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Abstract

Keywords:

Systemic

sclerosis;

Background: Local treatments such as ultraviolet-A

Lipofilling; PRP; Ultrasound

Digital

ulcers;

(UVA) phototherapy, topical calcitriol, injection of
autologous fat grafting, Platelet-Rich Plasma (PRP),
hyaluronic acid (HA) and local ultrasound (US)
treatment are considered alternative approaches for skin
involvement in Systemic sclerosis (SSc).

Abbreviations: ACD- Acid citrate dextrose; ADSCsAdipose-derived stromal cells; bFGF- Fibroblast
growth factor; BM-MSC- Bone marrow-MSC; CTGFConnective tissue growth factor; DHI- Duruoz Hand
Index; DS- Standard deviation; DUs- Digital ulcers;

The aim of our study was to evaluate the efficacy of PRP
injection and lipofilling or local ultrasound in the
treatment of SSc-related digital ulcers (DUs).

EGF- Epidermal growth factor; EULAR- European
League Against Rheumatism; EUSTAR- EULAR
Scleroderma Trials and Research; HA-Hyaluronic acid;
HAQ-

Methods: We enrolled 28 patients with SSc. At
baseline time (T0), all patients were treated with
Iloprost intravenous infusions. Then, twelve patients
(group 1) received a first inoculation of PRP, after 15
days a second inoculation of PRP and after 15 days a
third of lipofilling. Six patients continued only the
Iloprost therapy (controls). Ten patients (group 2)
underwent medical sessions with ultrasound treatment
for 10 days. Clinical evaluation was assessed at
baseline, after 3 and 12 months of treatment for all
patients.

Results: In our study have shown an improvement in
cutaneous and microvascular level, in quality of life, in
mobility of extremities of upper limbs and a reduction
of administration of Iloprost after PRP-Lipofilling or
US treatment.

Health

Assessment

Questionnaire;

HGF-

Hepatocyte growth factor; IGF- Insulin-like growth
factor; MSC- Mesenchymal stem cells; MRSSModified Rodnan Skin Score; NVC- Nailfold video
capillaroscopy; PDGF- Platelet-derived growth factor;
PGI2- Prostaglandin I-2;PPP- Platelet-poor plasma;
PRP- Platelet-Rich Plasma; RBC- Red blood cells; SScSystemic sclerosis; SVF- Stromal vascular fraction;
TGF: Transforming growth factor; US- Ultrasound;
UVA- Ultraviolet-A; VAS- Visual Analogue Scale;
VEGF- Vascular endothelial growth factor; WB- Whole
blood.

1. Introduction
Systemic sclerosis (SSc) is a chronic connective tissue
disease caused by microvascular damage, inflammation
and excessive deposition of collagen in the skin and
internal organs [1].

Conclusions: Our findings suggest that PRP coupled
with lipofilling or ultrasound treatment in SSc patients,
can be considered additional procedures in the
management of DUs.
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Etiology of SSc is still largely unknown but both genetic
and environmental factors contribute to disease
development [2].
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The initial stage of the pathogenetic process seems to be

Currently, SSc treatment is focused on different

injury to endothelial cells, followed by aberrant vascular

pharmacological interventions based upon evidence-

and immune responses that lead to the excessive

based recommendations published by European League

deposition and accumulation of extracellular matrix [3,

Against Rheumatism

4]. The resultant progressive tissue remodeling can
subvert tissue architecture with the consequent possible

(EULAR) and EULAR Scleroderma Trials and

loss of organ function in end stage disease [5].

Research (EUSTAR) groups in 2009 [16].

Incidence of SSc is estimated between 4 and 43/million

Although there are no specific pharmacological

person years with a prevalence between 88 and

treatments for skin involvement in SSc, many strategies

443/million [6-8]. SSc affects prevalently women with

have been tried [17-19], such as corticosteroids and

a female: male ratio of 3-6:1 [9].

immunomodulators [20], UVA phototherapy [21-23],
topical calcitriol [24] and retinoids [25]. Moreover,

The main clinical features are thickening and fibrosis of

several local therapies have also been investigated to

the skin and internal organs as results of progressive

guarantee a satisfactory aesthetic and functional result,

vasculopathy [10]. Most of patients with SSc experience

especially for facial fibrotic skin changes, such as

marked disability, especially of hands, because of puffy

injection of autologous fat grafting and Platelet-Rich

digits, digital ulcers (DUs), skin sclerosis, cutis

Plasma (PRP) [26, 27] or of a combination of adipose-

calcinosis and pruritus [11]. In particular DUs are the

derived stromal cells (ADSCs) in hyaluronic acid (HA)

most common complication derived from SSc-

solution [28] or of HA and PRP [29].

associated micro vasculopathy and more than 50-70%
of SSc patients report a history of DUs. These lesions

Up to date, the management of DUs relies on systemic

are recurrent and serve as biomarkers of overall disease

treatment such as prostanoids or vasodilator drugs and

severity and organ involvement. Their presence reflects

local therapies, which mainly consist in surgical

the ongoing severe ischemic damage that affects vessels

debridement and application of ointment or specific

in SSc. DUs are characterized by loss of continuity and

wound

depth in the skin, that can be covered by an eschar or

refractory cases or untreatable osteomyelitis may still

necrotic tissue [12, 13]. Patients presenting with DUs

require amputation. In rheumatological clinical practice

experience extreme pain which causes hand dysfunction

defining new procedures to treat DUs represents a major

and negatively impacts on daily activities and work

need and a growing interest on different techniques is

production with a consequent marked disability. In

emerging. The aim of our study was to compare the

addition, the presence of DUs requires a tight follow up

clinical response on SSc-related DUs in patients

with continuous assessment for possible complications,

receiving local therapy with PRP injection and

such as infections that can involve both skin and bone

lipofilling or local ultrasound treatment. All the patients

resulting in osteomyelitis [14, 15].

were treated with conventional therapy (Iloprost).

Journal of Biotechnology and Biomedicine

dressing

such

as hydrocolloids.

Severe
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2. Material and Methods

mimicking the pharmacodynamic properties of PGI2,

2.1 Patients

mainly consisting in inhibition of platelet aggregation

This prospective, open-label, monocentric, multi-arm,

and vasodilatation [33]. 75% of patients received

randomized study was conducted on patients with SSc

treatment with 6-hours Iloprost infusion for 5

recruited from the Rheumatology Section of Policlinico

consecutive days every 4 weeks, while 25% of patients

“Paolo Giaccone” - University Hospital of Palermo.

received the 6-hours infusion treatment every 2 weeks.

We enrolled 28 consecutive patients (19 females, 9

2.2 Physical assessment

males) aged between 38-55 years, with SSc diagnosed

Cutaneous sclerosis and adhesion of the skin to

according

of

underlying planes, skin elasticity, skin texture, skin

Rheumatology/European League Against Rheumatism

appendages, dyschromia, skin sensitivity, functionality

classification criteria for SSc [30-32]. All patients

of microcirculation, pain, mobility, and functionality of

showed skin ulcers.

extremity of upper limbs and quality of life were

to

the

2013

American

College

assessed at baseline (T0), after 3 months (T1) and after
Concomitant infectious disease (i.e., HIV, HBV, HCV,

12 months (T2) of treatment for all patients (group 1 and

syphilis), cancer, neurodegenerative or chronic heart

controls).

disease were considered exclusion criteria.
Group 2 patients were evaluated at baseline (T0) and 3
This study was approved by the Ethical Committee of

months after the last ultrasound session (T1). The

the University Hospital of Palermo and informed

appearance of new ulcers, skin sclerosis and adhesion of

consent was obtained from each patient in accordance

the skin to the underlying planes, the mobility and

with the Helsinki Declaration. (Registration number

functionality of the upper limbs, the extent of pain, and

n.9/2016,19102016).

quality of life were the parameters taken into
consideration in this group of patients.

All patients were treated with Iloprost intravenous (iv)
infusions, the conventional therapy for DUs. Iloprost is

Furthermore, DUs evaluation was performed at baseline

a synthetic prostacyclin analogue characterized by more

(T0), after 3 months (T1) and after 12 months (T2) of

stability and longer half-life compared to epoprostenol,

treatment for all patients (group 1, group 2 and

that is the pharmacological name for the prostaglandin

controls).

I-2 (PGI2), which is a natural metabolite of arachidonic
acid and is produced by endothelial cells. Iloprost acts
Patients’ clinical characteristics are described in Table 1.
Patients n. 28

Value

Women, n. (%)

19 (67.9)

Raynaud, n. (%)

28 (100)

Journal of Biotechnology and Biomedicine
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Digital ulcers, n. (%)

28 (100)

Scleroderma pattern early/active/late n. (%)

16 (57.1)/5 (17.9)/ 7 (25)

mRSS (mean value)

12±2

VAS pain (mean value)

5.75±1.5

HAQ (mean value)

1,8±0.4

Iloprost therapy/2 weeks, n. (%)

7 (25)

Iloprost therapy/4 weeks, n. (%)

21 (75)

Table 1: Clinical characteristics of patients at baseline.
mRSS: modified Rodnan skin score.
VAS: visual analogue scale.
HAQ: health assessment questionnaire.

2.3 Cutaneous sclerosis and adhesion of the skin to

seconds with a negative pressure of 400 mbar, and after

underlying planes

other 3 seconds were needed for the skin to return to its

Cutaneous fibrosis causes adhesion of the skin to

initial position. The value, shown as a percentage, has

underlying planes, this results in the difficulty to lift the

to be related to patient age because skin elasticity could

skin of phalanges in folds. The Modified Rodnan Skin

decrease with increasing age.

Score (MRSS) was calculated to assess the extension of
cutaneous sclerosis [34].

2.5 Microcirculation, Raynaud phenomenon, Digital
ulcers

In MRSS skin thickening was assessed by palpation of

The presence of Raynaud phenomenon and/or DUs,

the skin in 17 areas of the body (fingers, hands,

their extension, associated pain and onset frequency

forearms, arms, feet, legs and thighs, face, chest, and

were assessed by clinical examination. Microcirculation

abdomen) using a 0–3 scale, where 0 = normal, 1 = mild

was assessed by nailfold video capillaroscopy (NVC), a

thickness, 2 = moderate thickness and 3 = severe

highly sensitive, non-invasive imaging technique used

thickness. Total skin score can range from 0 (no

to analyze and quantify capillary abnormalities in the

thickening) to 51 (severe thickening) [35].

nailfold area [36]. NVC was performed by using an
optical probe videocapillaroscope equipped with 100x

2.4 Skin elasticity

and 200x contact lenses and connected to image

Skin elasticity was measured with a Skin Elastometer

analysis software (Videocap; DS MediGroup, Milan

device, a hand-held device that permit, using a probe, a

Italy). The naifolds of fingers were examined in each

non-invasive quantification of elastic properties of skin.

patient; a drop of immersion oil was placed on the
naifold bed to allow the proper visualization of the

The probe was placed on the left cheek and above the

microcirculation.

left upper lip of patients. The skin was aspirated for 3

classified, accordingly to Cutolo et al., into three

Journal of Biotechnology and Biomedicine
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patterns called scleroderma pattern "early", "active" and

2.9 Platelet-rich plasma (PRP)

"late" respectively [37].

Platelet-rich plasma or platelet gel (PRP) is an
autologous thrombocyte concentrate derived from

2.6 Hypomobility and functionality of upper limbs

whole blood. PRP not only contains high levels of

extremity

platelets but is also enriched with growth factors,

Mobility and functionality of acral upper limbs were

cytokines, chemokines, and several plasma proteins.

assessed by physical examination and Duruoz Hand

This specific composition accounts for PRP pleiotropic

Index (DHI). DHI is a self-report questionnaire

effects, especially in regenerative medicine. In recent

designed to evaluate the capacity to carry out manual

years, PRP injections have gained considerable

tasks with no assistance or aids [38, 39]. It consists of

attention as a treatment option for musculoskeletal

18 questions regarding manual activities which are

conditions due to their safety and ability to potentially

grouped in 5 principal domains: kitchen, dressing,

improve soft tissue healing [43].

hygiene, work and other activities. The patient is asked
to evaluate the degree of difficulty he/she experiences

PRP

stimulates

recruitment,

proliferation

and

in completing these tasks (each item can be scored from

differentiation of cells involved in tissue regeneration

0 = no difficulty to 5 = impossible) [40].

through the release from platelets of different growth
factors, such as vascular endothelial growth factor

2.7 Pain
Pain was assessed by the pain Visual Analogue Scale
(VAS). The pain VAS is a straight, 100-mm line (10
cm) that represents continuous pain intensity, where the
extremities indicate “no pain” and “pain as bad as it

(VEGF), epidermal growth factor (EGF), transforming
growth factor (TGF), platelet-derived growth factor
(PDGF), hepatocyte growth factor (HGF), insulin-like
growth factor (IGF), fibroblast growth factor (bFGF)
and connective tissue growth factor (CTGF).

could possibly be.” Patients were asked to indicate their
level of pain (in mm), by marking a single point on the
line [41].

In addition, platelets produce cytokines and chemokines
which prevent the massive recruitment of leukocytes,
thus contributing to the regulation of inflammatory

2.8 Quality of life
Quality of life was assessed by Health Assessment
Questionnaire (HAQ). HAQ includes 8 sections:
dressing, arising, eating, walking, hygiene, reach, grip,

responses and immunological aspects of tissue healing.
PRP also contains proteins known to act as cell adhesion
molecules, such as fibrin, fibronectin and vitronectin
[44].

and activities. There are 2 or 3 questions for each
section. Scoring within each section ranges from 0
(without any difficulty) to 3 (unable to do). The 8 scores
of the 8 sections are summed and divided by 8 to obtain
the final HAQ score [42].

Considering the properties of platelets and in particular
their regenerative potential, it was decided to use a
platelet gel for wound healing process. In our study PRP
was prepared by centrifuge (EBA 200, Hettic),
accordingly to the following procedure [45]:
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-Obtain WB (whole blood) by venipuncture in acid

biocompatible, and abundantly available. In addition,

citrate dextrose (ACD) tubes.

there are no risks of rejection or need for

-Do not chill the blood at any time before or during

immunosuppressive therapy which make this procedure

platelet separation.

appealing and promising for patients affected by

-Centrifuge the blood using a ‘soft’ spin, to separate red

autoimmune systemic disease, such as SSc [48].

blood cells (RBC) from the remaining WB volume.
-Transfer the supernatant plasma containing platelets

The lipoaspirate derived from adipose tissue is made up

into another sterile tube (without anticoagulant).

for 2/3 of mature adipocytes, while the remaining 1/3 is

-Centrifuge tube at a higher speed (a hard spin) to obtain

composed by the stromal vascular fraction (SVF) which

a platelet concentrate.

consists of a heterogeneous population of cells,

-The lower 1/3rd is PRP and upper 2/3rd is platelet-poor

including endothelial cells, erythrocytes, fibroblasts ,

plasma (PPP). At the bottom of the tube, platelet pellets

pericytes, lymphocytes, monocytes/macrophages and

are formed.

an abundant quote of adipose derived stem cells

-Remove PPP and suspend the platelet pellets in a

(ADSCs) [49].

minimum quantity of plasma (2-4 mL) by gently

These latter are a population of adult stem cells,

shaking the tube.

multipotent and able to differentiate into different cell
types [50, 51].

About 15 minutes before injection, anesthetic cream or
lidocaine spray was used on the patient hands to reduce

ADSCs, in addition, have a high angiogenic and anti-

pain. We gave injections in digital areas and, at the end

apoptotic potential, as they secrete multiple growth

of each treatment, an antibacterial cream containing

factors, which work synergistically for pro-angiogenic

gentamicin was used to prevent infection; when

purposes. In particular, ADSCs secrete VEGF, HGF and

necessary, the additional application of a specific cream

TGF [44]. These molecules, which are crucial for tissue

for bruises was advised. Injections were given in the

regeneration, allow a remodeling of the environment in

clinic. No major side effects or complication occurred;

which they are transplanted thanks to a fine regulation

the only side effect reported were some bruises

of several processes: proliferation and differentiation of
stem cells, promotion of angiogenesis and growth of

2.10 Lipofilling

microcirculatory tree, modulation of immune activity of

Lipofilling is a surgical protocol standardized by

self-reactive T and B lymphocytes, decrease in

Coleman in 1997 [46] which can be used to correct soft

production of pro-inflammatory cytokines and increase

tissue defects of the face, trunk and extremities, with

in anti-inflammatory counterpart that leads to a

minimal discomfort for patients [47]. It consists in

generalized reduction of inflammation [52-55].

removing adipose tissue from donor areas such as the
abdomen, thighs or hip area and subsequently transplant

The surgical procedure adopted in our center consisted

it to the receiving areas. Adipose tissue stands out as a

in small skin incisions in the donor areas, through which

“perfect filler” as it is autologous, hypoallergenic,

lipoaspiration cannulas with a tip of 3 mm diameter (10

Journal of Biotechnology and Biomedicine
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gauge) were inserted. Lipoaspiration was carried out

The first incision was obtained by performing a punch

manually in order to preserve as much as possible the

biopsy in the proximal portion of the back of the first

integrity of adipocytes and stem cells present in the

phalanx and fat was delivered through the cannula in the

adipose tissue. The lipoaspirate was left for 20 minutes

form of thin, parallel, and contiguous filaments.

inside syringes in a vertical position to facilitate the
separation of the fat components from the liquid

The next three incisions were practiced using a scalpel

components (oily, blood), according to gravity.

blade on dorsal interdigital skin of each finger. Fat was
then injected linearly in contiguous and non-

Sedimented fat was extracted and placed in a 1 ml

communicating tunnels in the subcutis in the back of the

syringe with Luer Lock type attack connected to a long

hand.

lipofilling cannula of the caliber of 1.5 mm (17 gauge),
that was used to graft into the subcutaneous plane of the

Finally, the incisions were closed with stitches and none

hands (Figure 1).

of the patients developed scars.

Before the grafting, a loco-regional anesthesia was

The procedure was performed in the operating room

performed with adrenaline and 2% mepivacaine. Four

through assisted local anesthesia. Only minor side effect

skin entrances were prepared to allow the cannula to

such as seromas, hematomas and non-severe infections

pass through the skin.

were reported.

Figure. 1: Representative lipofilling execution.

2.11 Ultrasound
Ultrasounds

(US)

human hearing, recently applied as treatment for
are

mechanic sound

waves

wounds healing. US work through a complex

with frequencies higher than the upper audible limit of

interaction between thermic, mechanic, chemical and
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effects and can contribute to decrease inflammation,
increase cellular recruitment and proliferation, boost

Standard protocol consisted in three consecutive

collagen synthesis and promote angiogenesis, wounds

injections, performed every 15 days (first inoculation of

contraction and fibrinolysis [56-58].

the PRP, second inoculation of the PRP and execution
of lipofilling) associated with conventional iv Iloprost

Moreover, US lower frequencies, applied at wound

therapy.

level, determine a decrease in the bacterial count
suggesting a potential additional antibacterial effect

No pain or discomfort were reported at the end of each

[59].

treatment and patients came back home after the
procedure with no need for observation and/or

In fact, several parameters related to US device can be

hospitalization.

modulated, such as frequency, expressed in kHz or
MHz; capacity in terms of intensity W/cm2; release

All patients (group 1) received the standard protocol,

mode that can be pulsed or continuous and treatment

while six patients continued only the Iloprost therapy

interval time period. Via frequency modulation, the

(controls).

impact of US into tissues can be strictly controlled [60,
61].

Ten patients (group 2) were allocated to the US-based
treatment coupled with Iloprost infusions. They

In our study I-Tech UT2, a medical device, CE0476

underwent ten daily medical sessions with US

certified, intended for medical qualified personal only

treatment, from Monday to Friday in two consecutive

was used. The US-dipping technique, with a frequency

weeks.

of 1 MHz, capacity of 1 W/cm2, duty cycle of 60% for
15 minutes a day, was employed. The aim of this US

There were no substantial differences between the

treatment, set with the described parameters, was to

groups at baseline.

increase vasodilatation [56].
No dropout was recorded.
This technique requires the hand immersion in a
sanitized steel bowl of 90 cm diameter, containing 4

2.13 Statistical analysis

litres of water at a temperature between 37-37,5° CA

Results are expressed as mean ± standard deviation

handpiece (5 cm²) is located inside the bowl, 2 cm from

(DS). To analyze differences between outcomes

the body surface area.

measured at different time period, we used both
parametric and non-parametric analysis.

2.12 Study protocol
Our therapeutic protocol was based on the infiltration of

Parametric analysis was conducted using standard one-

distal extremities of the upper limbs, with two different

way repeated measures ANOVA. Non-parametric

autologous components: PRP and adipose tissue
Journal of Biotechnology and Biomedicine
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null hypothesis for the Friedman test was that there were

An improvement in skin texture was found at T1 in 65%

no differences between the outcomes measured at

of patients (group 1) and at T2 in 100% of patients

different time period. Finally, to investigate whether

(group 1) and in 20% of controls (Figure 3A). Skin

treatment was persistent, we also relied on the non-

appeared smoother, softer, more resistant to insults or

parametric Wilcoxon signed-rank test to compare mean

trauma, more toned and showed an improvement in

ranks of each period with the baseline measured at time

atrophy without evident signs of chaps and abrasions.

0. p < 0.05 was considered significant.
Skin appendages, normally located on the whole back

3. Results

of the hand including the phalanges were reduced and

3.1 Cutaneous modification after PRP-Lipofilling

thinned in patients examined at T0.

treatment
At T0 the evaluation of skin thickness through the lifting

A generalized regrowth of skin appendages was

of the skin was impossible in 37.5% of patients, difficult

evidenced in 70% of patients (group 1) at T1 and in

in 37.5% and possible with only mild difficulty in 25%.

100% of the patients (group 1) at T2 respectively. Only
30 % of controls showed an improvement. These results

After treatment (T2) the skin of all patients (group 1)

could be related to an increase in the micro

appeared more elastic and less rigid, despite adhesion to

vascularization related to local treatment (Figure 3B).

the underlying planes still remained, but as shown in
figure 2A mRSS values were not statistically different

Chromatic alterations of the distal extremity of the

between groups at different time points.

upper limb were evidenced in all patients at baseline. In
particular, 60% of patients showed only a slight

At T0 skin elasticity (evaluated on the back of the hand

chromatic variation (Figure 3C) while 30% had a salt

and on the fingers) was reduced in all patients and there

and pepper type dyschromia. At T1 and T2 we observed

were no substantial differences among groups and

a slight improvement of chromatic skin alterations of

controls at baseline. Data obtained by elastometry, as

patients. Skin appeared pinker and vital, because of the

shown in figure 2B-C, failed to show an improvement

increased blood supply, even if the "salt and pepper"

at T2, after standard protocol in all patients when

aspects persisted.

compared to baseline, although elastometry showed an
increase in skin elasticity already from the day after the

At baseline 100% of patients reported alterations of

administration which lasted for the following weeks and

thermal and tactile sensitivity and 25% of these could

then gradually returned to a stable condition until the

not even perceive objects on their skin.

next inoculation.
Sixty % of patients at T1 (group 1) and 100% of patients
All patients had alterations in the skin appearance of

at T2 (group 1) reported an improvement in terms of

distal extremity of the upper limb at baseline.

skin sensitivity at the distal extremities (figure 3D).
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Seventy-five % of controls did not show any

However, the new lesions were fewer, smaller,

improvement.

shallower, less painful, did not tend to become infected,
and showed rapid resolution compared to lesions

3.2 Evaluation of microvascular alteration after

present at T0. There were no substantial differences

PRP-Lipofilling treatment: Raynaud phenomenon,

between the groups at baseline.

NVC and DUs
At

baseline

all

patients

phenomenon

and

NVC

experienced

Raynaud

All patients at baseline reported the presence of pain in

a

the extremities of upper limbs that was associated

scleroderma pattern "late" in 37.5% , "active" in 37.5%

mainly with DUs, but also with Raynaud phenomenon

and "early" in 25% of patients respectively.

or arthralgias. As shown in figure 4C, pain improved

examination

showed

significantly in almost all T2 patients (group 1) respect
Raynaud

to controls. The improvement can be attributed to the

phenomenon continuing to occur, found a marked

reduction of the Raynaud phenomenon and ulcers

improvement at T1 and T2 in terms of reduction in

occurrence.

All

patients

(group

1),

despite

the

frequency, duration, and intensity of attacks.
3.3 Quality of life
In 100% of patients (group 1), already after 3 months

Before treatment, all patients reported a significant

(T1), there was a significant increase in the density of

physical and emotional discomfort, which compromised

the capillary tree and a decrease in the number and

their social and working life. After treatment, a gradual

severity of various aberrant microcirculatory changes

and statistically significant improvement of quality of

(e.g. capillary chains were more regular, capillary

life was shown in patients respect to controls as

ectasias

demonstrated by the reduction of HAQ score values

and

microhemorrhages

in

some

cases

disappeared) (figure 4A).

(figure 4D).

At T0 all patients had DUs, that appeared with extreme

3.4 Hypomobility and functionality of extremity of

frequency. DUs course was long with an average

upper limbs - DHI

duration of 3-6 months, their presence was associated

At baseline we found in almost all patients examined

with severe pain, disability, and risk of infection.

showed hypomobility with difficulty in performing
various daily manual activities. In particular 37.5% of

As shown in Figure 4B, although only a reduction in the

patients had severe hypomobility, related to ankylosis

number of DUs was observed at T1, the total number of

of joint capsules or contracture in flexion of ligaments

new ulcers in all patients (group 1) was not statistically

and tendons of hands due to fibrosis; while 62.5% of

different after 12 months from PRP and lipofilling

patients had only minimal loss of normal hand functions

treatment. Specially, 25% of T1 patients, 90% of T2

without marked signs of structural damage. At T1 90%

patients and 90% of controls experienced new ulcers

of patients (group 1) reported an improvement in

(data not shown).

mobility. In particular, the 37.5% of patients who
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marked improvement, with a partial recovery in the

of US treatment (T1) showed a significant improvement

ability to open fingers and an increase in phalangeal and

of DUs. In fact, during treatment, a decrease in depth

interphalangeal mobility. At T2 63 % of all patients

and diameter of DUs was evidenced, with a complete

(group 1) reported persistence of improvement over

resolution of lesions at the end of treatment in 100% of

time. Sixty % of controls showed improvement at

patients enrolled, as demonstrated by photographic

different time points. (Figure 5A).

records (Figure 5C).
No cases of new ulcers development or side effects were

3.5 In fusional therapy with Iloprost

reported. Phalangeal and inter-phalangeal mobility

As shown in figure 5B at baseline all patients (group 1)

improved

and controls were treated with Iloprost, in particular the

demonstrated by the reduction of 69,2% in the DHI

75% of subjects received iv infusion for 5 consecutive

compared to T0 (72,3 ± 3,2 vs 22,2 ± 4,3; p<0,05)

days every 4 weeks, while the 25% of subjects

(Figure 6A). Even the Rodnan Skin Score showed

underwent iv treatment every 2 weeks.

significant improvement (41 ± 5,2 vs 18 ± 3,4; p<0,05)

together

with

hand

functionality

as

(Figure 6B), with the evidence of more elastic skin,
Following the study protocol treatment, all patients

although underlying adhesion to deeper planes

needed the drug once every four weeks at T2 while

remained. Pain decreased remarkably; VAS reduced

controls did not change the infusion frequency.

from 4.5 (moderate) at T0 to 2.33 (mild) at T1 (p<0,05)
(Figure 6C). A decrease of 72% in the HAQ at T1

3.6 US-based treatment

demonstrated an improvement in quality of life too

All patients (group 2) at the end of ten medical sessions

(2,57 ± 0,31 vs 0,72 ± 0,18; p<0,05) (Figure 6D).

Figure. 2: (A) mRSS mean value of group 1 patients at baseline (T0) and at 12 months (T2) from therapy (p > 0,05)
and control group; (B-C) mean value of elastometry of back hands and fingers of group 1 patients at baseline (T0),
after 3 months (T1) and after 12 months (T2) from treatment.
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Figure. 3: (A) Percentage of group 1 patients with skin texture improvement after treatment (T1 and T2) and
percentage of control group; (B) percentage of group 1 patients with skin appendages improvement after treatment (T1
and T2) and percentage of control group; (C) dyschromia pre- and post-treatment at baseline (T0) and after 3 months
(T1) from treatment; (D) percentage of group 1 patients with skin sensitivity improvement after treatment (T1 and T2)
and percentage of control group.

Figure. 4: (A) NVC images of IV finger pre- and after treatment (T1); (B) number of ulcers (mean values) at T0 at T2
of group 1 patients and control group; (C) VAS Pain score (mean values) modification at baseline (T0) and after 12
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months from treatment (T2) in group 1 patients and in control group; (D) HAQ score (mean values) at different time
points (T0, T1 and T2) and control group.

Figure. 5: (A) Percentage of group 1 patients with mobility improvement after treatment (T1 and T2) and control
group; (B) frequency of Iloprost infusions (percentage) at baseline and after 12 months from treatment (T2). C =
control group; P = patients (group 1); (C) US Representative image of patient’s fingers before and after US treatment.

Figure. 6: (A) DHI mean value of group 2 patients at baseline (T0) and after treatment (T1);(B) mRSS mean value of
group 2 patients at baseline (T0) and after treatment (T1); (C) VAS Pain score (mean values) modification at baseline
Journal of Biotechnology and Biomedicine
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(T0) and treatment (T1) in group 2 patients; (D) HAQ score (mean values) at baseline (T0) and treatment (T1) in group
2 patients.

4. Discussion
DUs are a significant complication of SSc, their

The role of ancillary procedures, involving PRP and fat

presence reflects the almost complete desertification of

transplantation, to treat DUs in SSc patients has yet been

the capillary bed located at fingertips. DUs are

investigated in the last decade but clear information on

associated with severe pain, impairment in hand

how these biological products exert their regenerative

functionality and important aesthetic impact on

activities is still lacking [63].

patient’s quality of life that can be deeply deteriorated.
DUs healing can be a long process which requires high

The rational beneath the use of lipofilling in SSc relies

intensity care with consequently increased healthcare

on the encouraging data that have already demonstrated

resource utilization and associated costs [62].

its beneficial properties in wound care, as for example
in diabetes foot, severe burns, recalcitrant venous

Up to date standard treatments, involving general and

ulcers,

or

ischemic

ulcers

not

suitable

for

local therapeutic strategies, are not sufficient to grant a

revascularization [64, 65]. The adipose tissue is an

significant improvement in DUs natural history, healing

easily accessible source of mesenchymal stem cells

time and recurrence rate.

(MSC), known as ADSC. ADSC share common
features with bone marrow-MSC (BM-MSC) but they

Our study clearly demonstrated that the additional

are easier to obtain and expand in vitro. Moreover,

treatment of DUs with PRP-lipofilling injection or

ADSC compared to BM-MSC from SSc, present a

ultrasound was more effective than vasoactive therapy

preserved phenotype and functional behavior. In

alone in DUs healing. Patients experienced a prompt

particular, ADSC are able to differentiate in several cell

reduction in pain with a significant improvement in

lineages involved in tissue remodeling, they exert a

mobility and in their quality of life. In addition, the skin

marked proangiogenic activity, especially in hypoxia

appeared smoother and more elastic after treatment. The

conditions, and exhibit immunosuppressive properties.

regrowth of skin appendages as well as the reduction in

On the other hand, BM-MSC from SSc patients show a

Raynaud phenomenon attacks rate were related to the

defective

revascularization of the capillary bed at fingertip level

potential as well as a more senescent phenotype [66].

as demonstrated by NVC.

The surgical procedure to obtain adipose tissue was

proliferation

and

immunosuppressive

standardized in 1997 and is now considered a safe and
At the end of treatment, the DUs although they recurred,

easy procedure [46]. Beside ADSC, the lipoaspirate

were fewer, smaller, shallower, less painful, did not tend

contain a wide range of other different cells such as

to become infected and showed rapid resolution. All

pericytes, fibroblasts, immune system cells that can all

patients at the end of the protocol required only a daily

contribute to tissue healing [67].

infusion every 4 weeks.
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The regenerative approach to SSc with fat grafting has

if lesions tend to be less severe in term of size and

been investigated in several previous reports mainly

associated pain. The described techniques require

focused on the treatment of facial and perioral lesions,

highly trained operators to be performed and are

such as microstomia and microcheilia [68, 69].

burdened by high sanitary costs, so there is a constant

However, researchers have also evaluated the role of

need to investigate even other approaches that could be

adipose tissue transfer on DUs with impressive results.

less expensive but effective. In particular, in the last few

In particular Granel et al in 2015 demonstrated the

years, US-based procedures have emerged as alternative

safety and tolerability of finger lipofilling that was

approaches for difficult-to-treat, chronic wounds [77].

capable of improving skin elasticity, Raynaud’s

Several preclinical studies in vitro and on animal

phenomenon and vascularization of upper extremities

models have demonstrated the physiological effects of

[70]. Other reports, in line with our results, confirmed

US that are able to improve cell proliferation, collagen

the positive effect of fat grafting on accelerating the

production, bone formation, and angiogenesis. A

healing time of DUs [71-73].

decrease in pain perception has even been observed in
clinical trials [78, 79]. Promising outcomes were

PRP is rich in platelets, cytokines, and growth factors.

obtained in treating tendon injuries, bone fractures,

This autologous gel is able to enhance MSC

surgical wounds, and indolent ulcers. For these

proliferation boosting the tissue regeneration process

purposes, and in particular for superficial skin lesions,

[74]. The synergistic effect of lipofilling and PRP was

US devices are usually set to low frequency noncontact

evaluated in breast reconstruction surgery. In SSc, Virzì

modalities, as the one used in our study, to ensure

et al. in 2017 investigated the potential of this

beneficial effects without the risk of skin burning [80,

combination therapy for facial-skin lesions. Authors

81]. A previous case report in 2008 demonstrated the

observed a significant improvement in microcheilia,

effectiveness of a 10-weeks low frequency, noncontact,

skin elasticity and vascularization [75]. In the present

nonthermal US therapy (acoustic pressure wound

paper, for the first time, we assessed the positive effect

therapy) in granting the complete resolution of a severe,

of consecutive injections of PRP and lipofilling at hand

complicated DU in a male patient with SSc. The patient

level in SSc patients demonstrating that these

at 6 weeks had no longer need of analgesic drugs. In

techniques can grant a more rapid healing of DUs and

addition, the procedure was painless compared to

an improvement in skin appearance as well as in fingers

classical surgical debridement with optimal patient’s

mobility. Patients experienced a rapid and sustained

compliance [82]. In our group of 10 SSc patients with

decrease in pain level, as demonstrated by the VAS data.

DUs we obtained a complete healing of lesions with ten

The prompt reduction in pain may suggest that ADSC

US sessions over 2 weeks. Pain improved remarkably

secrete neuromodulator molecules, such as neurotrophic

and we evidenced even a significant decrease in DHI

factors, that are able to interfere with pain genesis and

and HAQ scores. Skin appeared softer and smoother.

transmission [76].
Up to date US-based treatment still lack guidelines on
Although the good results obtained with injection

dose range and possible side effects for each specific

treatment with PRP or adipose tissue, DUs recur, even

lesion to treat. Further studies on larger cohorts are
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needed to standardize the technique but, in our opinion,

Ethics approval and consent to participate

US represent a promising adjunctive treatment for DUs

This study was approved by the Ethical Committee

and for the overall hand involvement in SSc.

of the University Hospital of Palermo and
informed consent was obtained from each patient

5. Conclusion

in accordance with the Helsinki Declaration.

To our knowledge this is the first study that evaluated
the effect of PRP coupled with lipofilling, or ultrasoundbased treatment in SSc patients who present DUs. Our
results suggest that these techniques, classically applied
to regenerative medicine and wound care, can become

Consent for publication
Consent for publication has been obtained from all
patients.

useful ancillary procedures in the rheumatologist
toolbox. To obtain good results, a holistic approach to
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the patient is mandatory and the collaboration with
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highly trained colleagues, such as plastic surgeons with

included in this published article. The datasets
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expertise in ultrasound treatment of soft tissues is

available from the corresponding author on

required.

reasonable request.

The improvement in patient quality of life stands out as
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