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a b s t r a c t
Adipose tissue is an abundant source of various cell types including not only adipocytes, but also progenitor and endothelial cells from thestroma. Interest in adipose tissue has surged since the identiﬁcation
in 2001 of adipose-derived stem cells (ADSCs) and of the stromal vascular fraction (SVF) obtained from
adipose tissue by enzymatic digestion and centrifugation. SVF has been proven effective in ensuring
tissue regeneration, thus improving tissue trophicityand vascularisation. These effects have generated
strong interest among both physicians and surgeons, particularly in the ﬁeld of hand surgery. Several
applications have been developed and used, for instance to treat Dupuytren’s contracture, systemic
sclerosis-related hand lesions, and skin ageing at the hand. Other uses are being evaluated in clinical
or animal studies. The objective of this article is to review the capabilities of adipose tissue and their
current and potential applications in hand surgery.
© 2017 Elsevier Masson SAS. All rights reserved.

1. Introduction
Adipose tissue is an abundant source of various cell types. Being
derived from the mesenchyme, it contains not only adipocytes (well
differentiated cells that cannot divide [1]), but also progenitor and
endothelial cells from the stroma. Adipose tissue is an endocrine
organ that releases numerous adipokines capable of acting as both
autocrine and paracrine factors [2,3]. Adipose tissue is renewed
constantly at a rate of about 10% per year [4] thanks to the presence
of progenitor cells that can undergo differentiation. These progenitor cells have been designated adipose-derived stem/stromal cells
(ADSCs) by the International Federation for Adipose Therapeutics
and Science (IFATS). They are found within a larger component
known as the stromal vascular fraction (SVF).
SVF has demonstrated therapeutic efﬁcacy in many domains
including tissue regeneration, with improvements in tissue
trophicity and vascularisation. These advantages are generating
considerable interest among physicians and surgeons. More
speciﬁcally, in the ﬁeld of hand surgery, the broad array of disorders, injuries, and tissues involved, together with the major
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functional importance of the hand, have provided a strong impetus
to the development of new treatments based on the regenerative capabilities of adipose tissue. Among these new techniques
and applications, which cover a vast spectrum, some have been
validated and are widely used, whereas others are still being
developed or evaluated in animal studies.
The objective of this work is to review the capabilities of adipose
tissue and their current and potential applications in hand surgery.
2. Adipose tissue transfer techniques
Many methods have been developed to allow the use of adipose
tissue as a ﬁller and volume enhancer. In the 1970s, Illouz developed liposuction, using a cannula to aspirate the fat, which was
then re-injected at other sites as a ﬁller [5–7]. Subsequently, Coleman coined the term ‘lipostructure’ to designate a ﬁlling method
based on careful attention to the fragile nature of adipose tissue
[8,9]. Several steps are required to harvest adipose tissue. The preferred donor sites are the abdomen, trochanters, and medial aspect
of the knees [10]. A solution is usually injected into the donor site
to allow hydro-dissection and diminish tissue trauma. Injectable
saline is used, with or without a local anaesthetic (e.g., lidocaine or
ropivacaine) and/or a vasoconstricting agent (e.g., adrenalin).
Atraumatic liposuction is applied to harvest the fat. Studies
have established that manual syringe aspiration at pressureslower
than -1.0/–0.5 bar substantially decreases adipocyte damage
[11,12] (Fig. 1A). Many features of the suction cannulas can affect
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Fig. 1. A–C. Harvesting and injection of adipose tissue.

graft quality (e.g., diameter, size, and number and orientation of
the holes). To date, no cannula model has been proven superior
over the others. The harvested fat is washed with saline then centrifuged (Fig. 1B) to purify the graft while maximising adipocyte
survival. The best compromise may be centrifugation at 3000 rpm
for 3 minutes [13–15]. Closed circuit systems are available for
these steps to decrease graft oxidation and cell necrosis [16].
At the recipient site, retrograde injection is used to avoid
intravascular injection of the fat tissue. The lipostructure technique developed by Coleman relied on a 17-gauge injection cannula
(Fig. 1C), which may not be appropriate for all recipient sites, such
as the inelastic tissues of the hand and face affected with systemic
sclerosis. Micro-injections can be performed using 20-, 23-, or even
25-gauge cannulas without damaging the adipocytes [17].

3. Technique for extracting the stromal vascular fraction
(SVF) and adipose-derived stem cells (ADSCs)
SVF is the cell pellet obtained after washing, enzymatic digestion, and centrifugation of fat harvested by liposuction. It contains
many cell populations including pre-adipocytes, endothelial and
pre-endothelial cells (10% to 20%), mesenchymal cells (ADSCs, 15%
to 30%), pericytes (3% to 5%), leukocytes and macrophages (25% to
45%), and ﬁbroblasts (capable of producing collagen and organising
an extra-cellular matrix) [18–21].
Extraction of SVF involves several steps: washing with
phosphate buffer saline to remove cellular debris, digestion bycollagenasesat 37 ◦ C to release the cell mixture embedded in the
extra-cellular matrix between the adipocytes, and centrifugation to separate the SVFfrom the digestion buffer and adipocytes
(1500 rpm for 5 minutes). This entire procedure can be automated
®
and standardised by using devices such as the Celution system
®
(Cytori , San Diego, CA, USA), which requires about 2 hours [22].
French legislation requires that SVF extraction, even when automated, be performed in a cell therapy laboratory accredited by the

PPMI.1 The nanofat grafting technique described recently by Tonnard et al. is a mechanical SVF extraction technique that can be used
in the operating room. The fat tissue is transferred rapidly from
one syringe to another to break down the extracellular matrix and
extract the SVF. Nanofat is used chieﬂy for the regenerative effects
of SVF rather than as a ﬁller (given the small volumes) [23,24]
and may therefore be particularly well suited to hand surgery.
Importantly, despite their practical advantages, these SVF extraction techniques have lower ADSC yields compared to conventional
enzymatic digestion followed by cell culture.
ADSCs can be isolated from SVF, cultured in vitro, and used
for cell therapy. Advantages of ADSCs include ease of collection
and isolation and abundance in the body. Since they were ﬁrst
characterised by Zuk et al. in 2001 [25], ADSCs have generated considerable research interest, due to their multipotency. The adipose
tissue is estimated to contain about 2% of mesenchymal stem cells
(MSCs), compared to only 0002% in the bone marrow (bone marrow
MSCs, BM-MSCs) [26].
French law classiﬁes SVF among the innovative therapeutic
drugs, which are strictly regulated. For instance, only accredited
cell therapy laboratories can produce SVF, and the product must be
subjected to cellular and microbiological tests at regular intervals.
Adipose tissue transfer and nanofat grafting are not classiﬁed as
innovative therapeutic drugs and, consequently, sample preparation and re-injection can be performed in the operating room.
These treatments have been expanding rapidly in recent years,
in many ﬁelds [27]. SVF and ADSCs have been shown to stimulate angiogenesis [28] more effectively than MB-MSCs [29] and
to improve the trophicity and repair of damaged tissues (e.g.,
skin burns [30,31], radiodermatitis [32], and myocardial infarcts
[33–35]). SVF and ADSCs also exert immunomodulating effects
[15,36,37] and exhibit considerable differentiation potential [38].
Thus, in vitro, ADSCs can be used to obtain myoblasts, osteoblasts,

1
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and chondrocytes [39]. These many capabilities of ADSCs and SVF
have also been used over the last few years to develop new treatments for the different domains of hand surgery.
4. Dupuytren’s contracture
Dupuytren’s contracture is deﬁned as non-malignant chronic
ﬁbromatosis of the superﬁcial palmar fascia. At present, fasciectomy or dermofasciectomy is the standard treatment. The
recurrence rate varies from 10% to 40%. Less invasive treatment
options have been developed, such as needle aponeurotomy. However, needle aponeurotomy has a high recurrence rate of 50% to 60%
after 4 years [40,41]. More recent methods include local collagenase
injections, for which longer term follow-up data for large cohorts
are still needed. In addition, collagenase injections can exacerbate
the inﬂammatory reaction and cause tendon damage [42,43].
In animal models, MSCs seem to play a major role in diminishing
ﬁbrosis of the lungs, liver, kidneys, heart; as well as ﬁbrosis of the
penis in a model of Peyronie’s disease [44–46]. MSCs have also been
shown to modulate immune and inﬂammatory responses [47].
Dupuytren’s contracture is characterised by excessive myoﬁbroblast proliferation [48]. In vitro, ADSCs, acting via both direct
contact and the release of multiple factors, inhibited the proliferation and contractility of Dupuytren myoﬁbroblasts and also
decreased the expression of alpha-smooth muscle actin protein, whereas BM-MSCs tended to increase the contractility of
Dupuytren myoﬁbroblasts [49]. In 2011, R. Khouri described a
new treatment option consisting in extensive superﬁcial (2–3 mm)
percutaneous aponeurotomy from proximal to distal along the
cord, followed by the transfer of autologous adipose tissue [50]. In
patients with various Tubiana stages of Dupuytren’s contracture,
this technique diminished the ﬂexion contractures, from 61◦ to 27◦
at the proximal interphalangeal joint and from 37◦ to -5◦ at the
metacarpophalangeal joint. No major complications occurred. Time
to function recovery was 7–10 days and skin trophicity improved
over the treated sites [50]. These results indicate that adipose tissue
and SVF hold promise for the treatment of Dupuytren’s contracture. Ongoing studies are evaluating this technique to determine
the efﬁcacy and recurrence rate comparatively to currently used
techniques.
5. Systemic sclerosis
Systemic sclerosis is a rare auto-immune disease in which
microvascular damage results in ﬁbrosis of the skin and subcutaneous tissue. Involvement of the hands is a nearly consistent feature
that substantially impairs quality of life [51]. Disability due to the
hand lesions accounts for 75% of the overall disability from systemic sclerosis [52]. The main sources of disability are Raynaud’s
phenomenon, acrocyanosis, ischaemic and traumatic digital ulcers,
subcutaneous calcinosis, and ﬁbrosis of the skin. Improving hand
function is a major treatment objective in patients with systemic
sclerosis.
The regenerative, anti-inﬂammatory, immuno-modulating, and
pro-angiogenic effects of SVF and ADSCs have been put to use in
recent years for the treatment of systemic sclerosis lesions, notably
at the ﬁngers. In a mouse model of systemic sclerosis induced by
repeated bleomycin injections, subcutaneous injections of fat and
SVF signiﬁcantly decreased dermal ﬁbrosis and increased local vascularisation [53].
A recent study assessed autologous fat grafting in 21 hands of
13 patients with Raynaud’s phenomenon (secondary in 11 patients
and primary in 2 patients) [54]. The effects included signiﬁcant pain
relief and decreases in the number, duration, and severity of cold
attacks. Del Papa et al. recently reported good outcomes after SVF
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injection to treat digital ulcers in patients with systemic sclerosis
[55]. The ulcers healed within a mean of 4 weeks; the pain was
reduced; and capillaroscopy after 1, 3, and 6 months showed a
signiﬁcant increase in the number of capillaries [55].
SCLERADEC (#NCT01813279) evaluated digital SVF injections
in 12 patients with systemic sclerosis [56], in 2013, under the
direction of Prof. Magalon. SVF was injected subcutaneously, in contact with the neuro-vascular pedicles. The treatment proved safe
and signiﬁcantly improved the hand function scores (Cochin Hand
Function Scale, Raynaud Condition Score, and Scleroderma Health
Assessment Questionnaire) at the 6-month study-completion visit
and at re-evaluation after 1 year [57].
Although these studies have limited statistical power, they support the usefulness of adipose tissue and SVF for the treatment of
hand lesions due to systemic sclerosis. The results of other studies are expected soon. In particular, SCLERADEC II is a multicentre
randomised placebo-controlled double-blind trial of the efﬁcacy of
injections of adipose tissue-derived SVF that is ongoing in France.
Ten ﬁngers of patients with systemic sclerosis will be included.
The primary outcome is the Cochin Hand Function Scale score after
3 months comparatively to the control group.
6. Other applications
The spectrum of applications of adipose tissue-based treatments
has expanded considerably, particularly since the identiﬁcation of
SVF and ADSCs. Many ﬁelds remain to be explored. More speciﬁcally, uses for the multipotency of ADSCsin the ﬁeld of hand surgery
remain to be discovered.
6.1. Bone regeneration
ADSCs can differentiate into osteoblasts and may therefore play
a role in bone regeneration. SVF and ADSCs have been used in
several patients to ﬁll bony defects, with satisfactory outcomes
[58,59]. In a pig model, ADSCs seemed to expedite bone healing
not only when injected directly into the lesion, but also when
administered systemically [60]. This treatment may constitute a
less invasive alternative to bone grafting for bone reconstruction
or the treatment of pseudarthrosis. It may also be useful as an
adjunct to conventional grafting in the treatment of pseudarthrosis
and arthrodesis non-union or of sites at high risk for impaired bone
healing.
6.2. Cartilage regeneration
ADSCs have been reported to differentiate into chondroblasts
in vitro and in vivo [61]. The ability of ADSCs to regenerate cartilage has been demonstrated in animal studies, in which adding
ADSCs allowed the complete reconstruction of articular and extraarticular cartilage defects [62,63]. The management of sequelae,
remodelling, and deformities related to degenerative or posttraumatic osteoarthritis is a major component of everyday hand
surgery. In the future, these new options for achieving cartilage
regeneration may be incorporated into the therapeutic armamentarium available to hand surgeons.
6.3. Nerve reconstruction
The potential of adipose tissue for achieving nerve injury
repair is also generating interest among researchers. For the repair
of major nerve injuries, autologous nerve grafting often results
in donor site morbidity and sometimes produces disappointing
outcomes. Studies in animals (particularly murine models) have
established that ADSCs and SVF enhance nerve regeneration. Di
Summa et al. reported enhanced nerve regrowth within ﬁbrin
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nerve conduitscontaining ADSCs or SVF compared to controls [64].
Uncultured SVF has also been found to markedly enhance nerve
regeneration. Thus, Mohammadi et al. [65] observed a signiﬁcant
increase in sciatic nerve regeneration in vivo in rats treated with
SVF compared to the controls. Beneﬁts of SVF included enhanced
functional recovery, a shorter time to recovery, and improved
muscle trophicity. Immunohistochemistry showed higher numbers of Schwann cell-like cells in the SVF group, as well as
an overall improvement in nerve trophicity, suggesting that the
extracellular matrix components supplied by SVF contribute to
improve Schwann cell proliferation and, therefore, axon regeneration. Finally, Papalia et al. reported that the use of whole adipose
tissue for nerve gap repair slowed functional recovery, indicating
that centrifugation and SVF isolation are indispensable [66]. These
research efforts can be expected to result in promising innovations
for achieving nerve suture and repair, which are common problems
in hand surgery and microsurgery.

6.4. Angiogenesis
SVF and ADSCs have been proven to stimulate local angiogenesis and to correct ischaemia-related tissue disturbances by
promoting neo-angiogenesis and diminishing local inﬂammatory
responses. This tissue regeneration capability has been demonstrated in many studies and numerous ﬁelds including digital
ulcers due to systemic sclerosis [67], healing of skin burns [32,33],
trophicity of tissues exposed to radiation therapy, 36 spinal
cord injury (viapituitary adenylate cyclase-activating polypeptide
[PACAP]) [68], and myocardial regeneration at sites of infarction
(after intramyocardial [69]or intravenous [70] injection). Thus,
SVF may become a major tool for treating ischaemic disorders
and enhancing the vascular supply to areas surrounding tissue
defects, with the goal of increasing the success rate of coverage
procedures.

6.5. Wound healing
SVF and ADSCs have been shown to improve skin healing in animal models. The addition of SVF increased local vascularisation and
ﬁbroblast activity [31,71]. When applied to hypertrophic scars, SVF
signiﬁcantly diminished the production of collagen and blunted the
inﬂammatory response [72]. These effects were ﬁrst demonstrated
in animal models then used to correct facial scars due to burns
or trauma [73]. SVF therapy improved not only cosmesis, but also
skin trophicity and scar tissue pain. In another study, the injection
of autologous fat into painful scars provided substantial pain relief
and improved functional scores [74].
The use of adipose tissue to treat impaired wound healing and
scar tissue pain may constitute an alternative to scar tissue excision.

6.6. Tendinopathies
ADSCs have also been tested for the treatment of tendinopathies.
The injection of ADSCs improved the histological tendon lesions
and normalised the collagen levels within injured tendons [75]. In
rats, ADSC therapy signiﬁcantly beneﬁtted the treatment of experimentally induced rotator cuff tendinitis [76]. In 8 patients with
lateral epicondylitis of the elbow, autologous fat injection around
the epicondyle was effective in alleviating the pain [77].
These data suggest that SVF may have a role in the treatment
of tendinitis. Currently available treatments remain disappointing,
and tendinitis often results in chronic pain and major functional
impairments.

6.7. Skin rejuvenation at the hand
Aging of the hands is due to subcutaneous tissue atrophy,
impaired skin trophicity, and increased visibility of the dorsal veins,
tendons, and bony prominences. The injection of small amounts of
autologous fat can be used to rejuvenate the dorsal aspect of the
hands. After centrifugation, 20 mL of fat is injected into each hand,
using 1- to 3-mL syringes, into the subdermal plane, superﬁcial to
the dorsal veins [78,79].
7. Conclusion
Fat tissue has been a strong focus of scientiﬁc and therapeutic
interest in recent years. There is a large reservoir of readily accessible fat tissue that may be used to create volume or, after isolation
of SVF and ADSCs, to enhance trophicity. Many recent studies have
demonstrated that adipose tissue exerts regenerative effects when
used whole after centrifugation, after isolation of the SVF, or after
in vitro cell culture in the laboratory. The hand can be affected by
a broad array of lesions, whose treatment is likely to beneﬁt from
these new techniques.
Ongoing studies whose publication is expected in the near
future will open up new treatment possibilities with concrete applications in many ﬁelds, some of which may be relevant to hand
surgery.
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