He con-
sidered this technique more rapid and precise with a less tissue dis-
tortion, but the major disadvantages was the requirement of volume
resuscitation in large-volume liposuction.

In 1993, Klein proposed a new method called tumescent technique
in which a fluid solution (Klein's solution) was injected into the donor
site (Fig. 1). This improved the safety of large-volume liposuction be-
cause it eliminated the need for general anesthesia and reduced surgical
haemorrhage [76–78].

Lidocaine alone has been associated with decreased adipocyte
function, with Moore et al. finding transient changes to lipolysis and
glucose transport in the presence of local anaesthetic. Interestingly,
removal of lidocaine through washing harvested lipoaspirate returned
these levels to normal [79].

Performing histomorphometric analysis and assessing cell viability

of harvested adipocyte samples, Agostini et al. found no differences
between the dry and the wet technique [80].

4.2. Processing

The goal of postharvest fat processing is to eliminate contaminants,
including cellular debris, free oil, and other nonviable components of
the lipoaspirate such as haematogenous cells [81]. These elements
cause inflammation at the recipient site, which can be detrimental for
the fat graft. Blood must be extracted because blood accelerates the
degradation of the transplanted fat. Moreover, the injection of debris
gives an erroneous impression of the volume of correction because the
debris will be absorbed after a few hours [53] (Fig. 3).

In addition, many authors believe that maximizing the number of
adipose-derived mesenchymal stem cells in the grafted material im-
proves graft viability [82]. Despite its widespread use, the methods and
techniques used for grafting autologous adipose tissue remain varied,
and the literature has thus far failed to reveal a single superior method
for processing harvested fat.

Fig. 1. Tissue infiltration with Klein's solu-
tion.

Fig. 2. Fat tissue harvesting technique.
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Sedimentation is a little traumatic method with which it is possible
to obtain a large number of vital and intact adipocytes [83].

However, this method contain smaller concentrations of stem cells
and a significant amount of contaminating blood cells, aqueous and
lipid with a proinflammatory effect and thus harmful to graft survival
[82].

Recent publications further confirm this, demonstrating lower rates
of decanted graft viability relative to centrifuged and washed specimens
[83].

Filtration methods appear to eliminate contaminants, and maintain
viable adipocytes and a large portion of adipose-derived mesenchymal
stem cells. This processing technique may be more efficient in produ-
cing viable graft material for large-volume fat transfers [82]. A new
technology developed is the Puregraft filtration system: it is a pro-
prietary closed-membrane filtration system that was originally designed
to prepare fat for isolation of the stromal vascular fraction. The tech-
nology it employs has yet to be publicly disclosed, although its me-
chanism is known to work by principles similar to a dialysis unit. Gerth
et al. suggest that processing with the closed-membrane filtration
system is less traumatic than centrifugation and that centrifugation is
less able to clear free lipid, WBC, and RBC content from the fat graft.

However, some authors have examined other filtration techniques and
found no significant differences among the methods [84].Lipoaspirate
filtered with cotton gauze, which results in concentrating the fat and
separating it from the tumescent fluid, oily substances and cellular
debris. The above method, as compared to centrifugation, showed no
significant differences in vitality of transplant [85].

Washing the lipoaspirate has the goal of removing superfluous tu-
mescent fluid, free lipids, and debris. This technique has previously
been demonstrated to preserve both a large number of mesenchymal
stem cells and a large number of adipocytes, thus satisfying both the-
ories for graft survival [83].

Centrifugation is perhaps the most widely used technique for post-
harvest fat processing, and has previously been considered the criterion
standard.

Coleman suggested a processing method that has gained popularity
and has been since integrated in many fat-transfer clinical protocols
[31,67,86]. The recommended centrifugation speed is 3000 rpm for
3 min.

Centrifugation separates the denser components from the less dense
components to create layers. The upper level is the least dense and
consists primarily of oil. The middle portion is primarily fatty tissue.
The lowest layer is blood, water and any aqueous element [38].

This method obtains the highest possible concentration of stem cells
within aspirate. It has also the increased content of angiogenic growth
factors such as fibroblast growth factor (FGF) and vascular endothelial
growth factor (VEGF) [87].

It separates adipocytes from substances that may degrade them,
such as blood cells, lipids, proteases, and lipases but does not enhance
immediate fat tissue viability. Centrifugation may enhance the total
amount of transplanted fat, although excessive centrifugal force may
damage intact adipocytes [88].

More aggressive processing with centrifugation has been used to
dispose of fat cell debris, free triglycerides, ruptured membranes, and
fragile fat cells. Ferraro et al. demonstrated that centrifugation with a
force greater than 50 g resulted in damage to the structural integrity of
adipose tissue, increased necrosis and apoptosis of cells, and decreased
adipogenic differentiation capacity and tubule formation and he re-
ported, also, better graft viability with low centrifugal forces [89].
However, more recently, Ferraro et al. reported an optimized cen-
trifugal force at 250 g for 5 min, resulted in better density of adipose
tissue, with good cell viability and increased ability to preserve sig-
nificant number of progenitor cells [88].

Recent literature has demonstrated lower rates of graft viability
after centrifugation relative to washing [83], although equivalent or
superior results have been shown by some after “soft” centrifugation
(400 g for 1 min) [90]. Kurita et al. recommended 1200 g for 3 min, as
an optimized centrifugal force for obtaining good short- and long-term
results in adipose transplantation [88]. Nevertheless, other research
continues to support the equal effectiveness of standard centrifugation
in preserving adipose-derived mesenchymal stem cells and producing
viable in vivo grafts [91].

4.3. Implantation

Despite a long history of clinical use and evolution of techniques for
fat transfer, no consensus exists to date on the best technique and the
longevity of results; yet the principles of fat reimplantation are based on
optimal recipient site vascularity for increased fat survival [92].

Graft through nutrition by tissue fluid absorption can survive up to
48 h. In the meantime, neovascularization progresses with the rate of
about 1 mm per day. Therefore, the diameter of the deposit should not
ideally be greater than 2 mm to avoid central necrosis [93,94].

Through a skin incision of a size corresponding to the diameter of
the cannula, the fat graft is inserted at the level of the anatomical region
affected (Fig. 4). Small-gauge cannulas are thought to reduce trauma to
the recipient site, thus reducing the risks of bleeding, haematoma

Fig. 3. Harvested fat before processing.
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formation, and poor graft oxygen diffusion [53].
The placement cannulas are of a much smaller gauge, with only one

hole at the distal end. Like the harvesting cannula, the proximal end of
the infiltration cannula has a hub that will fit into a Luer-Lok syringe
[38].

For various situations in the face and body, cannulas with different
tip shapes, diameters, lengths, and curves can be used. The use of blunt
cannulas allows placement of the fat parcels in a more stable, less
traumatic manner. Through 2-mm incisions, the infiltration cannula is
inserted and advanced through the recipient tissues into the appro-
priate plane [38]. Usually, through multiple access sites, multiple
tunnels are created on insertion, but fat is injected only during with-
drawal of the cannula [92]. As the cannula is withdrawn, the deposited
fatty tissue parcels fall into the natural tissue planes as the host tissues
collapse around them [38,92].

Fat grafts are distributed in small aliquots and fanned out to varying
depths in the soft tissue to avoid excessive interstitial pressure at the
recipient site and overcrowding of the transplanted adipocytes [53].
Studies on fat-graft maintenance have demonstrated that mobile areas
of the face, such as the glabella and lips, are less amenable to correction
than are less-mobile areas, such as the malar and lateral cheek areas
[92].

5. Conclusions

Fat grafting is a reconstructive and cosmetic procedure for patients
with volume loss or contour deformities caused by disease, trauma,
congenital defects, tumor extirpation, or the natural aging process
[31,92]. Actually fat is the closest to the ideal filler because it is readily
available; easily obtainable, with low donor-site morbidity; repeatable;
inexpensive; versatile; and biocompatible. Therefore, it is the standard
against which all other fillers are comparing [31].

There is an abundance of literature supporting the efficacy of fat
grafting in both aesthetic and reconstructive cases. Recent studies have
shown the utility of adipose-derived stem cells in the improvement of
wound healing, describing their ability to regenerate soft tissues and
their remodeling capacity provided by their unique cytokine and
growth factor profiles [95].

Despite ongoing concerns about survival and longevity of fat grafts
after implantation and unpredictability of long-term outcome, fat has
been successfully used as filler in many different clinical situations.

In plastic surgery, lipofilling is widely used in breast augmentation
and reconstruction [96−101] and in volume and contour deformities of
the trunk [102−104] and lower limbs [105,106].

Adipose-derived stem cells have also been shown to play a role in
antiaging and skin regeneration by forming tissue consisting of

hypodermis, dermis, and epidermis [91]. Also for this reason, fat grafts
have an important role in the treatment of facial hemiatrophy and li-
podystrophy [107−110], in recontouring and rejuvenation of the aging
face [34,111−114] and the hands [115−120], in the treatment of
depressed or altered scars [121−128] and also in the scleroderma
treatment [129]. It is this regenerative capacity that is of particular
interest also in chronic wound, including burns and ulcers wound
therapy [130−135].

It has also been successfully used in cleft lip and palate surgery, in
orbital reconstruction after tumor extirpation and in the treatment of
painful extremity neuromas [92]. It has been useful in tempor-
omandibular joint surgery, for treatment of ankylosis and prevention of
fibrosis and heterotopic ossification around total joint prosthesis; in
neurosurgery for spine and skull base surgeries to treat or prevent
cerebrospinal fluid leaks as well as in otolaryngology for obliteration of
ear, frontal sinus cavities and vocal cord augmentation [92].

The regenerative characteristics of adipose stem cells, the ease and
the high availability of adipose tissue and the great diffusion of fat graft
in the various medical disciplines have, in recent decades, been a major
interest in new and more secure isolation techniques of stem cells
[136−139]. The extraction and implantation of stem cells has reversed,
and is revealing, very high regenerative capacity for a large number of
different organs and tissues, opening up new perspectives for re-
generative medicine.
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