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Luca Parenti . Luca Magnani . Gilda Sandri . Gianluigi Bajocchi .

Marta Starnoni . Giorgio De Santis . Carlo Salvarani .

Dilia Giuggioli

Received: January 28, 2022 /Accepted: March 1, 2022 / Published online: March 25, 2022
� The Author(s) 2022

ABSTRACT

Introduction: Skin ulcers (SU) represent one of
the most frequent manifestations of systemic
sclerosis (SSc), occurring in almost 50% of scle-
roderma patients. SSc-SU are often particularly
difficult to treat with conventional systemic
and local therapies. In this study, a preliminary
evaluation of the role and effectiveness of blue
light photobiomodulation (PBM) therapy with
EmoLED� in the treatment of scleroderma skin
ulcers (SSc-SU) was performed.
Methods: We retrospectively analyzed 12 con-
secutive SSc patients with a total of 15 SU on
finger hands. All patients were treated with
adequate systemic therapy and local treatment

for SU; after a standard skin ulcer bed prepara-
tion with debridement of all lesions, EmoLED�

was performed. All patients were locally treated
every week during 2 months of follow-up; SU
data were collected after 4 weeks (T4) and
8 weeks (T8). Eight SSc patients with compara-
ble SU were also evaluated as controls.
Results: The application of EmoLED� in addi-
tion to debridement apparently produced faster
healing of SU. Complete healing of SU was
recorded in 41.6% cases during EmoLED�

treatment. Significant improvements in SU area,
length, and width, wound bed, and related pain
were observed in EmoLED� patients from T0 to
T8. Control subjects treated with standard sys-
temic/local therapies merely showed an ame-
lioration of SU area and width at the end of the
follow-up. No procedural or post-procedural
adverse events were reported.
Conclusions: The positive clinical results and
the absence of side effects suggest that
EmoLED� could be a promising tool in the
management of SSc-SU, with an interesting role
to play in the healing process in addition to
conventional systemic and local treatments.
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P. Macripò � F. Lumetti � L. Parenti � G. Sandri �
D. Giuggioli (&)
Scleroderma Unit, Chair and Rheumatology Unit,
Medical School, University of Modena and Reggio
Emilia, Azienda Ospedaliero-Universitaria,
Policlinico of Modena, Policlinico di Modena, Via
del Pozzo, 71, 41125 Modena, Italy
e-mail: dilia.giuggioli@unimore.it

L. Magnani � G. Bajocchi � C. Salvarani
Unit of Rheumatology, AUSL-IRCCS of Reggio
Emilia, Reggio Emilia, Italy

M. Starnoni � G. De Santis
Division of Plastic Surgery, Department of Medical
and Surgical Sciences, University of Modena and
Reggio Emilia, Azienda Ospedaliero-Universitaria,
Policlinico of Modena, Modena, Italy

Rheumatol Ther (2022) 9:891–905

https://doi.org/10.1007/s40744-022-00438-9

http://orcid.org/0000-0003-4941-8507
http://orcid.org/0000-0002-0947-8663
http://orcid.org/0000-0002-7339-3234
http://orcid.org/0000-0001-5840-7290
http://orcid.org/0000-0003-4671-7982
http://orcid.org/0000-0003-0454-1093
http://orcid.org/0000-0002-6430-800X
http://orcid.org/0000-0003-0052-5061
http://orcid.org/0000-0002-6717-5767
http://orcid.org/0000-0001-5426-5133
http://orcid.org/0000-0002-0041-3695
http://crossmark.crossref.org/dialog/?doi=10.1007/s40744-022-00438-9&amp;domain=pdf
https://doi.org/10.1007/s40744-022-00438-9


Key Summary Points

Skin ulcers represent one of the most
frequent manifestations of systemic
sclerosis. They are painful, recurrent, hard
to heal, carry an increased risk of
infection, and are frequently responsible
for pain and disability.

Photobiomodulation (PBM) with blue
light was recently studied in the
management of hard-to-heal wounds.

Our project could be considered a pilot
study that primarily served to assess the
feasibility and safety of the EmoLED�

device; we also aimed to evaluate the
treatment efficacy in the heterogeneous
framework of SSc-SU.

The application of blue light PBM with
EmoLED� in addition to debridement
apparently produced faster healing of SU,
with the formation of granulation tissue
and regularization of margins.

EmoLED� could be a promising safe,
effective, noninvasive tool to treat SSc-SU,
with an interesting role to play in the
healing process in addition to
conventional systemic and local
therapies.

INTRODUCTION

Systemic sclerosis (SSc) is a connective tissue
disease characterized by endothelial dysfunc-
tion, autoimmunity abnormalities, and fibrosis
of the skin and internal organs [1–3]. Skin ulcers
(SU) represent one of the most frequent mani-
festations of SSc, occurring in almost 50% of SSc
patients. SSc-SU are painful, recurrent, hard to
heal, and carry an increased risk of infection,
osteomyelitis, and gangrene, sometimes requir-
ing amputation. They are frequently responsible
for pain and disability, which can severely affect
SSc patients’ quality of life [4–9]. Standard

systemic and local approaches may support
wound healing [9–11]. In our experience
[12–15], the therapeutic approach for SSc-SU
should be invariably tailored to the individual
patient on the basis of both the general clinical
conditions and careful evaluation of a single
skin wound. Systemic and local treatments
encompass both pathogenetic and symptomatic
drugs, as well as different nonpharmacological
measures [9]. However, a significant percentage
of scleroderma skin ulcers still represent a
challenge to clinicians. Photobiomodulation
(PBM) with blue light was recently studied for
the management of hard-to-heal wounds.
Despite several published research papers, the
mechanism underlying photobiomodulation is
still not completely understood, and the appli-
cation of blue light to improve wound healing is
a relatively new research area [16–22]. In the
setting of research into new therapies that sup-
port and stimulate the healing processes of
wounds, a medical device emitting blue light
(EmoLED�) has been developed. The principle
of this medical device is based on light energy
transfer from the tool to the patient. The light
energy interacts with some endogenous chro-
mophores in the blood and skin, activating the
photobiomodulation mechanism and thus
stimulating the physiological processes of
wound healing. The application of medical
devices utilizing blue LED light in animal
models has been extensively analyzed [17, 23],
and has demonstrated their efficacy and safety.

The aim of this study was to evaluate the role
and effectiveness of EmoLED� blue light pho-
tobiomodulation therapy, in addition to stan-
dard treatments, in the management of SSc-SU.
Our project can be considered a pilot study that
primarily served to assess the feasibility and
safety of the device but also aimed to evaluate
the efficacy of this treatment in the heteroge-
neous framework of SSc-SU.

METHODS

We retrospectively evaluated the effects of
EmoLED� in the local treatment of SSc-SU in 12
consecutive SSc patients referred to our sclero-
derma unit during the last year. Over the same
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period, 8 SSc patients with comparable SU were
also consecutively evaluated as controls. Eligible
patients had ages between 18 and 80 years, at
least 1 SSc-SU, and satisfied the ACR/EULAR
2013 classification criteria for systemic sclerosis

[2]. Patients\18 or[80 years old were ruled
out.

The patients’ clinical data were carefully
evaluated on the basis of individual medical
records, including demographic and clinical
findings (Table 1), as well as SU features

Table 1 Characteristics of our SSc population: EmoLED� compared with the control group

EmoLED (n = 12) Controls (n = 8) p value

Population

Mean age in years ± SD (range) 62.7 ± 8.3 (44–72) 68.0 ± 10.5 (55–82) 0.231

Females 8 (66.6%) 6 (75%)

Males 4 (33.3%) 2 (25%) 0.545

Mean duration of disease in years ± SD (range) 12.5 ± 7.1 (0.5–24) 16.5 ± 12.5 (4–36) 0.376

Comorbidities, n (%) 0.535

None 7 (58.3%) 4 (50%)

Pulmonary hypertension 2 (16.7%) 2 (25%)

Pulmonary fibrosis 1 (8.3%) 0 (0%)

Pulmonary fibrosis 2 (16.7%) 2 (25%)

Antibodies, n (%) 0.600

ANA Neg 2 (16.7%) 0 (0%)

Scl-70 5 (41.7%) 4 (50%)

CENPB 1 (8.3%) 4 (50%)

CENP A ? CENP B 1 (8.3%) 0 (0%)

SSA ? CENP B 2 (16.7%) 0 (0%)

U1RNP 1 (8.3%) 0 (0%)

Treatments, n (%)

Prostanoids 12 (100%) 7 (87.5%) 0.400

CCB 8 (66.7%) 7 (87.5%) 0.307

ERA 8 (66.7%) 7 (87.5%) 0.307

PDE5Inh 3 (25%) 1 (12.5%) 0.465

DMARDs 3 (25%) 1 (12.5%) 0.465

bDMARDs 1 (8.3%) 0 (0%) 0.600

Analgesics 7 (58.3%) 5 (62.5%) 0.612

ANA antinuclear antibodies, Scl-70 anti-Scl-70 antibodies; CENPB/CENP A ? CENP B anticentromere antibodies A and
B, SSA anti-Ro/SSA antibodies, U1RNP anti-U1RNP antibodies, CCB calcium channel blockers, ERA endothelin receptor
antagonists, PDE5Inh phosphodiesterase type 5 inhibitors, DMARDs/bDMARDs traditional/biologic disease-modifying
antirheumatic drugs
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(dimension, depth, area, wound bed and per-
ilesional skin aspects, presence of exudates and
possible signs of infection, and a measure of
pain). SSc-SU can be considered a ‘‘loss of sub-
stance involving epidermis, basement mem-
brane, and dermis, and frequently deeper skin
structures; lesions may be multiple, recurrent,
and/or relapsing; they are localized at one or
more skin areas, often acral zones of the hands
and feet’’ [9]. We recruited patients with typical
SSc digital ulcers of the hands (DU) located on
the fingertips or close to the nails, according to
the common definition and classification pre-
sented in the literature [9].

Cutaneous swabs were performed when
needed at the level of lesion areas, with care
taken to previously remove any dried exudates,
slough, or dressing residue with saline solution
or surgical debridement. Table 2 reports base-
line SU features of our SSc cohort.

All patients were treated with standard sys-
temic therapy for scleroderma vasculopathy
[11] at the time of SU presentation, using one or
more vasoactive drugs (Table 1). Local treat-
ment of the SU was carried out according to the
wound bed preparation model, mainly based on
the TIME framework [10, 24, 25].

The blue LED device EmoLED� is a com-
mercially available portable medical device
produced in Sesto Fiorentino (Florence, Italy)
and composed of six LED light sources that emit
blue light at 400–430 nm, as already described
in the literature [26, 27]. It has a power density
of 120 mW/cm2 and an energy density of 7.2 J/
cm2. The emitted continuous radiation is made
uniform over the entire area by the optical sys-
tem of the device.

The technical specifications of EmoLED� are
summarized in Table 3.

After adequate wound bed preparation,
EmoLED� was applied for 60 s at a distance of
4 cm from the lesion on every 50-mm-diameter
circular sub-area, and a standard medication
was subsequently applied according to each SU
feature. Every EmoLED� administration was
performed in our clinic, and patients were then
instructed to apply standard medications daily
at home. All patients were systematically re-
evaluated and locally treated by trained
rheumatologists every week during 2 months of

follow-up; SU data (length, width, area, wound
bed, perilesional skin features, presence/absence
of lesion exudate) were collected after 4 and
8 weeks (Tables 4, 5).

Each patient was also instructed to record
the following data during the follow-up period:
pain level on a 0–10 mm scale (NRS: numeric
rating scale), use of analgesics, possible adverse
reactions to the treatment.

The study was approved by the local ethics
committee Area Vasta Emilia Nord (protocol no.
275/16), and written informed consent was
obtained from all participants.

Statistical Analysis

Data analysis was carried out using the SPSS
statistical package (version 26.0, IBM Software,
USA). Comparisons between values were per-
formed using the ANOVA test and Fisher’s exact
test for continuous and noncontinuous vari-
ables, respectively. All descriptive data are
expressed as mean ± standard deviation (SD).
p values B 0.05 were considered statistically
significant.

RESULTS

Comparable clinical features of SSc patients and
SU were observed in both the EmoLED� group
(F/M 8/4, lc/dc subsets 6/6, mean age ± SD
62.7 ± 8.3 years (44–72), mean disease duration
± SD 12.5 ± 7.1 years (0.5–24)) and in the
control group (F/M 6/2, lc/dc subsets 5/3, mean
age ± SD 68.0 ± 10.5 years (55–82), mean dis-
ease duration ± SD 16.5 ± 12.5 years (4–36)).
Table 1 highlights the main features of our SSc
population; in particular, the EmoLED�

patients are compared with the control group.
No significant difference between the groups

was recorded for treatments (iv prostanoids:
p = 0.400; calcium channel blockers (CCBs):
p = 0.307; endothelin receptor antagonists
(ERAs): p = 0.307; phosphodiesterase-5 (PDE 5)
inhibitors: p = 0.465; classic DMARDs:
p = 0.465; biologic DMARDs: p = 0.600; anal-
gesics: p = 0.612).

All skin lesions were localized on finger
hands, mainly on fingertips. SU duration did
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Table 2 Skin ulcer assessment of our SSc population at baseline (T0): EmoLED� compared with the control group

Skin ulcer assessment at T0

EmoLED (n = 12) Controls (n = 8) p value

Type of ulcer DU (12, 100%) DU (8, 100%)

Ulcer duration at T0 (months) 10.0 ± 7.6 (1.25–24) 6.8 ± 5.4 (3–20) 0.327

Length (mm) 13.6 ± 8.2 (5–28) 7.5 ± 3.5 (5–15) 0.062

Length of SU2 (mm) 2.9 ± 6.20 (0–20) (3 patients) 6.0 ± 2.4 (3–8) (4 patients) 0.212

Width (mm) 11.9 ± 7.42 (3–20) T0: 6.1 ± 2.9 (2–10) 0.051

Width of SU2 (mm) 2.9 ± 6.20 (0–20) (3 patients) T0: 4.5 ± 1.7 (2–6) (4 patients) 0.120

Area 169.2 ± 166.0 (16.5–439.8) 42.2 ± 38.1 (7.9–117.8) 0.049

Area of SU2 34.3 ± 90.9 (0–314.2) (3 patients) 23.3 ± 14.5 (4.7–37.7) (4 patients) 0.193

Exudate 0.392

Absent 5 (41.7%) 2 (25%)

Serous 2 (16.7%) 3 (37.5%)

Hematic 1 (8.3%) 0 (0%)

Purulent 4 (33.3%) 3 (37..5%)

Exudate of SU2 0.429

Absent 10 (83.3%) 0 (0%)

Serous 0 (0%) 3 (37.5%)

Hematic 0 (0%) 0 (0%)

Purulent 2 (16.7%) (3 patients) 1 (12.5%) (4 patients)

Perilesional skin 0.157

Normal 7 (58.3%) 2 (25%)

Erythematosus 4 (33.3%) 5 (62.5%)

Hyperkeratotic 0 (0%) 1 (12.5%)

Macerated 1 (8.3%) 0 (0%)

Perilesional skin of SU2

Normal 0 (0%) 1 (12.5%)

Erythematosus 2 (16.7%) 3 (37.5%)

Hyperkeratotic 0 (0%) 0 (0%)

Macerated 1 (8.3%) (3 patients) 0 (0%) (4 patients)

Wound bed 0.600

Re-epithelialized 0 (0%) 0 (0%)

Granulating 0 (0%) 2 (25%)

Fibrinous 10 (83.3%) 6 (75%)
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not differ between the groups (p = 0.327). The
features and response of the SU to EmoLED�

treatment are reported in Tables 4 and 5.
The application of blue light PBM with

EmoLED� apparently produced faster healing of
the SU, with the formation of granulation tissue
and regularization of margins, when used in
addition to debridement. Complete healing of
SU was recorded in 5/12 (41.6%) cases during
EmoLED� treatment. In detail, improvements
in SU area (p = 0.012), length (p = 0.008), and
width (p = 0.001), wound bed re-epithelization
(p = 0.019), and related pain (p = 0.054) were
observed from T0 to T8 in EmoLED� patients.
Control patients treated with standard sys-
temic/local therapies merely showed ameliora-
tion of SU width (p = 0.039) and a trend toward
an improvement in SU area (p = 0.088) at the
end of the follow-up; see Tables 4 and 5.

At baseline, 1 patient in each group showed
clear signs of infection; the involved bacteria
were Staphylococcus aureus (1 case) and Escherichia
coli (1 case). Systemic oral antibiotic therapy was
required and no additional or relapsing infec-
tions were observed during the follow-up period
in the EmoLED�-treated patient; in the control
group, a relapse of SU infection was reported.

Furthermore, upon comparing the EmoLED�

and control group patients from T0 to T8, we
observed significant differences in SU exudate
presence (3/12 vs. 6/8, p = 0.040) and perile-
sional skin assessment, in particular

Table 3 EmoLED� technical specifications

Product EmoLED v.1

Risk class IIa

Photobiological

risk group

RG III

Product

description

EmoLED is a medical device which

aids the healing process of acute and

chronic wounds of people older

than 16 years. It is portable and it

doesn’t come into contact with the

skin

Light source The light radiation is generated by 6

LED sources. The emitted radiation

is made uniform over the entire area

by the optical system of the device

Spectral

bandwidth

400–430 nm

Power density/

irradiance

120 mW/cm2

Irradiated area 20 cm2

Energy density/

fluence

7.2 J/cm2

Treatment

distance

4 cm (distance sensor inside)

Treatment

duration

60 s for session. 1 session/week for

8 weeks

Table 2 continued

Skin ulcer assessment at T0

EmoLED (n = 12) Controls (n = 8) p value

Necrotic 2 (16.7%) 0 (0%)

Wound bed of SU2

Re-epithelialized 9 (75%) 0 (0%)

Granulating 0 (0%) 1 (12.5%)

Fibrinous 2 (16.7%) 3 (37.5%)

Necrotic 1(8.3%) (3 patients) 0 (0%) (4 patients)

Pain (NRS, mm) 4.7 ± 3.4 (0–10) 5.3 ± 1.8 (2–8) 0.650

SU2 second skin ulcer, NRS numerical rating scale
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Table 4 Skin ulcer assessment for our SSc population during follow-up (T4–T8): EmoLED� compared with the control
group

Skin ulcer assessment at T4 Skin ulcer assessment at T8

EmoLED Controls p value EmoLED Controls p value

Length (mm) 7.3 ± 7.67 (0–26) 6.6 ± 3.1 (4–12) 0.808 4.6 ± 6.8 (0–23) 4.3 ± 3.2 (1–10) 0.875

Length of SU2

(mm)

1.2 ± 4.3 (0–15)

(3 patients)

4.8 ± 2.6 (2–7) (4

patients)

0.958 1.0 ± 3.6 (0–12.5)

(3 patients)

3.8 ± 3.2 (1–7) (4

patients)

0.920

Width (mm) 5.2 ± 4.9 (0–15) 5.4 ± 3.3 (1–10) 0.967 2.8 ± 3.8 (0–12) 3.0 ± 2.5 (1–8) 0.916

Width of SU2

(mm)

1.25 ± 4.33

(0–15) (3

patients)

3.5 ± 1.7 (2–5) (4

patients)

0.742 1.0 ± 3.6 (0–12.5)

(3 patients)

2.8 ± 2.1 (1–5) (4

patients)

0.717

Area 54.6 ± 83.4

(0–245)

34.4 ± 34.6

(3.9–94.3)

0.528 28.7 ± 62.6

(0–216.8)

14.5 ± 19.2

(0.79–50.27)

0.545

Area of SU2 14.7 ± 51.0

(0–176.7) (3

patients)

15.7 ± 13.6

(3.1–27.5) (4

patients)

0.427 10.2 ± 35.4

(0–122.7) (3

patients)

11.9 ± 13.4

(0.8–27.5) (4

patients)

0.448

Exudate 0.260 0.040

Absent 6 (50%) 2 (25%) 9 (75%) 2 (25%)

Serous 2 (16.7%) 4 (50%) 1 (8.3%) 4 (50%)

Hematic 1 (8.3%) 0 (0%) 0 (0%) 0 (0%)

Purulent 3 (25%) 2 (25%) 2 (16.7%) 2 (25%)

Exudate of
SU2

0.143 0.143

Absent 11 (91.7%) 0 (0%) 11 (91.7%) 0 (0%)

Serous 0 (0%) 3 (37.5%) 0 (0%) 3 (37.5%)

Hematic 1 (8.3%) 0 (0%) 0 (0%) 0 (0%)

Purulent 0 (0%) (3 patients) 1 (12.5%) (4

patients)

1 (8.3%) (3

patients)

1 (12.5%) (4

patients)

Perilesional
skin

0.015 0.018

Normal 10 (83.3%) 2 (25%) 11 (91.7%) 3 (37.5%)

Erythematosus 2 (16.7%) 5 (62.5%) 0 (0%) 5 (62.5%)

Hyperkeratotic 0 (0%) 1 (12.5%) 0 (0%) 0 (0%)

Macerated 0 (0%) 0 (0%) 1 (8.3%) 0 (0%)

Perilesional
skin of SU2

Normal 1 (8.3%) 1 (12.5%) 2 (16.7%) 1 (12.5%)

Rheumatol Ther (2022) 9:891–905 897



maceration/excoriation presence (1/12 vs 5/8,
p = 0.018). Finally, EmoLED� treatment was
well tolerated by all subjects, none of whom
complained about any procedural or post-pro-
cedural adverse events from light irradiation.
Subjects reported only a mild sensation of
warmth. In Figs. 1 and 2 we show the EmoLED�

device and the treatment efficacy in 1 patient
with SU from baseline to the end of follow-up.

DISCUSSION

The presence of skin ulcers may severely affect
the quality of life of SSc patients; these ulcers

have a significant impact on daily activities and
ability to work, and they are associated with
pain and disability. Frequently, SSc-SU become
infected and resist standard treatments. Based
on our experience, we have developed a holistic
approach to SU treatment, from a global patient
assessment to local and systemic SU treatment
and innovative regenerative therapy [12–15].
Nevertheless, a significant percentage of sclero-
derma skin ulcers still represent a challenging
clinical problem.

The results of our preliminary study
encourage further investigations of the appli-
cation of blue light photobiomodulation with
EmoLED� as a potentially helpful additional

Table 4 continued

Skin ulcer assessment at T4 Skin ulcer assessment at T8

EmoLED Controls p value EmoLED Controls p value

Erythematosus 2 (16.7%) 3 (37.5%) 0 (0%) 3 (37.5%)

Hyperkeratotic 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Macerated 0 (0%) (3 patients) 0 (0%) (4 patients) 1 (8.3%) (3

patients)

0 (0%) (4 patients)

Wound bed 0.600 0.392

Re-

epithelialized

1 (8.3%) 0 (0%) 5 (41.7%) 2 (25%)

Granulating 7 (58.3%) 4 (50%) 4 (33.3%) 3 (37.5%)

Fibrinous 4 (33.3%) 4 (50%) 2 (16.7%) 3 (37.5%)

Necrotic 0 (0%) 0 (0%) 1 (8.3%) 0 (0%)

Wound bed of
SU2

Re-

epithelialized

9 (75%) 0 (0%) 11 (91.7%) 1 (12.5%)

Granulating 2 (16.7%) 2 (25%) 0 (0%) 1 (12.5%)

Fibrinous 1 (8.3%) 2 (25%) 0 (0%) 2 (25%)

Necrotic 0 (0%) (3 patients) 0 (0%) (4 patients) 1 (8.3%) (3

patients)

0 (0%) (4 patients)

Pain (NRS,

mm)

4.5 ± 2.9 (0–10) 4.7 ± 2.2 (1–7) 0.840 2.1 ± 2.6 (0–8) 4.0 ± 2.3 (1–7) 0.130

SU2 second skin ulcer, NRS numerical rating scale
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treatment in the management of SSc-SU.
EmoLED� therapy was associated with faster
healing of SU when used in addition to standard
treatments, in particular wound bed debride-
ment. In our experience, complete healing of
SU was recorded in 5 cases during PBM treat-
ment, together with improvements in SU fea-
tures, progression of edges, wound bed
granulation, and integrity of the perilesional
skin in the majority of SU. EmoLED� patients
also reported an improvement in pain at the
end of the follow-up in comparison with con-
trol subjects treated with standard systemic/lo-
cal therapies alone. According to previous
observations, the therapeutic strategy for SSc-SU

has included both systemic and local pharma-
cological approaches, as well as a number of
nonpharmacological procedures [9, 25, 28].
Integrated local treatments are often crucial to
SSc-SU healing; these are mainly based on
wound bed preparation as summarized in the
TIME principles [10, 24, 29]. However, despite
the application of integrated and innovative
treatments, SSc-SU sometimes continue to be
hard-to-heal lesions.

In this setting, searching for innovative
therapies that support and promote ulcer heal-
ing is fundamental. Photobiomodulation (PBM)
with blue light was recently investigated for the
treatment of chronic wounds.

Table 5 Skin ulcer assessment for our SSc population during follow-up (T4–T8): EmoLED� and control group as self-
controls

p value for skin ulcer features in EmoLED group p value for skin ulcer features in control
group

T0/T4 T4/T8 T0/T8 T0/T4 T4/T8 T0/T8

Length 0.064 0.378 0.008 0.606 0.154 0.076

Length of SU2 0.453 (3

patients)

0.899 (3 patients) 0.375 (3 patients) 0.513

(4patients)

0.646 (4

patients)

0.307 (4

patients)

Width 0.017 0.186 0.001 0.641 0.130 0.039

Width of SU2 453 (3

patients)

0.899 (3 patients) 0.375 (3 patients) 0.445 (4

patients)

0.598 (4

patients)

0.241 (4

patients)

Area ulcer 0.044 0.399 0.012 0.677 0.177 0.088

Area ulcer of SU2 0.521 (3

patients)

0.804 (3 patients) 0.401 (3 patients) 0.471 (4

patients)

0.710 (4

patients)

0.293 (4

patients)

Exudate 0.500 0.200 0.107 0.715 0.715 0.715

Exudate of SU2 0.500 (3

patients)

0.761 (3 patients) 0.500 (3 patients) / (4patients) / (4 patients) /

Perilesional skin 0.185 0.500 0.077 0.715 0.500 0.500

Perilesional skin

of SU2

0.500 (3

patients)

0.500 (3 patients) 0.295 (3 patients) 0.786

(4patients)

0.786 (4

patients)

0.786 (4

patients)

Wound bed 0.500 0.077 0.019 / 0.233 0.233

Wound bed of

SU2

0.680 (3

patients)

0.295 (3 patients) 0.295 (3 patients) / 0.500 (4

patients)

0.500 (4

patients)

Pain (NRS) 0.851 0.052 0.054 0.554 0.523 0.212

SU2 second skin ulcer, NRS numerical rating scale
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Light therapy has been used for years for
healing and promoting health [18, 30]. Photo-
biomodulation (PBM) is the term used to
describe the mechanistic/scientific basis for this
photonic specialty, and photobiomodulation

therapy (PBMT) is the term for its therapeutic
application. It was first developed in the 1960s,
but only in 2015 did the North American
Association for Light Therapy and the World
Association for Laser Therapy agree by consen-
sus to promote PBM as a form of light treatment
that utilizes nonionizing light sources and
involves a nonthermal process and photo-
chemical events at various biological scales.
This treatment results in beneficial therapeutic
effects, including the mitigation of pain or
inflammation, immunomodulation, and pro-
motion of wound healing and tissue regenera-
tion [31]. In the 1990s, the introduction of
high-efficiency LEDs revolutionized the lighting
industry, including biomedical applications of
light. The use of LEDs for PBM therapy has
become more widespread, and its clinical
effectiveness has been extensively illustrated
[32]. In fact, many different conditions and
fields of medical treatment are now becoming
responsive to the beneficial effects of PBM [33].

Chronic wounds often stagnate in the
inflammatory phase and/or experience an
impaired proliferative phase. Wound healing is
a dynamic process that involves several mole-
cules, mediators, blood cells, parenchymal cells,
and extracellular matrix [34]. Despite several
reports, the exact mechanism underlying pho-
tobiomodulation and its role in wound healing
promotion is a relatively new research area
[16, 18].

Fig. 1 Evolution of a patient’s digital ulcer during treatment with EmoLED�: A at T0, B at T4, C at T8

Fig. 2 EmoLED� device used to treat SSc-SU in our SSc
Unit Clinic
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A detailed review from Mosca et al. provides
background on and studies evidence for the
therapeutic application of light energy treat-
ments for wound healing [18]. A range of light
energy sources from LEDs to lasers have been
used, with specific benefits and limitations.
Noninvasive, economical, and multipurpose
light tools represent challenging options for
wound management. However, there is a lack of
consensus on standardized treatment parame-
ters, such as wavelengths, doses, and therapeu-
tic outcomes in the reviewed studies. For that
reason, there is an urgent need in the wound
care community to establish clinical protocols
and well-designed, rigorous research studies on
this topic.

Based on various recent experiences in the
field of PBM as an adjunct therapy in wound
healing [35, 36], there is significant excitement
in this research field.

PBM treatment was described as yielding
promising results for many ischemic ulcers,
mainly diabetic wounds [37, 38]. As regards to
SSc, low-level light treatment (LTTT) for SSc
digital ulcers was recently investigated by
Hughes et al., who used three wavelengths (in-
frared, red, and violet from LEDs) in a novel
custom-built device, achieved interesting results
in terms of feasibility and safety, and tentatively
proposed the use of this treatment for sclero-
derma digital ulcers [39].

Traditionally, red and near-infrared light
have been used therapeutically; however, sev-
eral reports indicate that other wavelengths
within the visible spectrum could show advan-
tageous effects, including blue and green light
[40].

A systematic literature evaluation indicated
that 72% of publications reported beneficial
effects of blue light. Despite the increasing
number of studies regarding the effect of blue
light on tissues and cells, often only partial
information is reported, and a clear under-
standing of the different approaches is rare
[41, 42].

It is important to emphasize the need to
assess exposure and treatment parameters in
relation with extensive effects on a range of
different chromophores within the body in

order to better determine the full potential of
PBM.

Blue LED light medical devices that use
specific wavelengths in the blue range of the
visible light spectrum have been extensively
analyzed in animal models [17, 23], and the
efficacy and safety of such devices have been
demonstrated. Some authors have recently
reported observations of an improved healing
process when superficial wounds are treated
with blue LED light with wavelengths in the
range 410–430 nm, and a study in an animal
model indicated that blue light led to a faster
healing process in superficial lesions, with
fibroblasts and myofibroblasts playing an
important role [19]. After a critical literature
review [22], further analyses of this group
focused on the effects of blue light on fibrob-
lasts and keratinocytes; it was observed that
blue LED light may be used to modulate the
metabolism and proliferation of human fibrob-
lasts, and its effects on wound healing seemed
to be particularly evident when studying
fibroblast and keratinocyte co-cultures [20, 21].

In this research setting, the blue-light-emit-
ting medical device EmoLED� was developed.
The functioning of this medical device is based
on light energy transfer from the tool to the
patient, and the interaction of this light energy
with some endogenous chromophores in the
blood and skin is able to activate the photo-
biomodulation mechanism, stimulating the
physiological processes of wound healing. Each
chromophore has a different absorption spec-
trum and a different sensitivity to various
wavelengths, which can produce varying pho-
tophysical and photochemical effects when
they are absorbed by tissues. It is possible that
blue light is absorbed by mitochondrial chro-
mophores in the same way as red/infrared light;
however, there are several other plausible
chromophores for blue light. Because of the
width of a typical absorption band, it is proba-
ble that blue light is absorbed by several distinct
chromophores [43].

The B.L.U.R. study aimed to determine if
blue light photobiomodulation with EmoLED�

in addition to the standard of care was more
effective than the standard of care alone in
promoting re-epithelialization of chronic
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wounds of lower limbs. At week 10, the wounds
treated with additional EmoLED� showed a
smaller residual wound area compared to the
lesions treated with the standard of care alone,
especially for venous leg ulcers [27]. Also,
Marchelli et al. recently described the use of this
tool in patients affected by chronic wounds of
different etiologies that did not respond to
standard treatments. Of the 19 ulcers evaluated
(venous, ischemic, post-traumatic, vasculitic),
84% responded to the treatment during the
period of observation, and the treatment
showed a good safety profile [44].

Several authors described the role of photo-
biomodulation in treating xerostomia in a
pediatric patient affected by SSc. After this
therapy, an increase in salivary flow and an
improvement in mastication and swallowing
were recorded [45]. Nevertheless, to our
knowledge, this is the first study to report the
effectiveness of EmoLED� treatment in the
management of SSc-SU. The results of our pre-
liminary report encourage further exploration
of EmoLED� as a potentially helpful additional
treatment in the management of SSc-SU. In our
experience, the most favorable results were
mainly observed for SU dimensions, signs of
infections, and related pain without incurring
adverse effects. In detail, the wound bed con-
ditions rapidly improved, with reduced fibrin,
growth of granulation tissue, re-epithelization
of the edges, and infection control. Possible
mechanisms for these beneficial effects on
cutaneous wound healing and the restoration of
the epidermal barrier have already been men-
tioned [16–22]. Low levels of blue light seem to
stimulate the metabolic activity and differenti-
ation of cultured keratinocytes, and opsin
expression might be involved too. Dermal
opsins have been identified in many animals as
well as humans. Current evidence suggests that
opsins have a biological role beyond light
response. In nonhuman animals, opsins seem
to be involved in processes crucial to survival. In
humans, these receptors are involved in many
skin functions in the epidermis and dermis,
although the underlying molecular mecha-
nisms remain elusive. Several reports have
demonstrated that opsins modulate various
physiological cutaneous processes, such as

melanogenesis, photoaging, hair growth, and
wound healing in terms of the newly regener-
ating epidermis following wounding. Since
keratinocytes and fibroblasts retain their
expression in culture, they could offer a valid
model to better examine the mechanism for the
response of wound healing to blue light
[46, 47].

The present study has some limitations,
which are mainly related to the small size of the
enrolled SSc population. Larger randomized
controlled trials are needed to further elucidate
the potential clinical applications of photo-
biomodulation in the intriguing scenario of SSc-
SU management.

CONCLUSIONS

In conclusion, the positive clinical results of
this approach, along with the absence of sig-
nificant side effects, suggest that EmoLED�

could be a safe, effective, noninvasive tool to
treat SSc-SU, with an interesting role to play in
the healing process in addition to conventional
systemic and local therapies.
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