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A B S T R A C T

Introduction: Photobiomodulation therapy with the use of light-emitting diodes (LEDs) is a fast growing ther-
apeutic technique with a wide range of dermatologic indications. Recently it has been suggested that LED
therapy could be beneficial in scarring alopecia.
Aim: Assessment of the efficacy of novel superluminescent diodes (sLED) with a “soft- start” as an adjuvant
treatment in selected types of scarring alopecia.
Methods: This pilot study included 16 female patients: 8 with frontal fibrosing alopecia (FFA) and 8 with lichen
planopilaris (LPP), aged 41–76 years with a stable treatment, either topical or systemic. In all patients, sLED
irradiations were performed once a week for a 10-week period. The sLEDs’ effectiveness was assessed clinically
and using trichoscopy.
Results: The therapy was well tolerated. Both Lichen Planopilaris Activity Index (LPPAI) and Frontal Fibrosing
Alopecia Severity Score (FFASS) were significantly reduced after the therapy (p=0.012, p=0.017 respec-
tively). Within the treated area, the number of thick hairs significantly increased after the therapy (p=0.009),
whereas the number of medium-sized hairs and thin hairs did not change significantly (p=0.836, p=0.675
respectively).
Conclusions: Irradiations with sLEDs were demonstrated to be safe and well tolerated. This noninvasive therapy
leads to the reduction of subjective symptoms, and improve the outcome both in FFA and in LPP. This effective
novel light source can be used as an adjuvant therapy in patients with chronic LPP or FFA. However, further
studies including a larger study group and a control group are needed to evaluate the long-term effects of the
therapy.

1. Introduction

Photobiomodulation therapy, also known as low level laser (light)
therapy (LLLT), is fast gaining popularity as a therapeutic technique.
According to the consensus, it is defined as a form of light therapy that
utilizes non-ionizing forms of light sources, including lasers, light-
emitting diodes (LEDs) and broadband light, in the red or near-infrared
spectrum with the most effective wavelengths in the range of
600–700 nm [1–3]. Among all those light sources, LEDs seem to be
more advantageous in dermatology, since they provide non-ablative,
non-thermal irradiation of a relatively large area [4]. Possible me-
chanisms of action include: stimulation of angiogenesis, modulation of
oxidative stress, increased adenosine triphosphate (ATP) production,
alteration of collagen synthesis [4,5]. One of the most important

clinical applications of LEDs is photodynamic therapy (PDT) [5]. Re-
cently, new superluminescent diodes (sLED) with a “soft start” were
demonstrated to be an effective novel light source in PDT [6].

LEDs have been applied across a broad range of indications, in-
cluding pre-cancerous and cancerous skin lesions, as well as acne vul-
garis, rosacea, psoriasis, skin rejuvenation and hair loss [4,5]. Most data
reporting the efficacy of LLLT therapy for the treatment of hair loss
consider androgenetic alopecia. Usually, the devices applied in those
studies used lasers or a combination of LEDs and lasers with the most
commonly used wavelengths ranging from 635 to 650 nm [5,4,7]. The
data considering use of LEDs in scarring alopecia are scarce. To the best
of our knowledge, so far the effectiveness of LED therapy in LPP was
only demonstrated in one study [8]. Considering the promising results
of this study, it was suggested that LED therapy could be beneficial in
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scarring alopecia [5,8].

2. Aims

The aim of the study was to assess the efficacy of superluminescent
diodes (sLED) with a “soft-start” as an adjuvant treatment of selected
types of scarring alopecia.

3. Methods

3.1. Study group

This pilot study included 16 female patients: 8 with frontal fibrosing
alopecia (FFA) and 8 with lichen planopilaris (LPP), aged 41–76 years
(average age 60.1 ± 9.6 years). In all patients, diagnosis was con-
firmed based on clinical presentation, trichoscopic pattern and histo-
pathological examination. Inclusion criteria were: disease duration of at
least 1.5 years and stable treatment (either topical or systemic) for six
months. During the study, the previous treatment was not modified and
patients continued it. Exclusion criteria included: age<18 years, non-
scarring alopecia, scarring alopecia different than FFA or LPP, preg-
nancy, breast feeding, lack of stable treatment, epilepsy. The therapy
was not performed during summer. Written informed consent was ob-
tained from all patients before enrolment to the study. The study was
approved by the Local Ethics Committee (KE-0254/167/2017).

3.2. Irradiation of the scalp with superluminescent diodes (sLED) with “soft
start”

In all patients, the sLED therapy was performed using a source of
light based on the superluminescent LED matrix illuminator: Red Beam
Pro+ (MedLight GmbH). This lamp contains three movable units with
78 high power red light-emitting diodes of the latest generation so-
called superluminescent which provide pulsed red light operating at
630 ± 5 nm with a maximum power density of 100–120mW/cm2
(Fig. 1) [9]. This lamp works with a “soft start”, which means that ir-
radiation increases gradually from 40 to 100% of the maximum power

of illumination during the first 4 min. Each treatment session lasted
13min and 47 s in the pulse mode. A single pulse duration was 430ms
with 130ms intervals. The dose per session was 44.45 J/cm2 and light
power density of 70mW/cm2. The distance from the scalp was 15 cm.
Sessions were performed once a week for a period of 10 weeks.

3.3. Assessment of the sLEDs’ effectiveness

To determine the effects of sLED therapy, a trichoscopic examina-
tion was performed according to standard procedure with 20x and 70x
magnification using the FotoFinder Dermoscope in all patients before
and after 10 sessions. Then, within the treated area, 2 specific fields
were selected to assess the number of hairs according to hair thickness
before and after 10 irradiations. To obtain repeatability, the localisation
was marked using videodermatoscopy mapping and in each patient the
distance from middle line to the selected localisation was measured
using a medical tape measure. In patients with FFA the evaluation was
performed 1–5 cm from the midline within the frontal hairline and in
LPP 1–5 cm from the midline within the parietal area. Hair thickness
was measured in two fields at 70x magnification (each field corre-
sponds to 9 mm2).

The hairs were divided into 3 groups: thick hairs> 0.05mm,
medium-sized hairs 0.03–0.05mm and thin hairs< 0.03mm. To assess
inflammation within the treated area, a trichoscopic evaluation of
perifollicular hyperkeratosis and erythema was performed. The severity
was classified as none, mild, moderate or severe before and after
therapy. Itching, burning sensation and pain were assessed by the pa-
tients based on a 10-point visual analogue scale at the beginning and at
the end of therapy. In patients with LPP, disease activity was assessed
using the Lichen Planopilaris Activity Index (LPPAI) with a score of
0–10 [10], and in patients with FFA using the Frontal Fibrosing Alo-
pecia Severity Score (FFASS) based on the protocol proposed by Saceda-
Corallo et al. with a score of 0–25, with a small modification: the se-
verity of perifollicular erythema and hyperkeratosis was evaluated
using trichoscopy [11]. The primary end point was the change of the
number of thick, medium-sized and thin hairs after 10 weeks within 2
evaluated fields. The secondary end point was patients’ assessment of

Fig. 1. View of sLED matrix illuminator.
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subjective symptoms.

3.4. Statistical analysis

The data were statistically analysed using SAS software. We esti-
mated the lower quartile (Q1), upper quartile (Q3), median (Me) and
interquartile range (IR) for continuous variables, as well as absolute
numbers (n) and percentages (%) of the occurrence of items for cate-
gorical variables.

We used the Wilcoxon signed-rank test to compare the number of
hairs, severity of symptoms and two indexes (LPPAI and FFASS) before
and after treatment, as well as Fisher’s exact test to compare severity of
perifollicular hypekeratosis and erythema before and after treatment.

The significance level was assumed at 0.05.

4. Results

In the study group, 8 (50%) patients had LPP, and 8 (50%) FFA. The
disease had lasted for 1.5–12 years, 3.0 years on average. During the
study, all participants continued their previous therapy. 5 (31.25%)
patients received only topical therapy (including moderate to potent
topical steroids), 2 (12.5%) received only systemic therapy (hydroxy-
chloroquine 200mg once daily) and 9 (56.25%) patients were treated
with both topical and systemic medications including a combination of
moderate to potent topical steroids with hydroxychloroquine 200mg
twice a day (8 patients) or finasteride 5mg/day (1 patient).

In the treated area, the total number of hairs was 29.55 on average
before treatment and increased after treatment up to 48.05 on average;
however, the difference was not statistically significant (p= 0.079).
The number of thick hairs significantly increased after the therapy
(p=0.009) from 23.0 on average before treatment to 37.0 on average
after treatment, whereas the number of medium-sized hairs and thin
hairs did not change significantly (p= 0.836 and p= 0.675 respec-
tively). Results are shown in Table 1 and Fig. 2.

Both LPPAI and FFASS were significantly reduced after treatment
(p=0.012 and p= 0.017 respectively). LPPAI before treatment was
4.66 on average and 1.33 on average after treatment. FFASS after
treatment was reduced in almost all patients (except one, in whom it
remained the same). The results are shown in Table 2.

Severity of inflammation characterized by perifollicular hyperker-
atosis decreased significantly in the study group (p= 0.009, Table 3).
In all patients with the most severe perifollicular hyperkeratosis (5
patients) sLED therapy resulted in clinical improvement: the post-
treatment severity of perifollicular hyperkeratosis was assessed as mild.
In six patients with mild severity before treatment, 5 patients presented
with no perifollicular hyperkeratosis after treatment, whereas in 1 pa-
tient the perifollicular hyperkeratosis remained unchanged. Only one
patient developed exacerbation characterized by an increase of peri-
follicular hyperkeratosis from moderate to severe. In the remaining 3
patients with moderate perifollicular hyperkeratosis its severity re-
mained unchanged in 1 patient and the symptom resolved completely
in 1 patient. Perifollicular erythema did not exhibit a statistically sig-
nificant change (p=0.135, Table 4). As in the case of perifollicular
hyperkeratosis, the most prominent reduction of erythema was

observed in more severe stages. Among 5 patients with severe peri-
follicular erythema, after the treatment 2 patients had moderate and 3
mild perifollicular erythema. In 9 patients with moderate perifollicular
erythema, the post-treatment severity was assessed as moderate in 1
and mild in 4 patients. In the remaining 4 patients, perifollicular er-
ythema disappeared. In two patients with mild perifollicular erythema
at the beginning, at the end of the study its severity was assessed as
“none”. All subjects tolerated the therapy well. All patients had sig-
nificant reductions in itching (p < 0.001), burning sensation
(p= 0.001) and pain (p=0.008). The results are shown in Table 5.
The severity of itching was 5.5 on average before treatment and de-
creased to 1.0 after treatment. The severity of the burning sensation
was 3.0 on average before treatment and decreased to 0.0 on average
after treatment. The severity of pain was 1.5 on average before treat-
ment and decreased to 0.0 on average after treatment.

During the irradiation, patients reported pleasant warmth, and some
of them reported a stinging sensation. 2–3 days after irradiation, skin
dryness was observed in 4 patients. Subjects with the most severe le-
sions reported faster reduction of the symptoms.

5. Discussion

The attempts to use LED as light sources started in the early 1990s.
Initially, single LEDs offered very low power of a few mW, which sig-
nificantly limited their use. With the recent developments in high-
power light emitting diodes so-called superluminescent, sLEDs have
been used as an alternative light source for PDT. The power of a single
so-called superluminescent LED (sLED) is approx. 50–100mW (even up
to 1W for some wavelengths) [9,12,13]. The use of sLED enabled the
construction of compact, economical and stable illuminators [9,13,14].

In our study, we evaluated for the first time the effect of super-
luminescent LEDs with a “soft start” on FFA and LPP. The main ad-
vantage of this lamp is the use of sLEDs, a light source characterized by
high efficiency of light emission, low time coherence and high spatial
coherence. Therefore, they share the advantages of both laser and LED
devices [13].

To the best of our knowledge, so far there is only a single study that
evaluated LED therapy in 8 patients with LPP [8] and there are no
studies that evaluated LED therapy in FFA. It is still discussed whether
FFA is a clinical variant of LPP [15] or whether those two diseases are
distinct entities [16]. Recently it has been suggested that FFA and LPP
are two phenotypically distinct branches of the same pathobiology tree
[16]. The results obtained in our study suggest that treatment with
sLEDs could be beneficial in the treatment of scarring alopecia both in
LPP and FFA. Despite significant reduction of both LPPAI and FFASS
indexes, patients with LPP responded faster and better to the treatment.
The lower reduction of the FFASS index may result from the fact that
unlike the LPPAI index, FFASS includes hairline recession as a main
parameter. Therefore, to eliminate the possible differences caused by
those two assessment tools in our study, the same trichoscopic para-
meters and subjective symptoms were evaluated in all patients. Re-
gardless of the type of scarring alopecia, the subjective symptoms such
as itching, pain and burning sensations significantly decreased in all
participants after the irradiation. Considering previous reports, itching,

Table 1
Comparison of the number of thick, medium-sized and thin hairs and the total number of hairs before and after treatment within 2 assessed fields. (N=16).

Hair thickness Before treatment After treatment Statistical test

Min Max Q1 Me Q3 IR Min Max Q1 Me Q3 IR Z p

Thin < 0,03mm 0 3 0.0 0.0 1.5 1.5 0 2 0.0 0.0 1.0 1.0 0.419 0.675
Medium 0,03–0,05mm 3 16 6.5 8.0 14.5 8.0 4 35 5.5 8.5 13.0 7.5 0.207 0.836
Thick > 0,05mm 11 49 15.5 23.0 31.5 16.0 12 52 17.5 37.0 42.5 25.0 2.605 0.009
Total 18 66 26.5 29.5 43.0 16.5 20 87 26.0 48.0 53.5 27.5 1.758 0.079

Me – median, Q1 – lower quartile, Q2 – upper quartile, IR – interquartile range.
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burning, or a painful scalp are typical for active LPP and most patients
report such complaints when inflammation is present [17], whereas
symptom reduction suggests clinical improvement. This is in ac-
cordance with our observations. On the contrary, subjective symptoms
are rarely observed in FFA [18] however in our study subjective

symptoms were reported by majority of patients with FFA. Trichoscopic
examination demonstrated a decrease of perifollicular hyperkeratosis
which was statistically significant (p= 0.009); perifollicular erythema
also decreased, but without statistical significance. It cannot be ex-
cluded that reduction of itching, pain or burning sensations are the first

Fig. 2. Trichoscopic images of patients with
FFA and LPP; FFA – frontal fibrosing alopecia,
LPP- lichen planopilaris, – perifollicular
hyperkeratosis, – follicular units with>1
hair.
(2a, 2c, 2e,): FFA pretreatment trichoscopic
images (20x, without immersion fluid); (2b, 2d,
2f): FFA posttreatment trichoscopic images
after treatment (20x, without immersion fluid);
(2a): mild perfollicular hyperkeratosis, total
hair number n= 44, follicular units with>1
hair n=1; (2b): reduction of perifollicular
hyperkeratosis, total hair number n=55, fol-
licular units with> 1 hair n= 3; (2c): total
hair number n= 51, follicular units with>1
hair n= 3; (2d): total hair number n= 67,
increased number of follicular units with>1
hair n= 5; (2e-f): characteristic for this loca-
lisation pattern of blood vessels (blue ring),
(2e): moderate perifollicular hyperkeratosis,
follicular units with> 1 hair n= 4, (2f): mild
perifollicular hyperkeratosis, increased hair
number in the frontal hair line, follicular units
with>1 hair n=6, within the scarring area
visible lost of some hair follicles; (2 g, 2i): LPP
pretreatment trichoscopic images; (2 h, 2 j):
LPP posttreatment trichoscopic images;
(2 g–h): scar after skin biopsy (blue ring), (2 g):
number of follicular units with>1 hair before
n= 25 (20x, without immersion fluid); (2 h):
increased number of follicular units> 1hair
after the treatment n=30 (20x, with immer-
sion fluid); (2i-j): characteristic for this locali-
sation pattern of blood vessels (blue ring),
number of thick hair before n=10, after
n= 15 (70x, without immersion fluid).

Table 2
Comparison of LPPAI index and FFASS before and after treatment, LPPAI (N=8), FFASS (N=8).

Index Before treatment After treatment Statistical test

Min Max Q1 Me Q3 IR Min Max Q1 Me Q3 IR Z p

LPPAI 1.66 8.25 2.48 4.66 5.71 3.23 0.00 5.25 0.50 1.33 2.37 1.88 2.521 0.012
FFASS 3.80 15.10 7.90 10.85 14.15 6.25 2.40 14.50 6.90 10.25 12.90 6.00 2.380 0.017

LPPAI – Lichen Planopilaris Activity Index; FFASS – Frontal Fibrosing Alopecia Severity Score.
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signs of clinical improvement and precede the reduction of trichoscopic
markers of inflammation. The anti-inflammatory effect of LED therapy
has been demonstrated in many studies; however, the exact mechanism
of its action on hair follicles is not completely understood and requires
further studies [2,19]. Reduction of inflammation was observed in 8
patients with LPP after 6 months of daily therapy with 246 red LEDs
[8]. This is similar to our findings.

Along with reduction of inflammation, we observed the trend of an
increasing total hair count and a significantly increased number of thick
hairs within the treated area, which led to a cosmetically acceptable
improvement for the patients and is in accordance with the study
conducted by Fonda-Pascual et al. [8]. The observed slight increase of
the total hair count only involved hair follicles that were not affected by
the fibrosing process. Some of them exhibited either perifollicular hy-
perkeratosis or perifollicular erythema before the study and were lo-
cated around patches of hair loss. We observed the presence of more
hairs within some follicular units. We did not observe any hair regrowth
within the scar. It cannot be excluded that slight hair regrowth might
involve only those hair follicles where the scarring process did not
begin and the predominant feature is inflammation. Therefore, sLED
therapy due to its anti-inflammatory and immunomodulatory effect
may prevent disease progression and contribute to potential hair re-
growth. Harries at al. proposed a model of disease progression from a
healthy hair follicle to permanent scarring alopecia. The authors sug-
gested that at the beginning of LPP and FFA, disease progression can be
stopped and alopecia could be potentially reversible. However, once
scarring has begun, alopecia becomes permanent [16]. Therefore pre-
vention of scarring would be a therapeutic goal in patients with LPP and
FFA.

Recently it has been demonstrated in in vitro studies that red light
LED irradiation with high fluencies definied as equal or greater than
160 J/cm2 may exert anti-fibrotic effect on the skin [20,21]. In our
study we did not observed anti- fibrotic effect or reduction of scarring
after sLED therapy which could result from lower fluencies used in our
study. It cannot be excluded that irradiation of scalp with higher flu-
encies than usually used may also exert anti- fibrotic effect in scarring
alopecia. However it requires further studies.

Moreover, in our study we observed an increased number of thick
hairs within the treated area. This could be explained by the effect of
sLED therapy on the hair cycle. It has been suggested that LLLT irra-
diation lengthens the duration of the anagen phase, stimulates anagen
reentry in telogen hair, prevents premature catagen and increases rates
of proliferation in active anagen hair [4]. Better hair growth might also
result from the vasodilatatory effect of nitric oxide (NO), the production
of which is stimulated by photobiomodulation [22]. However, the
majority of those observations were made in patients with non-scarring
alopecia [4,7,22].

It cannot be excluded that the improvement observed in our study
also results from different mechanisms. It is thought that the collapse of
immune privilege of the bulge region and inflammation-derived da-
mage of epithelial stem cells of the hair follicle leads to scarring and
irreversible hair loss. However, it is still unclear what induces the in-
flammatory reaction or whether it precedes or follows immune privi-
lege collapse. It is suggested that one of the most important pathways in
immune privilege collapse is mediated by interferon-γ (INF-γ) and
peroxisome proliferator-activated receptor gamma (PPAR-γ) [16]. Sig-
nificantly lower gene expression levels of PPAR-γ in unaffected and
affected LPP were reported compared to healthy controls [23]. There-
fore, it has been suggested that PPAR-γ-targeted therapy may represent
a new strategy in the treatment of hair loss [23]. de Lima et al. de-
monstrated in murine models increased PPAR-γ expression after LLLT
irradiation [24]. It was also observed that LED irradiation stimulates
outer root sheath cell (ORSC) proliferation and migration which might
be related to activation of the Wnt5/β-catenin signalling pathway [25].
Interestingly, the same signalling pathway is needed to promote pro-
liferation of bulge stem cells [26]. Considering this, sLED therapy seems
a promising therapeutic option for patients. Therapy of scarring alo-
pecia is difficult and severe cases of LPP or FFA might be resistant to
classic drugs [8]. All patients in our study received stable treatment,
which was not changed for a minimum of 6 months. The majority of
patients enrolled to the study did not start the previous therapy in our
Department; therefore, we couldn’t compare the efficiency of this pre-
vious treatment before and after six months of stable therapy. However,
this therapy did not control the disease sufficiently, since trichoscopic
signs of inflammation were present in all patients and the majority of
them reported severe itching, pain or burning of the scalp. None of the
patients experienced satisfactory improvement. Therefore, in our opi-
nion, the previous treatment was not sufficient and we decided to add
sLED therapy. In our study, we used sLED therapy as an adjuvant
therapy. To obtain comparability of the results, all patients received the
same protocol of sLED therapy, including the same: dose per session,
distance from the scalp and number of sLED irradiations. All patients
also continued their previous treatment without any modification.
Therefore, the observed improvement might suggest that sLEDs

Table 3
The severity of perifollicular hyperkeratosis before and after treatment
(N=16).

Perifollicular
hyperkeratosis before
treatment

Perifollicular hyperkeratosis after treatment

none mild moderate severe Total

none 1 0 0 0 1
mild 5 1 0 0 6
moderate 1 1 1 1 4
severe 0 5 0 0 5
Total 7 7 1 1 16

Fisher’s exact test p=0.009.

Table 4
The severity of perifollicular erythema before and after treatment (N=16).

Perifollicular erythema before
treatment

Perifollicular erythema after treatment

none mild moderate severe Total

none 0 0 0 0 0
mild 2 0 0 0 2
moderate 4 4 1 0 9
severe 0 3 2 0 5
Total 6 7 3 0 16

Fisher’s exact test p=0.135.

Table 5
Comparison of subjective symptoms before and after treatment (N=16).

Symptoms Before treatment After treatment Statistical test

Min Max Q1 Me Q3 IR Min Max Q1 Me Q3 IR Z p

Itch 1.0 10.0 4.5 5.5 8.5 4.0 0.0 3.0 0.0 1.0 1.5 1.5 3.516 <0.001
Burning sensation 0.0 10.0 1.0 3.0 6.5 5.5 0.0 2.0 0.0 0.0 0.5 0.5 3.180 0.001
Pain 0.0 10.0 0.0 1.5 3.5 3.5 0.0 2.0 0.0 0.0 1.0 1.0 2.666 0.008

Me – median, Q1 – lower quartile, Q2 – upper quartile, IR – interquartile range.
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improve the clinical outcome itself or modulate and increase the ther-
apeutic effect of the used medication [10]. However, further rando-
mized studies with larger study groups are required to confirm this
hypothesis. Due to the heterogeneous and small study group, the cor-
relation between particular medications and sLED irradiation was not
investigated here. All subjects tolerated the therapy well and the
treatment protocol with weekly irradiation was comfortable for them.
Moreover, due to the “soft start” option, power density increased gra-
dually during the first 4 min, which prevented patients from feeling
potentially unpleasant heat at the beginning of the treatment and im-
proved tolerability of this procedure. It has been suggested that optimal
therapy should not only alleviate the symptoms but also should not add
extra impairment associated with the treatment [27]. It has been
speculated that sun exposure could be an environmental trigger for
both FFA and LPP [28,29]. The majority of epidemiological studies
have been performed among patients from Europe, America and Asia;
however, racial or geographic differences have not been fully studied
[28–31]. In our study, all patients were exposed to similar environ-
mental factors and to eliminate potential aggravation of symptoms by
sun exposure, the therapy was not performed during summer.

Our study was limited by its small sample size, the lack of a control
group and lack of follow-up. Therefore, further studies are required
including a larger study group and a control group.

6. Conclusions

Given the chronic and progressive character of FFA and LPP, there is
need for a safe long-term therapy for those patients. Our study de-
monstrated that sLEDs with a “soft start” are characterized by good
tolerability, increase the chance to inhibit progression of the disease
and improve the outcome both in FFA and LPP. This noninvasive
therapy leads to the reduction of subjective symptoms as well as tri-
choscopic and clinical improvement. This effective novel light source
can be used as an adjuvant therapy in patients with chronic LPP or FFA.
However, further studies including a larger study group and a control
group are needed to evaluate the long-term effects of the therapy.
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