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ABSTRACT

Facial symptoms of systemic sclerosis (SSc)—such as reduced skin elasticity, fibrosis and microstomy—significantly impact
quality of life. In recent years, autologous fat grafting has emerged as a promising treatment for these issues, but determining the
optimal timing and techniques for fat injection remains a challenge for surgeons. Our study aimed to perform a systematic review
of the available literature to establish a standardised protocol for this procedure. We reviewed all relevant studies published up to
18 August 2023, focusing specifically on diffuse facial scleroderma. In addition to clinical reports, we included articles discuss-
ing the pathophysiological mechanisms behind the effects of adipose stem cells. A total of 18 articles were analysed, revealing
a range of methods and timelines for the procedure. The volume of fat injected varied from 6 cc for perioral treatment to 72cc
for a full-face approach, with treatment intervals ranging from one session per year to one every 3 months. On average, around
50% of the fat was reabsorbed within 6 months. Adipose stem cells were identified as a key factor in both tissue regeneration and
fat resorption rates. This review supports the effectiveness of autologous fat grafting for facial scleroderma, emphasising the
role of adipose stem cells. For optimal results, two procedures spaced 3—6 months apart, followed by annual maintenance, are
recommended. Consistent fat volumes in different facial areas are essential to achieve longer-lasting outcomes and minimise

resorption.
1 | Introduction of skin and internal organs and by vasculopathies. The mani-
festations of this disease are very variable and can drastically
Systemic sclerosis (SSc), also called scleroderma, is a rare, reduce the quality of life or can be potentially fatal [1]. In fact,

immune-mediated rheumatic disease characterised by fibrosis morbidity and mortality are higher than any other rheumatic
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pathologies, except for patients with only diffuse cutaneous scle-
rosis who have a better survival.

Although SSc is multisystemic, skin involvement remains chal-
lenging and is often used to assess the prognosis of the disease.
The progression of cutaneous SSc goes through three stages:
edematous, sclerotic and atrophic. In the advanced form, the
skin manifestations are characterised by loss of elasticity and
fibrosis. These cutaneous alterations cause the typical ‘mask
appearance’ to the face with microstomy and reduces buccal
opening, that compromise the functional and aesthetic features
of the face. The typical first-line therapy for patients with early
progressive cutaneous disease is Methotrexate. Rituximab is a
viable alternative in case of diffuse skin form with joint involve-
ment, and it is the first choice in case of cutaneous manifesta-
tions associated with interstitial lung disease [2]. Microstomy
can have benefits with botulinum toxin treatment and hyal-
uronic acid injection [3].

Recently, the adipose tissue grafting has been recognised as a vi-
able treatment option that can improve and slow down the skin
manifestations of SSc, thanks to the pro-angiogenic and im-
munosuppressive effect and the differentiation potential of the
adipose-derived stem cells (ASCs) [4]. In particular, ASCs seem
to reduce collagen deposition in various in vitro and in vivo fi-
brosis models, encompassing pulmonary fibrosis, hypertrophic
scar fibrosis and radiation-induced fibrosis [5]. As reported in
the literature, however, there are still debated aspects regarding
the use of fat grafting. First of all, the choice of the correct phase
to start the treatment is crucial to prevent the disease from being
aggravated by the administration of the fat graft. According to
the literature, the post-treatment fat retention at 6 months after
the procedure is only 50%. Therefore, an over-injection of about
20% is advisable, considering at the same time that an excessive
injection can cause increased skin tension or, in the most serious
cases, necrosis and that increased fat grafting can also decrease
fat graft take [5, 6].

As described, there is no common line on the number of ideal
treatments to perform, on the interval time between one injec-
tion and the next, and on the correct follow-up to evaluate the
benefits of the treatment.

Therefore, a systematic review of the literature was conducted
on fat grafting treatment in patients with facial manifestations
of SSc, considering the doubts that currently exist on this topic.
The aim of this study was to focus on the main aspects found in
the literature about methods and timing of the procedure, clari-
fying current uncertainties and the role of ASCs to define a new
injection protocol.

2 | Materials and Methods
2.1 | Study Protocol

The review was performed according to the protocol of the
Preferred Reporting Item for Systematic Reviews and Meta-
analyses (PRISMA) statement [7]. The review protocol was
designed a priori, defining methods for collecting, extracting
and analysing the data. Two authors independently evaluated

data from eligible studies, which were then checked by a third
author.

2.2 | Search Strategy and Eligibility Criteria

The literature research was conducted using different databases:
PubMed, Web of Sciences, MEDLINE, Embase, Scopus, Google
Scholar and Cochrane Library. The search was performed using
the combination of the following keywords: ‘scleroderma’ OR
‘systemic sclerosis’ AND ‘fat graft’ OR ‘Lipofilling’ OR ‘fat trans-
fer’ OR ‘fat transplant’ OR ‘adipose tissue-derived stem cells’.
The research covered all the literature on the topic up to the 18
August 2023. Duplicates were selected and then removed using
Endnote online software (Clarivate Analytics). Only the papers
in English language were included in the study; similarly, only
the studies on humans and the articles with an abstract were
considered for the review. The records assessed for the eligibility
were fully read and screened.

In the present systematic review, all the studies that evaluated
the efficacy of autologous fat transfer for the treatment of the fa-
cial manifestations of SSc were included; the papers had to con-
tain information about the surgical procedure, the amount of
injected fat, timing of procedures and outcomes. Only the stud-
ies that had as primary endpoint the description of the injection
methods and the obtained outcomes, and the molecular basis of
fat transplantation were considered for the review. The articles
that considered other causes of facial sclerosis or localised form
of scleroderma, such as ‘coup de sabre’ and morphea, were ex-
cluded. Similarly, the papers about other types of treatment or
about the combination of fat with plasma rich in platelets (PRP)
or hyaluronic acid were excluded. Moreover, articles explaining
the pathophysiological mechanism of action of human ASCs on
facial scleroderma were equally considered and included in the
review.

2.3 | Data Extraction

Data extracted from the included studies were about: the type
of study, the number of analysed cases, the type of used surgical
technique, the timing of the performed procedures, the obtained
outcomes and the complications that occurred. In particular, the
review analysed: - the processing mode of adipose tissue, such
as centrifugation, sedimentation or filtration;-the amount of fat
injected into specific facial regions;-how many procedures were
performed in 1year and how many months apart; the outcomes
in terms of improvement of skin elasticity, mouth opening, aes-
thetic appearance and pain;-the complications of the procedure;-
the pathophysiological mechanism of action of adipose tissue
and, in particular, of the stem cells.

3 | Results
3.1 | Studies Selection
A total of 332 articles were initially identified from the different

Databases; of these, three studies were excluded because they
were not in the English language and 71 duplicated studies were
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[ Identification of studies via databases and registers ]

FIGURE1 | PRISMA 2020 flow diagram for new systematic reviews.

removed. The remaining 258 papers were screened for the titles,
so 220 not pertinent articles were excluded; thus, papers without
abstracts (n=>5) and studies on animals (n=3) were removed.
Thirty articles were assessed for eligibility and, thus, scrutinised:
after the exclusion of studies not satisfying the selection criteria,
18 studies were included in the systematic review [8-25]. The
PRISMA flow-diagram is illustrated in Figure 1.

3.2 | Studies Characteristics

The articles were divided into two tables, based on the main
topic: the general features of the studies about the injection pro-
tocols were described in Table 1 while papers about the role of
ASCs were shown in Table 2. In general, six studies were per-
formed in Italy [7, 9, 14, 15, 21, 24], four in France [13, 16, 23, 25],
three in the USA [12, 17, 18], two in the United Kingdom [11, 22],
one in Israel [8], one in Slovenia [20] and one in Iran [10]. The

Records identified from the Records removed before
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g > because not in English
= language (n =3)
s Duplicate records removed
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design of most studies was observational prospective (55.6%);
the remaining articles were narrative reviews (27.8%), case se-
ries (11.1%) and observational retrospective (5.5%). Not consid-
ering the narrative reviews, all the studies were performed in a
single centre (Table 2).

3.3 | Data Analysis

3.3.1 | General Features of Articles About Injection
protocols [8-19]

A total of 313 patients with facial manifestations of systemic
scleroderma were considered in this systematic review; 91.4% of
cases were females, with a F:M ratio of 10.7:1. The average age
was 42.5 (range: 17-78years). The most commonly reported fa-
cial symptoms were perioral rhytids, skin tightening and hard-
ening, accentuated nasolabial and marionette wrinkles, malar
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| (Continued)

TABLE 1

Timing of
procedures

N cases
(sex/age)

Study

Author/
year

Complications

Outcomes

Surgical procedure

Study design

location

Complications

At 6 months follow-up, improvement of:

- Mouth opening

Two

procedures,

Autologous fat grafting

10
10F

(range
25-78y)

USA Observational

Strong

spontaneously

resolved in a
Few days:

(centrifugation 3000 rpm x 3min and

sedimentation):

prospective

2021 [19]

- Oral sicca syndrome

6 months
apart, in

- Aesthetic aspect of facial skin fibrosis

- pain

- 10cc forehead, scalp and glabellar

Minimal bruising

- Pain

lyear

region
- 8cclips

- Minimal bruising

- swelling

- 6c¢c nasolabial folds
- 17cc malar region

- 8cc marionette lines

- 3ccchin

volume depletion, mouth opening limitation, pain, oral sicca
syndrome and quality of life impairment.

3.3.2 | Fat Grafting Harvest, Processing Mode
and Injection [8-19]

In all cases autologous fat graft was harvested: in 70% of cases fat
was processed by sedimentation; in the remaining 30% of cases,
centrifugation and filtration were used to process adipose tissue.
In particular, for the centrifugation mode, different settings were
reported in revolutions per minute (rpm), whereas other settings
were reported as g-force (g); 1200rpm X 2 min was used to harvest
microfat, while 1300rpm for 10min was used for nanofat.

The total volume of injected fat graft and the number of
treatments were different between patients, considering the
volume depletion and the skin elasticity at the time of presen-
tation. In general, the volume of injected fat ranged from 6cc
for only the perioral region to 72cc for a full-face approach;
in particular, the specific volumes injected in the different re-
gions were:

« 2-6cc for the lower lip;

« 2-6cc for the upper lip;

« 4-8cc for the nasolabial folds;

e 4-8cc for the marionette lines;

o 2-6c¢c for the chin;

« 4-17cc for the malar region;

« 10cc for the forehead and the glabellar region;

« 10cc for the scalp.
The timing of the procedures varied greatly, ranging from one
procedure in 1lyear to one procedure every 3months. In par-
ticular, in 50% of cases, one procedure inlyear was reported;
in 33.3%, one procedure every 6 months was described, while

in the remaining 16.7% of cases, two procedures were repeated
3months apart in 1year.

3.3.3 | Outcomes and Complications [8-19]

Regarding the follow-up, in 41.7% the clinical outcomes were
evaluated at 1year, in 33.3% at 6 months while in the remaining
25% performed at 3 months follow-up. In all cases, the following
improvements were recorded:

« Increase in mouth opening from 0.85 to 1 cm;

« Reduction of skin hardness evaluated with durometer;

« Increase in the number of capillaries evaluated with
capillaroscopy;

» Xerostomy reduction;

« Decrease of facial skin fibrosis evaluated with Rodnan skin
score;

« Decrease of pain.
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Regarding the complications, the most reported complications
were a minimal bruising (50% of studies) and pain (50% of stud-
ies); other recorded complications were swelling and ecchymosis
(41.7% of studies), perioral sensitive manifestation and trigemi-
nal neuralgia (8.3% of studies).

3.3.4 | Role of ASCs in Improvements of Facial Skin
Elasticity and function [20-25]

In the articles about the role of ASCs, 23 women with SSc
underwent sampling of adipose tissue to study the character-
istics of these cells. The underlying mechanism of action of
ASCs was suppressing excessive collagen synthesis and expe-
diting the collagen remodelling process through the secretion
of cytokines that inhibit fibroblast differentiation into myo-
fibroblasts and the production of collagenase [20-22]. In in-
flammatory microenvironments, such as in scleroderma, the
immunomodulatory effects of ASCs contributed to enhancing
tissue structure by inhibiting local inflammation. This capa-
bility enabled them to effectively disrupt the inflammatory
response, offering potential benefits for treating individuals
with scleroderma. Adipose stem cells resulted in secreting fac-
tors like indoleamine 2,3-dioxygenase and nitric oxide, which
respectively induced apoptosis in T cells and natural killer
cells responsible for the abnormal deposition of collagen, pro-
teoglycans and elastic fibres [21]. Additionally, these stem
cells demonstrated the secretion of anti-inflammatory cyto-
kines, including interleukin-10, which inhibited the release
of pro-inflammatory mediators, reduced antigen presentation
and diminished phagocytosis [24, 25]. Collectively, these find-
ings suggested that one of the mechanisms through which fat
grafting enhanced outcomes in scleroderma patients was by
limiting inflammation. Fat grafting demonstrated, moreover,
the ability to enhance angiogenesis by serving as a rich source
of cells and growth factors that facilitated angiogenesis and
supported the survival of endothelial cells [23]. Both endothe-
lial cells and vascular smooth muscle cells have been observed
to contribute to the formation of new blood vessels, supplying
nutrients to the newly transplanted fat. Additionally, adipose
stem cells played a crucial role by providing growth factors to
the vascular cells in a paracrine manner. Collectively, these
investigations suggested that fat grafting had the potential to
stimulate angiogenesis by providing the necessary cell types
for the generation of new blood vessels [24, 25].

In conclusion, the review of these articles confirmed that fat
grafting diminished the clinical manifestations of fibrosis,
likely attributed to the effects of the stem cells present in the
processed adipose tissue. Adipose stem cells released a profu-
sion of anti-inflammatory cytokines that mitigate the trans-
formation of fibroblasts into myofibroblasts, consequently
reducing the deposition of collagen and other extracellular
matrix proteins in the skin and organs. Moreover, adipose
stem cells, when exposed to stressful environments, secreted
an abundance of matrix metalloproteinases and collagenase
capable of degrading the extracellular matrix. These findings
strongly suggested that the stem cells component of the fat
graft had the potential not only to prevent the deposition of
collagen and other extracellular matrix proteins but also to re-
verse the underlying fibrosis.

4 | Discussion

The facial manifestations of SSc are very frequent, occurring in
about 90% of cases of the diffuse forms of this pathology. The
mechanism underlying these manifestations is the excessive
fibrosis and vascular deregulation tissue damage, mediated by
vascular endothelial growth factor (VEGF in particular iso-
form A involved in angiogenesis process), endothelin 1, platelet-
derived growth factor (PDGF), in particular the isoform BB
that is related to inflammation, basic-fibroblast growth factor
(FGF-b), overexpression of collagen and tumour necrosis fac-
tor alpha (TNF-a) and chemokine alterations. The skin fibrosis
determines an a-mimic face, a development of vertical furrows
around the mouth, a sharp nose, thin lips, occurrence of telan-
giectasias and pigmentation abnormalities (hypopigmentation
and hyperpigmentation); the salivary gland and mucosal fibro-
sis determines Oral Sicca syndrome (in approximately 70% of pa-
tients with SSc), decrease of mouth opening (of about 40%) and
pain during chewing and swallowing movements, with conse-
quent limitation of feeding and dental care [17].

Over the years, the conventional treatment was based on a fa-
cial stretching programme approach, such as connective tissue
massage, kinesitherapy and Kabat's technique [26], or systemic
therapies, such as Endothelin receptor antagonists, Rituximab,
recombinant human erythropoietin, granulocyte colony stimu-
lating factor (G-CSF) and calcium channel blockers [27], photo-
therapy and intense pulsed-light treatment [28]. However, these
solutions on one side depend on the continuity of the treatment
and on the availability of materials/equipment; on the other
side, they can expose the patient to adverse/allergic reactions
and they do not have a regenerative effect [29]. Thus, in recent
years, autologous fat transplantation as a regenerative and trans-
lational approach [30] has become a valid alternative to conven-
tional treatment, due to easy accessibility and absence of foreign
material reactions.

The effectiveness of adipose tissue in the treatment of SSc has
been already demonstrated in literature by different authors.
The mechanism underlying the effect of fat graft is supported by
ASCs that may reverse the fibrotic pathway, modulating the an-
giogenesis, the immune response and the transforming growth
factor beta-1 (TGFf1) signal [5, 12]. In particular, recent scien-
tific research has shown that fat grafting is able: - to improve
angiogenesis by providing growth factors to promote endothe-
lial cell survival; —to reduce fibrosis by increasing collagenase
activity and limiting deposition of extracellular matrix proteins;
—to provide stem cells that, by proliferating and differentiating,
can be a tissue support [22, 23, 25, 31, 32]. In particular, both
basic research and clinical observations have indicated that fat
grafting exerts a therapeutic impact on scleroderma, enhancing
skin fibrosis and diminishing pigmentation [12, 33].

According to the literature, there are multiple donor sites for fat
harvesting. In particular, the lower abdomen and inner thigh
contain a higher density of ASCs. Those of the thigh have a
higher angiogenic and adipogenic potential [34].

Some authors affirm that fat harvesting by barbed cannula is
superior to the smooth one because it gives greater availability
of ASCs. Moreover, the harvesting should be performed in the
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superficial layer of the subcutaneous tissue because it contains
more stromal vascular fractions (SVFs) cells [35-37].

After the harvesting, the fat graft must be distributed diffusely,
with very moderate injections and through small cannulas.
Post-procedure, the injected region must remain immobile for
approximately 5-7 days to support the function of the ASCs and
prevent damage to the new vessels [35].

However, the concepts that are still a challenge for many authors
concern the appropriate timing of administration and the right
amount of fat to inject, in order to obtain more effective and last-
ing results. Wang et al. [6], in their article, confirm the confusion
about the current clinical practise, questioning how and when to
perform the procedure. Strong et al. [18], in their study, had laid
the foundations for treatment guidelines for SSc with autologous
fat grafting; however, confirming the need for further studies to
investigate the timing and the number of treatments, the volume
and the site of injection, the effect on the recipient site and the
longevity of the fat grafting.

Therefore, the authors of this paper carried out a systematic
review of all the available literature on this topic up to August
2023, to provide a therapeutic protocol regarding the methods
and timing of the fat graft procedure, based on the biological
features of ASCs.

First of all, it is paramount to determine the optimal time to
begin treatment: several authors recommend performing the
first procedure at earlier stages of the disease, before limited fa-
cial expression, preventing the irreversible deformity that can
result from the skin fibrosis and hardening. Moreover, Strong
et al. [18] advise starting fat administration earlier than vascu-
lar compromise and in a passive phase of the disease. In fact,
the authors have hypothesised that when the lesions are active,
as when there are signs of spreading, the chance of fat survival
decreases [18, 38]. Thus, the analysis of the studies included in
the systematic review confirms that it is advisable to start the
treatment before the onset of these complications.

Regarding the processing procedure of fat, the three main re-
ported techniques are centrifugation, gravity sedimentation
(decantation) and filtration [39]; to date, there is no unanimous
consensus regarding specific procedural guidelines and indica-
tions, but the analysis of our data reveals that for most authors,
filtration more effectively eliminates contamination from other
cells and has a higher long-term retention rate [17, 18, 40]. For
other authors, centrifugation at 700/1200g for 3min preserves
intact ASCs with improved cellular functions and increases SVF
density in proportion to the depth of harvest [10, 12, 14, 19, 35].
Despite this evidence, challenges persist in achieving substan-
tial fat retention. Emerging techniques in fat grafting may offer
potential solutions to address this intricate issue, but further
research is needed to substantiate their efficacy. For example,
Nanofat grafting is extracted using a mechanical process that
disrupts most mature adipocytes and certainly does not achieve
true nanoscale standards [41]. Nanofat grafting is deemed
suitable for tissue revitalization, such as improving skin tex-
ture, and it can enhance the concentration of cytoactive ASCs.
Otherwise, SVF is obtained from mechanicallydigested fat tis-
sue and encompasses a heterogeneous cell population, including

endothelial cells, haematopoietic cells and a minor fraction of
ASCs (less than 3%) [42]. However, there is still no evidence in
the scientific literature that these alternative methods of adipose
tissue purification are effective in treating patients with facial
scleroderma. In vitro studies are promising, as these mechanical
methods can isolate the SVF or ASCs, making them potentially
more effective for targeting scleroderma [43-45].

The second key point is to establish how much fat to inject into
the various facial regions and at what time interval: several
authors have hypothesised that a second round of fat grafting
gives better and longer-lasting results because with the first
injection the skin has improved its elasticity and laxity and is
ready to receive larger volumes of fat [46, 47]. Therefore, many
authors recommend performing two or additional rounds of
fat transplant spaced out by months according to the sever-
ity of the pathology [19, 23 25]; our systematic review reveals
that it is advisable to perform one injection at time 0, then
another infiltration after 3 or 6 months, according to the se-
verity of the clinical manifestations, due to the higher skin
elasticity and laxity after the first procedure, and finally main-
tenance infiltrations every 6 months for the first 2years and
then once a year. In fact, a general fat resorption of about 50%
was recorded in all the analysed studies at 1year follow-up;
in particular, Strong et al. [18] reported a different resorption
according to the considered regions: 25%-49% in the forehead
and glabellar region, 75% in the chin and 21%-35% in the lips
and perioral region, probably related to the applied muscle
force. Consequently, the need to inject the right minimum
quantities of fat into specific facial regions appears to be man-
datory, in order to obtain less reabsorption and lasting results.
For this reason, by processing the data of our systematic re-
view, we have proposed a basic injection protocol to consider
for the first fat transplant, adjusting the quantities within the
indicated ranges, based on the initial skin elasticity and on the
disease severity (Figure 2). This protocol can be useful on the
one hand as a treatment guideline aimed at obtaining minimal
fat resorption, on the other hand to avoid injecting excessive
amounts of fat that could stretch or even ischemize the skin.
It is advisable to avoid an over-correction greater than 20%,
both because the greater tension can cause ischemic skin ne-
crosis and because the central core of the fat graft may not be
sufficiently vascularized. In this case, the fat graft reabsorbed
more quickly [6].

Asreported in the literature, the addition of stem cells and plate-
let concentrates such as platelet rich plasma (PRP), platelet rich
fibrin (PRF) and concentrated growth factor (CGF) to fat has
been proposed to prolong its retention at the receiving site and
to increase its quality. In addition, PRP has an antiphlogistic
action, promotes coagulation, stimulates tissue regeneration
and in combination with fat has a synergistic effect in patients
with SSc [35, 48, 49]. Other techniques to redefine the face have
been described [50], although their use has not been specific to
scleroderma patients. An interesting element that emerges from
the review is that the disease microenvironment may substan-
tially affect the fate of ASCs by directing their pathologic activa-
tion (pro-fibrotic action): in fact, in local administrations (face,
hands) an anti-inflammatory and regenerative mechanism is ac-
tivated while in systemic administrations (organs) a pro-fibrotic
mechanism could be activated [24]. For this reason, fat grafting
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FIGURE 2 | New injection protocol of fat grafting for facial manifestations of scleroderma.

is currently recommended only for the treatment of facial and
hands manifestations, but not for systemic treatments.

Our future perspective will be to carry out an observational pro-
spective study, employing our proposed injection protocol.

The limit of our study is that we were unable to perform a meta-
analysis due to the mainly qualitative and non-quantitative data
results.

5 | Conclusions

The facial manifestations of SSc can be very disabling for the pa-
tient both in aesthetic and functional terms. Many authors have
already demonstrated that autologous fat grafting can be a valid
treatment to improve signs and symptoms of this disorder, but
a standard protocol on the method and timing of administra-
tion has not yet been defined. Our study aims to define a stan-
dardised protocol, performing a systematic review on the topic.
The data obtained from our systematic review seem to confirm
that autologous fat grafting is a valid treatment for the improve-
ment of the facial manifestations of SSc, due to the ASCs' prop-
erties of suppressing excessive collagen synthesis and inhibiting
local inflammation. The clinical relevance of this study consists
of providing a standardised protocol that can guide the surgeon
to obtain a lower resorption rate and more long-lasting improve-
ments in terms of aesthetic and functional outcomes. In partic-
ular, it seems to be appropriate to carry out two administrations
at 3 or 6months apart, according to the severity of the case, and
then an annual maintenance administration. It is important to
inject pre-established minimum quantities of fat to the differ-
ent facial regions to obtain longer-lasting results and to avoid
excessive resorption. For this reason, we believe that following
our injection protocol based on the systematic review data, the
resorption rate can be lower and the improvements can be more
lasting. On the other hand, the administration for the treatment
of systemic symptoms is not recommended.
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