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Abstract: A new biotechnology based on micro-needling (MND) with low-level light/laser therapy
(LLLT) that is used for hair re-growth (HR-G) needs to be standardized. The study aims to report
the clinical outcomes resulting from a multicentric, retrospective, observational, case-series study in
which MND with LLLT was used on patients affected by androgenic alopecia (AGA). Twenty-six
patients were initially enrolled of which 15 males were classified as stages I–III of vertex by the
Norwood–Hamilton scale, and 11 females was classified in stages I–II by the Ludwig scale. Twenty
patients (10 females and 10 males) were analyzed after their screening (the exclusion and inclusion
criteria evaluation). The HR-G assessment was evaluated with photography, as well as the physician’s
and patient’s global assessment scales, in addition to standardized phototrichograms, during a short
follow-up at T0-baseline, T1-16 weeks. Encouraging results represented by a hair density increase of
12 ± 2 hairs/cm2 at T1 after 16 weeks (16 weeks vs. 0 weeks) in the targeted area, compared with the
baseline results (59 ± 2 hairs/cm2 at T1 versus 47 ± 2 hairs/cm2 at baseline), were observed using
computerized trichograms with a statistically significant difference in hair re-growth (p = 0.0238). The
effectiveness of MND with LLLT use has been demonstrated in mild to moderate AGA patients.

Keywords: hair re-growth LLLT; low-level led therapy; LLLT therapy; micro-needling in hair loss;
micro-needling and low level led therapy in hair loss; regenerative plastic surgery; plastic surgery

1. Introduction

Scientific research in the regenerative field exists even for the development of mini-
invasive biotechnologies aimed to enhance hair re-growth (HR-G) in patients suffering
from androgenetic alopecia (AGA). AGA is one of the most important and frequent hair
loss (HL) causes affecting a mean of 80% of white men and 40% of women, determining,
respectively, a male pattern hair loss (MPHL) and a female pattern hair loss (FPHL) [1–4].

The number of papers evaluating the effectiveness of low-level light/laser ther-
apy (LLLT) in MPHL and/or FPHL has exponentially increased during the last decade
(2011–2021).

The first research on “photo-bio-stimulation”, or LLLT, was performed in 1967 on mice
by using the ruby laser [5]. The purposed mechanism of LLLT in HR-G is the stimulation
of mitochondria located in the hair bulge stem cells. Cytochrome c-oxidase (CCO,) in the
membrane of mitochondria, is the target chromophore of red light that leads to mitochon-
drial respiration. Reactive oxygen species (ROS) and adenosine triphosphate (ATP) then
stimulate cellular proliferation, migration, and oxygenation, which, consequently, promotes
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hair growth [6]. In 2007, the first cleared LLLT device was introduced for MPHL by the US
Food and Drug Administration (FDA) [7]. Up until the present, LLLT technology, based
on the laser diode (LD) and light emitting diode (LED), has been adopted by different
manufacturers to create LLLT devices; nevertheless, only some of the LLLT products are
cleared by the FDA, with few articles published to support the efficacies.

Red light and laser therapies at 660 nm have been confirmed as an effective treatment
for HL, and, therefore, the use of LLLT, such as phototherapy with LED, [8] has been
intensified to market HG in AGA [9,10]. For several years, LED phototherapy has been
offered as a good and safe device for the treatment of the skin, mucous, and scalp affected by
inflammatory components, being employed efficaciously within the treatment of acne [11],
vaginal atrophy [12], facial aging [13,14], and, additionally, in disorders associated with
HL [15]. The innovative use of combining LLLT, LED, and magnetic flux technology for the
treatment of AGA seems to be the latest advancement. The synergy of emissions, including
the spectrum, infrared, a soft laser, and magnetic flux helps to increase the density of the
hair by activating the cellular metabolism of the hair follicles (HFs) and improving the
standard and density of the prevailing hair.

Additionally, the combined use of the micro-needling (MND) technique with LLLT
has further improved HR-G in patients with AGA [16].

This study aims to describe the impact of LLLT with MND on HR-G. The characteristics
and, therefore, the outcomes of the device analyzed are reported, aspiring to clarify any
doubts regarding the chance to standardize the utilization of this method.

2. Materials and Methods
2.1. Study Overview

This multicentric, retrospective, observational case-series study has been performed
following the principles reported in the Declaration of Helsinki and the internationally con-
sented ethics in clinical research [17]. A high-quality assessment was carried out based on
the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) check-
list [18]. All patients received, understood, and signed detailed informed consent forms
before any study procedure, which included information about the protocol, including the
risks, benefits, and alternative therapies.

The collected data has been independently analyzed in Korea by Prof. Han (Depart-
ment of Bioconvergence, College of Health Sciences, Kyungnam University, Gyeongsangnam-
do, South Korea), and Dr. Soo-Ik Lee (New Hair Institute Korea, Seoul, Korea) while in Italy,
the data was analyzed by Prof Gentile (Surgical Science Department, University of “Tor
Vergata”, Rome, Italy) and Dr. Garcovich (Institute of Dermatology, F. Policlinico Gemelli
IRCSS, Università Cattolica del Sacro Cuore, Rome).

This paper has been the object of a research contract between the author, P.G., and the
“Tor Vergata” University, approved by Rectoral Decree R.D n. #1467/2017, and is continued
in the associate professor contract #13489/2021.

2.2. Data Extraction

Data regarding the treatment kind and the outcomes were independently collected by
the four authors, screened, and finally identified as eligible data according to the inclusion
and exclusion criteria evaluation. Any disagreement on the extracted data was settled by a
consensus among P.G. and S.H. Information on the patients (age, sex, race, comorbidities),
interventions (use of topical drugs such as minoxidil, finasteride, platelet-rich plasma, or
retinoids), and the follow-up (16 weeks) was gathered by the authors (P.G. and S.H).

Data on hair density, session frequency (days/week), treatment duration (weeks), and
patients’ clinical results were collected.

In terms of outcomes, the type of measurement was described (unit area trichograms,
photo-trichograms, global photography, direct hair count, hair analysis software, and inves-
tigator hair analysis), as well as the primary endpoints (hair density, hair thickness/shaft
diameter, vellus hair count/density, terminal hair count/density, anagen percentage, telo-
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gen percentage, tensile strength, and investigator global assessment), and the secondary
endpoints (patient satisfaction and subject global assessment).

2.3. Endpoint Definition

The differences in hair density (HD) between the baseline (T0) and the LLLT treatments
at 16 weeks (T1), evaluated with instrumental trichoscopy, were the primary outcome.
The p-value indicated LLLT as being an effective treatment option when compared to
the baseline.

Clinical outcomes were analyzed through objective and subjective evaluations. The
objective evaluation was performed by the investigators, while the subjective evaluation
was performed by the patients. The investigators’ evaluation was based on the analysis
of clinical and global pictures, applying a scale of six degrees (excellent, good, discreet,
enough, poor, or inadequate). The patient self-evaluation was performed applying the
same six degrees previously reported. The factors/variables that were also considered
during outcomes analysis were itchiness, slight redness, slight numbness of the treated
area, and headaches.

2.4. Low-Level Light/Laser Therapy (LLLT) Protocols and Devices

LLLT protocols, in this study, were represented by two treatments weekly for four
months with one vial of hair solution (HR3 Matrix Hair Solution Alpha®-DTS MG Co.,
Ltd., Seoul, Korea, #B108-147) penetrated using the Hairgen Booster® device (DTS MG
Co., Ltd., Seoul, Korea, #B108-147) through hair micro-needling stamps (HR3 Matrix
Hair Stamp®-DTS MG Co., Ltd., Seoul, Korea, #B108-147) (Figure 1A). The participation
period for every patient was three months, including the screening/baseline/first treatment
visit until the last follow-up visit at four months. The whole treatment course included
32 sessions of employing a home LLLT device (Figure 1A) conducted twice per week for
16 weeks (wks) (T1). Patients were re-evaluated at four months (T1-16 wks) (four months
after the first treatment session). The Hairgen Booster® was applied and passed over the
targeted area, maintaining the same distance between the scalp and the LEDs, permitting,
contextually, the sterile infiltration (0.22 µm) by the MND stamp of the solution (HR3 Matrix
Hair Solution Alpha®-Repilosome-EPH1) containing the human growth hormone (GH),
epidermal growth factors (EGF), vasoactive intestinal peptide (VIP), several polypeptides
(sh-Polypeptide-7, sh-Oligopeptide-1, sh-Polypeptide-71), glycerin, lecithin, polysorbate
60, sodium citrate, citric acid, phenoxyethanol, and water (Figure 1B). The accuracy of
the procedure, however, depended on the use of one’s hands and on how the device was
passed over the scalp.

The Hairgen Booster® is constituted by lights with various wavelengths ranging from
423 nm to 640 nm. Two colors of lights (red and blue) (Figure 1C,D) that emit an output of
less than 1 W (low-level LED light) were used:

• Blue light (Figure 1C), with a wavelength of 423 nm and a skin penetration depth of
1 mm, activates the keratin present in the hair shaft, increases the water retention of
hair, acts in the microbiological control, and diminishes the sebaceous gland, reducing
the grease of the scalp;

• Red light (Figure 1D), with a wavelength of 640 nm and a skin penetration depth of
1–6 mm, promotes cell metabolism, improves blood circulation, promotes nutrition
supplies to capillaries, strengthens hair strands, promotes the alignment of the cuticles,
and promotes pain relief.

Additionally, the device offers scalp massaging and heating functions to improve
blood flow and provide more nutrients and oxygen to the HFs.

All the patients affirmed, in a declaration signed during the follow-up, that they
respected the use of the recommendations of the device during homecare.
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Figure 1. MND and LLLT protocol (A) Hairgen Booster® (DTS MG Co., Ltd., Seoul, Korea, #B108-147)
device with HR3 Matrix Hair Solution Alpha® (DTS MG Co., Ltd., Seoul, Korea, #B108-147) and HR3
Matrix Hair Stamp® (DTS MG Co., Ltd., Seoul, Korea, #B108-147); (B) detail of HR3 Matrix Hair
Stamp® inserted into the Hairgen Booster®; (C) blue light application (wavelength 423 nm) during
the treatment; (D) red Light application (wavelength 640 nm) during the treatment.

2.5. Patients

This multicentric study was performed initially involving 26 patients that were treated
since January 2020, aged 20–71 years. The 15 males were classified as in stages I–III of
vertex by the Norwood–Hamilton scale, and the 11 females were classified as in stages I–II
by the Ludwig scale.

Patient characteristics are reported in Table 1.
The assessment of HR-G was evaluated with photography, as well as the physician’s

and patient’s global assessment scales and standardized phototrichograms during the
follow-up: T0-baseline, T1-16 weeks. The exclusion criteria were divided into two types,
local and general. General exclusion criteria included the use of pharmacological thera-
peutics targeting AGA (Finasteride®, similar drugs, and/or anti-androgens) within the
previous year, as well as anticoagulation use and chronic dermatologic conditions such
as eczema, psoriasis, infections of the scalp, a history of poor wound healing or keloid
formation, and a history of thyroid dysfunction and/or autoimmune disorders. Local
exclusion criteria included an MPHL, a vertex degree of over III, an FPHL degree of over
II, and the use of topical medicines for AGA (lotions such as Minoxidil®, prostaglandin
analogs, retinoids, or corticosteroids) within the previous year.

Of the 26 patients initially enrolled, 5 males and 1 female were excluded, as they only
later revealed that they continued to apply lotions such as Minoxidil® to the scalp.
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Table 1. Patient characteristics.

Patients Gender
Norwood–
Hamilton

Degree

Ludwig
Degree Targeted Area Age Race

1 Male III-vertex -
Frontal,

temporal,
parietal, vertex

49 Caucasian

2 Male III-vertex -
Frontal,

temporal,
parietal, vertex

31 Asian

3 Male III-vertex -
Frontal,

temporal,
parietal, vertex

61 Caucasian

4 Male II - Frontal,
temporal 26 Asian

5 Male III-vertex -
Frontal,

temporal,
parietal, vertex

71 Caucasian

6 Male III-vertex -
Frontal,

temporal,
parietal, vertex

56 Asian

7 Male IIa -
Frontal,

temporal,
parietal

45 Caucasian

8 Male III-vertex -
Frontal,

temporal,
parietal, vertex

29 Asian

9 Male II -
Frontal,

temporal,
parietal

35 Caucasian

10 Male I - Frontal 20 Asian

11 Female - I Frontal, parietal 40 Caucasian

12 Female - II
Frontal,

temporal,
parietal

60 Asian

13 Female - II
Frontal,

temporal,
parietal, vertex

63 Caucasian

14 Female - II
Frontal,

temporal,
parietal, vertex

40 Asian

15 Female - II
Frontal,

temporal,
parietal, vertex

55 Caucasian

16 Female - II
Frontal,

temporal,
parietal

39 Asian

17 Female - II
Frontal,

temporal,
parietal, vertex

61 Caucasian

18 Female - II
Frontal,

temporal,
parietal

26 Asian

19 Female - I Frontal, parietal 38 Caucasian

20 Female - I Frontal, parietal 25 Asian
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Twenty patients (10 females, including 5 Caucasians and 5 Asians (Figure 2A) and
10 males, including 5 Asians (Figure 3A) and 5 Caucasians (Figures 4A and 5A)) were
included in the study and were analyzed.
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Figure 2. Asian female patients treated with MND and LLLT protocols. (A) Pre-operative view of the
scalp of a 60-year-old female patient affected by AGA II according to Ludwig scale with hair loss
localized in the frontal, temporal, and parietal area; (B) post-operative view at T1-16 wks after MND
and LLLT treatment with detail of HR-G in parietal area.
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Figure 3. Asian male patients treated with MND and LLLT protocols. (A) Pre-operative view of the
scalp of a 29-year-old male patient affected by AGA III-vertex according to Norwood–Hamilton scale
with hair loss localized in the frontal, temporal, parietal, and vertex area; (B) post-operative view at
T1-16 wks after MND and LLLT treatment with detail of HR-G in vertex area.
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Figure 4. TrichoScan digital image analysis performed by Fotofinder in a patient is shown in
Figure 5. (A) At T0 pre-operative hair density was 63 ± 2 hairs/cm2 and proportions of telogen and
anagen hairs were 36.1% and 55.6%, respectively; (B) at T1-16 wks post-operative hair density was
80 ± 2 hairs/cm2, and proportions of telogen and anagen hairs were 44.7% and 51.3%, respectively.
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Figure 5. Caucasian male patients were treated with MND and LLLT protocols. (A) Pre-operative
view of the scalp of 35-year-old male patient affected by AGA II according to Norwood–Hamilton
scale with hair loss localized in the frontal, temporal, and parietal area; (B) post-operative view at
T1-16 wks after MND and LLLT treatment with detail of HR-G in the temporal area.

2.6. The Risk Mitigation Measures

The risk evaluation and mitigation strategies (REMSs) with elements to assure safe use
(ETASU) have been used for the LLLT procedures, performed in two different countries,
with a significant safety risk reduction. ETASU characteristics were represented by the
adoption of the same applicative protocol for all patients, the identification of exclusion
and inclusion criteria, and the use of the medical devices with CE marks. All risks were
identified before the clinical treatments. Ineffective results were the most frequent risk.
Most REMSs required the training of healthcare providers and the suitable evaluation of
the selected patients.

The main rationale for ETASU was to provide patients with safe access to the pro-
cedures. The authors evaluated the individual characteristics of REMSs with ETASU by
searching the FDA website (http://www.accessdata.fda.gov/scripts/cder/rems/index.
cfm, accessed on 1 July 2021) and specifically identified them in:

http://www.accessdata.fda.gov/scripts/cder/rems/index.cfm
http://www.accessdata.fda.gov/scripts/cder/rems/index.cfm
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- The informed consent for all patients, where the risks (represented only by ineffective
results) and side effects of the procedures were reported;

- A specific training plan to healthcare providers;
- A communications plan of the side effects (represented only by itching, slight redness,

slight numbness of the treated area, and headaches);
- The need for CE marks for the medical devices used; and
- The need to enroll patients through the inclusion and exclusion criteria.

2.7. The Trichoscopy Evaluation of the Targeted Area

Phototrichograms (Figure 4A,B) were taken of all scalps by a trained evaluator us-
ing FotoFinder video-epiluminescence microscopy (FotoFinder Systems; http://www.
fotofinder.de, accessed on 1 July 2021) in combination with the TrichoScan digital image
analysis (Tricholog GmbH and Datinf GmbH; http://trichoscan.com, accessed on 1 July
2021). TrichoScan is a digital software-supported epiluminescence technique for measuring
the hair count (the number of hairs per 0.65 cm2), hair density (number of hairs per cm2),
hair diameter, anagen-to-telogen ratio, and vellus hair-to-terminal hair ratio. To determine
the quality of hair that led to an increased hair density, it is important to differentiate the
number of terminal and vellus hairs. In the TrichoScan analysis, all hairs with a diameter >
40 µm were categorized as terminal hairs; those with a lesser diameter were categorized as
vellus hairs. In all patients in both the treatment and control half-heads, the two targeted
areas (TA) of HL were defined and marked with a semi-permanent tattoo for the subsequent
trichogram. In the TA, hairs were clipped and dyed brown for 10 min to improve the hair
contrast for the analytic software. The evaluator of the computerized trichogram analysis
was blinded regarding the treatment and control areas of the scalp and was not involved in
the administration of the treatment.

2.8. Statistical Analysis

HD was expressed as a mean plus or minus the standard deviation (SD). HD differ-
ences between the different time points were assessed by a one-way repeated measures
analysis of variance (ANOVA); the post-hoc analysis was performed using the Sidak test.
All tests were two-tailed and statistical significance was considered as p < 0.05. All anal-
yses were performed using an online p-value calculator (https://www.graphpad.com/
quickcalcs/ttest1.cfm, accessed on 1 July 2021).

3. Results
3.1. Instrumental Evaluation Using Trichoscopy Analysis

Encouraging results were represented by an HD increase of 12 ± 2 hairs/cm2 at
T1 after 16 weeks (16 wks vs. 0 wks) (Figure 4B) in the TA compared with the baseline
(Figure 4A). Fifty-nine plus/minus two hairs/cm2 at T1 versus 47 ± 2 hairs/cm2 at baseline
were observed using computerized trichograms, with a statistically significant difference in
HR-G (p = 0.0238), while the control area (CA) displayed a mean decrease of 1.1 hairs/cm2

(control vs. treatment: p < 0.0001). All the details, in terms of HD, have been reported in
Table 2. No statistically significant differences in vellus HD among the baseline and T1
have been reported.

No statistically significant differences in HD improvement among Caucasians and
Asians at T1 were observed.

http://www.fotofinder.de
http://www.fotofinder.de
http://trichoscan.com
https://www.graphpad.com/quickcalcs/ttest1.cfm
https://www.graphpad.com/quickcalcs/ttest1.cfm


Appl. Sci. 2022, 12, 217 9 of 14

Table 2. In vivo evaluation using trichoscopy analysis in terms of hair density (HD) (hairs/cm2)
improvement.

Patients Procedure Hair Density
(T0)

Hair Density
(T1-16 wks)

1 DTSMG MTS stamp + HR3
matrix

30 ± 2
hairs/cm2

42 ± 2
hairs/cm2

2 DTSMG MTS stamp + HR3
matrix

44 ± 2
hairs/cm2

55 ± 2
hairs/cm2

3 DTSMG MTS stamp + HR3
matrix

59 ± 2
hairs/cm2

78 ± 2
hairs/cm2

4 DTSMG MTS stamp + HR3
matrix

36 ± 2
hairs/cm2

45 ± 2
hairs/cm2

5 DTSMG MTS stamp + HR3
matrix

75 ± 2
hairs/cm2

96 ± 2
hairs/cm2

6 DTSMG MTS stamp + HR3
matrix

43 ± 2
hairs/cm2

52 ± 2
hairs/cm2

7 DTSMG MTS stamp + HR3
matrix

76 ± 2
hairs/cm2

97 ± 2
hairs/cm2

8 DTSMG MTS stamp + HR3
matrix

52 ± 2
hairs/cm2

60 ± 2
hairs/cm2

9 DTSMG MTS stamp + HR3
matrix

42 ± 2
hairs/cm2

60 ± 2
hairs/cm2

10 DTSMG MTS stamp + HR3
matrix

38 ± 2
hairs/cm2

44 ± 2
hairs/cm2

11 DTSMG MTS stamp + HR3
matrix

40 ± 2
hairs/cm2

53 ± 2
hairs/cm2

12 DTSMG MTS stamp + HR3
matrix

30 ± 2
hairs/cm2

42 ± 2
hairs/cm2

13 DTSMG MTS stamp + HR3
matrix

63 ± 2
hairs/cm2

80 ± 2
hairs/cm2

14 DTSMG MTS stamp + HR3
matrix

35 ± 2
hairs/cm2

41 ± 2
hairs/cm2

15 DTSMG MTS stamp + HR3
matrix

50 ± 2
hairs/cm2

65 ± 2
hairs/cm2

16 DTSMG MTS stamp + HR3
matrix

40 ± 2
hairs/cm2

44 ± 2
hairs/cm2

17 DTSMG MTS stamp + HR3
matrix

65 ± 2
hairs/cm2

78 ± 2
hairs/cm2

18 DTSMG MTS stamp + HR3
matrix

33 ± 2
hairs/cm2

38 ± 2
hairs/cm2

19 DTSMG MTS stamp + HR3
matrix

56 ± 2
hairs/cm2

65 ± 2
hairs/cm2

20 DTSMG MTS stamp + HR3
matrix

45 ± 2
hairs/cm2

57 ± 2
hairs/cm2

3.2. Clinical Evaluation

Regarding the investigator evaluation, scores ranged from 2 to 5 (p = 0.123), and
14 patients (70%) (8 males and 6 females), who underwent the LLLT reported good results
regarding global scalp coverage and hair thickness (Figures 2B, 3B, and 5B) versus 6 patients
(30%) (2 males and 4 females) with ineffective results.
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Regarding the patient evaluation, scores ranged from 1 to 4 (p = 0.031), and 17 pa-
tients (85%) (9 males and 8 females) indicated a good level of satisfaction regarding the
global scalp coverage, versus only 3 patients (15%) (1 male and 2 females) who indicated
ineffective results.

The results reported show male patients as more satisfied than female patients. A
satisfaction grade assessment questionnaire analysis showed that all people (Caucasian and
Asian) would choose to undergo hair biostimulation with LLLT and they were sufficiently
informed about the risks and side effects of this treatment (including the high possibility of
repeating the treatment multiple times).

4. Discussion

Several studies have investigated different low-level laser and light sources with
related treatment parameters for the management of alopecia, like LLLT [19–24], various
wavelengths of LED light [25,26], and several other techniques that are combined, such as
LED-LLLT [27]. Although the available literature regarding phototherapy-based devices to
treat AGA is restricted, the study results regarding the outcomes showed a more robust
performance than those reported in previous studies.

Leavitt et al. (2009) [27] conducted a 26-week, randomized, double-blind, device-
controlled, multicenter trial during which 110 male patients with AGA IIa-V were random-
ized for treatment with the HairMax LaserComb® [27]. The primary efficacy endpoint was
the mean terminal HD. At 26 weeks, HD had an average increase of 19.8% in the patients
of the study group. Kim et al. (2013) [20] performed a randomized, double-blind, sham
device-controlled trial at two research centers that included 40 male and female subjects
with AGA treated with a helmet-type 3R LLLT device, with a lightweight source consist-
ing of LEDs emitting wavelengths of 630 nm (3.5 mW, 24 units, L-513ECA) and 660 nm
(2.5 mW, 18 units, L-513LRC) and an LD with wavelengths of 650 nm (4 mW, 27 units,
DL3147-060) [20]. The primary efficacy endpoint was HD after 24 weeks of treatment
estimated with trichograms. Six months after the last procedure, the mean percentage of
the increase in HD was 14.7%. Finally, Suchonwanit et al. (2018) [28] conducted a 24-week,
prospective, randomized, double-blind, device-controlled run that included male subjects
aged over 18 years with AGA that were treated with RAMACAP, a combat helmet-shaped
device containing single-mode LDs which emitted a wavelength of 660 ± 10 nm [28]. The
first efficacy endpoint was HD and the hair diameter in the TA at weeks 8, 16, and 24, by
photographing the TA with a Folliscope® and measuring it with Folliscope 2.8 software
(LeadM Corporation, Seoul, Korea). Six months after treatment, the mean percentage of an
increase in HD was 9.1%.

However, there was a significant difference between light and laser sources. Thirty-
two home-use LLLT devices cleared by the US-FDA were found and analyzed in the
literature through several studies, including seven randomized clinical trials (RCTs) (such
as 1 Capillus® [29], 2 HairMax® [27], 2 iGrow® [30–32], and 2 iRestore® [33,34]), and two
cohort studies (one perspective [35] and one retrospective [36]) to support the efficacies of
home-use LLLT devices.

The subjects in most of the RCTs had mild to moderate patterned hair loss, MPHL
(NW grade IIa-V) and/or FPHL (LW–Savin Baldness Scale I-2, I-3, I-4, II-1, and II-2). The
duration of studies ranged from 16 to 26 weeks, with a mean duration of 21.3 weeks. For the
assessment, most RCTs showed positive results of an increase in microscopic hair counts.
The majority of the LLLT treatment groups yielded a statistically significant improvement
in hair counts compared to the control group. In two non-controlled trials [35,36], LLLT
also demonstrated an improvement when compared to baseline, with no provided p-value.
Meanwhile, there was one RCT that also studied the effectiveness of a helmet LLLT device
in combination with topical minoxidil in FPHL [37]. The application protocol differences of
LLLT devices included the shape, light source, number of LEDs and LDs, the wavelength,
and the total power output. Due to no head-to-head study to evaluate the devices, the
clinical benefits of one over the other cannot be determined. When considering the number
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of diodes, the comb-type LLLT devices used the least number of diodes, ranging from 7
to 12 diodes. Besides, the prices of the comb-type LLLT devices were cheaper than other
shapes and proved clinical effectiveness [31]. Therefore, they could be good options for
patients with financial limitations. Additionally, the hands-free devices, including caps [29]
and helmets [30,32,37], which have proven clinical effectiveness, usually used a high
number of diodes ranging from 40 to 304 diodes with user-friendly capabilities. Patients
could manage their daily activities during treatment sessions. Among 32 home-use LLLT
devices, the majority (87.5%) of them were composed of only one LD, with essential lasers
for therapeutic benefits. Following the collimated, coherent, highly monochromatic beam
properties, the possibility of high-power densities was then considered preferable [38].
Interestingly, this systematic review revealed a significant difference between light and
laser sources. However, the non-coherent light sources, such as LEDs and broad-band
lamps, have recently become common with the advantages of LED, including no laser
safety considerations, the ease of home use, the ability to irradiate a large area of tissue
at once, the possibility of a wearable device, and the much lower cost per mW. A range
of light energy sources, from LEDs to lasers, have been used with specific advantages
and limitations [39]. Currently, there is evidence to show the non-dependence of photo-
biomodulation on lasers or coherence. However, the monochromatic LED devices could
also yield physiological effects [38]. The study of LLLT devices for MPHL and FPHL
treatments consisted of 224 red LDs (660 nm, 5 mW) for the treatment group, while the sham
devices were composed of 224 LED (650 + 20 nm) for the control group. Each LD had optical
power at the irradiance of 3.5 mW/cm2, whereas LEDs had the power of 0.5 mW/diode
(ten times lower than LD). The results of the study yielded an increase in HD and in hair
diameter in both groups. The treatment group was significantly superior to the sham
devices. The mean change from baseline to week 24 for HD was 10.21 ± 3.25 hairs/cm2 in
the treatment group, versus 3.95 ± 1.32 hairs/cm2 in the sham group. The mean change
for the hair diameter was 6.11 ± 2.15 µm in the laser group versus 3.76 ± 1.24 µm in the
sham group. Therefore, the LEDs seemed to influence photo-biomodulation, as well as
the LDs. Due to the very low power of LEDs used in this study (0.5 mW/diode), when
compared to the appropriate dose of 2–4 J/cm2, the results of LEDs in this study could
not be concluded [28]. Nevertheless, some head-to-head studies that compared both light
sources showed no difference in their effects [37]. Hence, more high-quality head-to-head
comparison studies are recommended to verify the significant differences between dose
responses and the physiological effects of LEDs and laser PBMs [37,39]. When considering
the wavelength, all devices used the light/laser sources with 620–678 nm due to the
absorption peak at 660 nm [40], with CCO as the chromophore for LLLT. According to the
Arndt–Schulz Law, as reported in the article of Huang et al. [41], it is widely accepted that
if the irradiance or the duration is too short, there is no response. Similarly, if the irradiance
or duration is too high, then the response may be instead inhibited. According to Huang
et al. [41], the irradiance of 2–4 J/cm2 was suspected to be appropriate. When this theory
was applied to the LLLT devices, it usually provided patients with therapeutic irradiance.
From the published articles that support the effectiveness of the devices, it is obvious that
the included participants had only mild to moderate MPHL and/or FPHL.

However, no study has been conducted for severe cases of HL. In a study that com-
pared the effectiveness of standard treatments, including oral finasteride and topical mi-
noxidil with LLLT, 1 mg of Finasteride® in MPHL for 12 months significantly increased
the total hair counts by 7.3% and 8.99% at 6 and 12 months, respectively (p < 0.001) [42],
whereas 2% and 5% topical Minoxidil® demonstrated a significant increase in non-vellus
hair counts of 8.84% (p = 0.013) and 12.3% (p < 0.001) at 48 weeks, respectively [43]. The
LLLT effectiveness revealed a significant increase in terminal hair counts of 20.9 (12.79%,
p = 0.0249) vs. 25.7/cm2 (16.96%, p = 0.0028) in the 9- and 12-beam laser comb treated areas
at 26 weeks after treatment, respectively [31]. Hence, the effectiveness of LLLT appeared to
be comparable to the conventional hair loss treatments. Moreover, comparable effectiveness
was also observed in the treatment of FPHL for four months. Furthermore, the combination
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of the treatment of 5% Minoxidil® and LLTT seemed to provide a better response on HD
than Minoxidil® or LLLT alone [37]. A literature analysis demonstrated the relative effec-
tiveness and safety of LLLT in the treatment of MPHL and/or FPHL from the analysis of
RCTs, offering another new effective treatment method for HL. In the author’s opinion, the
need for large-scale RCTs and more systematic reviews appears necessary to confirm the
effectiveness of LLLT, which is currently suffering from considerable applicative protocol
heterogeneity. The heterogeneity is mainly because of the different treatment regimens
represented by the LED or LD number, device shape, and kind (cap, comb, hairband, or
helmet), wavelength, the power adopted, and the duration times. For the above-mentioned
reasons, currently a widely shared protocol of LLLT application is lacking.

5. Conclusions

This case-series study showed the effectiveness of LLLT in mild to moderate MPHL
(AGA I-III sec. Norwood–Hamilton) and FPHL (AGA I sec. Ludwig) through clinical and
trichoscopy analyses without any side effects. For these reasons, LLLT therapy may be
considered a safe procedure, but for the moment, it is effective only in treating a low degree
of AGA.
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