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ABSTRACT
Background: Alopecia encompasses a group of conditions that can significantly impact quality of life, especially among women 
and younger individuals. While pharmaceutical therapies remain the cornerstone of treatment, laser and light-based therapies, 
especially low-level light therapy (LLLT), offer promising noninvasive alternatives. LLLT uses specific wavelengths of light to 
stimulate hair follicle repair, prolong the hair growth phase, and promote regrowth. Recent advancements in at-home devices 
and dual-wavelength LED systems have expanded access to these therapies. This review explores the role of LLLT in treating 
alopecias, evaluating its mechanisms, efficacy, and clinical applications.
Methods: A PubMed search using terms related to alopecia and laser/light therapy was conducted. Results were limited to 
English-only articles from 2020 to 2025, excluding duplicates. Additional articles were identified through citation tracking. 
Studies not focused on light-based therapies were excluded.
Results: Of 403 articles identified, 63 were included based on relevance to alopecia or hair loss and light-based therapy. Results 
were categorized by treatment modality and type of hair loss, with overlap between categories.
Discussion: This review highlights the growing role of LLLT as an adjunct or alternative treatment for various types of alopecia. 
In androgenetic alopecia, LLLT improves hair density and follicular responsiveness, with enhanced outcomes when combined 
with minoxidil or finasteride. For telogen effluvium, LLLT shows potential in prolonging the anagen phase and reducing shed-
ding, although larger studies are needed. In alopecia areata, LLLT may promote regrowth by modulating immune responses 
and improving perifollicular microcirculation. Emerging data also support LLLT in lichen planopilaris and central centrifugal 
alopecia (CCCA), with case reports showing reduced inflammation and hair regrowth. Overall, LLLT offers a noninvasive, well-
tolerated option across alopecia subtypes, though standardized protocols and long-term data remain limited.

1   |   Introduction

Alopecia refers to a group of multifactorial conditions that af-
fect millions of patients worldwide, with various subtypes dis-
tinguished by their underlying etiology, clinical presentation, 

and progression. It is broadly classified into scarring and non-
scarring alopecias [1]. Its prevalence varies by subtype and pop-
ulation, with androgenetic alopecia (AGA) affecting up to 50% 
of men and 30%–40% of women by age 50 and alopecia areata 
(AA) affecting approximately 2% of the general population [2, 3].
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Alopecia can have significant psychological and social impacts, 
and in the case of scarring alopecia, significant morbidity, mak-
ing effective treatment crucial. The psychological burden is most 
notable among younger individuals and women, where hair loss 
can severely affect self-esteem and quality of life [4, 5]. While 
pharmaceutical management for alopecia has been the main-
stay of treatment, laser and light-based therapies have emerged 
as promising, noninvasive treatment modalities [4].

Laser and light-based therapies, particularly low-level light 
therapy (LLLT) or photobiomodulation, offer a novel therapeu-
tic avenue that continues to evolve with ongoing technological 
advancements and clinical research of the various types of alo-
pecia. It is referred to as “low level” because it delivers a lower 
amount of energy than other light-based devices, typically 
within the range of 1–9 J/cm2 [6]. Photobiomodulation involves 
the use of specific wavelengths of low level light (typically in the 
red or near-infrared spectrum) to stimulate cellular processes 
and enhance tissue repair, including within hair follicles [7]. 
These therapies are believed to prolong the anagen phase of the 
hair cycle, increase vascularization around the follicles, and pro-
mote the proliferation of dermal papilla cells, thereby encourag-
ing hair regrowth and reducing hair thinning [8]. LLLT at-home 
devices such as combs, helmets, and caps have shown varying 
degrees of positive results in clinical studies for alopecia, with 
side effects primarily limited to mild scalp irritation and pru-
ritus and overall good patient tolerability [9–11]. Additionally, 
recent technological advancements have led to more efficient 
light delivery systems and home-use devices that expand ac-
cess and convenience for patients, particularly regarding dual 
wavelength LED devices [10]. Ongoing clinical trials and mech-
anistic research continue to refine our understanding of optimal 
wavelengths, treatment regimens, and combinations with other 
therapies, positioning light-based treatments and photobiomod-
ulation as a valuable component in the management of hair loss 
[12]. This review explores the role of LLLT in managing differ-
ent alopecias, examining their mechanisms, efficacy, and clini-
cal applications.

2   |   Materials and Methods

A PubMed search was conducted using the terms “alopecia” 
OR “hair loss” AND “laser” OR “photodynamic therapy” OR 
“light”. Results were screened to include English-only articles 
between 2020 and 2025 and excluded duplicates. Results were 
then screened for relevance and excluded articles that did not 
focus on laser/light therapy for treatment of alopecias or hair 
loss specifically. Further exploration of laser and light therapy as 
a therapy for alopecias was enhanced through citation tracking 
and additional PubMed searches. This resulted in the inclusion 
of some articles from dates outside of our searched window.

3   |   Results

A total of 403 articles resulted from our search criteria. Of that, 
63 articles were chosen for inclusion in this review based on 
their relevance to both alopecias and hair loss and light therapy 
as a treatment modality. Results were categorized based on their 
treatment modality and type of hair loss treated and reported in 

the appropriate subsection. Inclusion in one of the categories did 
not preclude data inclusion in another. A flowchart is included 
below illustrating the search process for articles included in our 
review (Figure 1).

4   |   Discussion

For the purposes of this review, the discussion section is or-
ganized by diagnosis with commentary and results following. 
AGA and telogen effluvium (TE) were chosen as the first two 
sections due to their prevalence and often clinically indistin-
guishable presentations.

4.1   |   Androgenetic Alopecia

AGA is the most common form of hair loss, affecting up to 80% 
of men and nearly 50% of women over the course of their lives 
[13]. In males, AGA typically presents as progressive hair loss 
in the vertex, bitemporal, or midfrontal scalp. In females, the 
presentation is often more diffuse, with thinning concentrated 
along the central scalp while generally sparing the frontal hair-
line [2, 4].

The pathophysiology of AGA centers around the androgen dihy-
drotestosterone (DHT), a potent metabolite of testosterone. DHT 
is produced via the enzymatic conversion of testosterone by 5α-
reductase (5aR). Once formed, DHT binds to androgen receptors 
on hair follicles, particularly in androgen-sensitive areas of the 
scalp, initiating a cascade that shortens the anagen (growth) 
phase and prolongs the telogen (resting) phase of the hair cycle 
[14, 15]. This results in progressive miniaturization of terminal 
hair follicles, transforming thick, pigmented terminal hairs to 
short, fine, vellus hairs over time [4, 16].

Diagnosis of AGA is primarily clinical, based on characteristic 
patterns of hair loss observed during physical examination. In 
males, the Norwood–Hamilton classification system is com-
monly used to stage the severity of hair loss, whereas in females, 
the Ludwig scale is the standard [17, 18].

FIGURE 1    |    Flowchart depicting PubMed search strategy and article 
inclusion.
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Conventional treatments for AGA include topical arteriolar di-
lators such as minoxidil to increase blood flow and potentially 
prolong the anagen phase, or oral 5aR inhibitors such as fin-
asteride or dutasteride, which reduce DHT levels and mitigate 
follicular miniaturization [19]. Additionally, nutrient supple-
ments have shown some efficacy as well as platelet-rich plasma 
[4, 20]. Despite these therapies, limitations such as side effects, 
variable response, and poor long-term adherence have led to 
growing interest in alternative and adjunctive approaches, in-
cluding LLLT.

LLLT has emerged as a promising treatment modality for AGA. 
In-office and at-home devices typically use red (wavelengths be-
tween 620 and 680 nm), which penetrate the scalp and stimulate 
follicular cells. The proposed mechanisms include increased 
ATP production in mitochondria, upregulation of antiapoptotic 
proteins, improved microcirculation, and modulation of inflam-
matory mediators in the hair follicle environment [7, 21].

Several clinical studies have supported the efficacy of LLLT in 
both male and female AGA. In a double-blind, placebo device-
controlled trial by Leavitt et  al. participants using an LLLT 
device demonstrated a significant increase in terminal hair den-
sity compared to the placebo device after 26 weeks [22]. A dual 
wavelength LED LLLT device (Revian System, Revian Inc.) has 
been shown to decrease DHT production via stimulated nitric 
oxide production within cells specific to hair growth [23, 24]. 
Results from a prospective, randomized-control, double-blind, 
parallel study to evaluate the efficacy and safety of this all-LED, 
dual wavelength red light therapy device in men and women 
with AGA revealed that subjects who were treated with the dual 
wavelength LED device and were at least 80% compliant for the 
duration of the study had an average of 21 more hairs per cm2 
compared to those who used a placebo device after 16 weeks. 
Subjects treated with placebo continued to lose hair over the 
duration of the study [10]. Another study looking at the dual 
wavelength LED device also demonstrated strong compliance 
(80%), indicating both ease of use and efficacy [25]. Similarly, 
Kim et al. showed that both men and women treated with LLLT 
helmets experienced statistically significant improvements in 
hair counts and subjective assessments of hair thickness and 
satisfaction [11]. These findings suggest that LLLT can not only 
slow the progression of hair loss but also may promote regrowth 
in affected individuals.

Combining LLLT with established treatments such as minoxi-
dil or finasteride has been shown to potentially enhance clinical 
outcomes compared to monotherapy. In a randomized control 
trial by Lanzafame et al. participants using both LLLT and 5% 
topical minoxidil demonstrated significantly greater increases 
in hair density than those using either therapy alone, suggest-
ing a synergistic effect [26]. Similarly, a study by Munck et al. 
found that combining finasteride with LLLT led to improved 
hair growth parameters, including hair count and patient satis-
faction, when compared to finasteride alone [27]. These findings 
support the hypothesis that photobiomodulation may potenti-
ate the effects of pharmacologic agents by improving follicular 
responsiveness, enhancing blood flow, and mitigating inflam-
mation. As such, combination therapy may be particularly ben-
eficial for individuals with moderate to severe AGA or for those 
seeking more robust results within a shorter timeframe.

LLLT is generally well-tolerated with minimal reported side 
effects, the most common being transient, self-resolving scalp 
pruritus. Furthermore, the availability of at-home devices has 
improved accessibility and convenience for patients, and dual 
wavelength devices linked to a phone-based app can signifi-
cantly improve compliance. While results may vary depending 
on treatment adherence, device quality, and baseline severity, 
LLLT, particularly dual wavelength devices, represents a valu-
able addition to the therapeutic arsenal for AGA, particularly 
when used in combination with established pharmacologic 
treatments.

4.2   |   Telogen Effluvium

TE is a non-scarring, diffuse alopecia that results from a dis-
ruption of the hair cycle, specifically a premature shift of hair 
follicles from the anagen (growth) phase to telogen (resting) 
phase. Common triggers include emotional stress, systemic ill-
ness, nutritional deficiencies, medications, childbirth, and hor-
monal changes [28]. TE typically presents with excessive daily 
hair shedding, often with a positive hair pull test, and it is more 
prevalent in women.

Diagnosis is clinical but can be supported by dermoscopy or 
trichoscopy, which may reveal empty follicular ostia and a 
predominance of telogen hairs. Acute TE generally resolves 
spontaneously within 6 months if the trigger is removed, while 
chronic TE persists beyond 6 months and may require targeted 
treatment.

Conventional management of TE includes addressing underly-
ing causes, nutritional optimization, and in some cases, topical 
minoxidil [29]. However, due to patient frustration and vari-
ability in recovery, adjunctive therapies like LLLT have gained 
attention.

LLLT enhances mitochondrial activity, increases ATP produc-
tion, and prolongs the anagen phase, directly addressing the 
underlying cause of TE. In a study by Amer et al. seven women 
with clinically diagnosed TE were treated with a LLLT device 
twice weekly for 16 weeks. While the improvement in total hair 
count was not statistically significant (mean increase of 8.7%; 
p-value = 0.143), patients reported subjective benefits in hair 
shedding and density. Notably, 71.4% of patients reportedly im-
proved hair density, and 57.1% experienced less hair fall, with no 
serious adverse effects [30]. Similarly, Sorbellini et al. reported 
that LED-based LLLT may support recovery in stress-induced 
and reactive TE by enhancing vascular and metabolic support 
to follicles. The therapy was proposed as a useful noninvasive 
adjunct, particularly for chronic or relapsing TE, although more 
robust studies are needed to confirm long-term outcomes [31].

4.3   |   Alopecia Areata

AA is an autoimmune disorder characterized by non-scarring, 
patchy hair loss, most commonly affecting the scalp, although 
any hair-bearing area can be involved. Hair loss may be present 
in distinct patterns, including the ophiasis pattern (localized to 
the occipital and temporal regions), sisaipho (reverse ophiasis, 
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involving the frontal and parietal scalp), and diffuse pattern. In 
severe cases, AA can progress to alopecia totalis (loss of all scalp 
hair) or alopecia universalis (loss of all body hair) [32, 33].

The underlying pathogenesis of AA involves a T-cell-mediated 
immune response directed against hair follicles during the an-
agen phase. Histopathology typically reveals a “swarm of bees” 
lymphocytic infiltrate comprised primarily of CD8+ cytotoxic 
T-cells and CD4+ helper T-cells [34]. Additionally, antibodies 
targeting hair follicle antigens, including IgG subclasses, and 
elevated interferon gamma have been implicated, suggesting a 
role for both cellular and humoral immunity [35]. AA is consid-
ered a polygenic disease, with genome-wide association studies 
identifying multiple susceptibility loci linked to immune func-
tion, including HLA-DR, CTLA-4, and IL2-Rα [36]. AA can also 
coexist with other autoimmune conditions, including thyroid 
disease, vitiligo, and atopic dermatitis [37].

While corticosteroids (topical, intralesional, or systemic) re-
main a mainstay of therapy, and the recent introduction of Janus 
Kinase (JAK) inhibitors such as ritlecitinib has shown tremen-
dous promise for severe AA, a growing body of research sup-
ports the role of light-based treatments (including LLLT) in AA 
and has been explored as adjunctive or alternative options to im-
munosuppressive agents [38, 39].

Single wavelength devices, such as the 308 nm excimer laser, 
have shown beneficial outcomes in the treatment of AA. This 
modality is believed to induce T-cell apoptosis and suppress local 
cytokine signaling. Multiple studies have demonstrated partial 
to complete regrowth in treated patches, with relatively few ad-
verse effects [40]. In a study by Al-Mutairi from 2007, 41.5% of 
total patches of AA treated experienced at least 50% regrowth 
of hair, and thirteen of eighteen scalp lesions (72.2%) showed 
complete regrowth of hair after 12 weeks. Notably, this study 
demonstrated that extremity regions failed to show response to 
laser treatment, suggesting a potential advantage for application 
in more centrally located AA lesions [41].

LLLT has been proposed to modulate immune responses in 
AA through anti-inflammatory and immunoregulatory mech-
anisms. While evidence remains limited, case series and pilot 
studies suggest that LLLT can promote hair regrowth by reduc-
ing perifollicular inflammation and enhancing microcircula-
tion. Patients with AA were able to see significant increases in 
both hair assessment scales and in manual hair counting after 
twice weekly LLLT treatments for 2 months [42]. This is partly 
attributed to the ability of LLLT to activate cytochrome C in 
mitochondria, increasing electron transport and therefore ATP. 
This reverts hair follicles out of the dormant, telogen phase and 
into the growth, anagen phase [26]. Additional proposed mech-
anisms include additional, unrecognized pathways involved 
in the pathogenesis of AA including those on the subcellular 
and molecular level that LLLT is able to reduce or reverse com-
pletely [43].

4.4   |   Lichen Planopilaris

Lichen planopilaris (LPP) is a primary, lymphocytic cicatricial 
alopecia characterized by perifollicular inflammation leading 

to permanent hair loss. Clinically, LPP presents with multifocal 
patches of alopecia, perifollicular erythema, scaling, and fol-
licular hyperkeratosis, predominantly affecting the vertex and 
parietal scalp regions [44]. Histopathologically, LPP exhibits a 
lichenoid interface dermatitis with a perifollicular lymphocytic 
infiltrate, basal vacuolar degeneration, and concentric perifol-
licular fibrosis, particularly at the level of the isthmus and in-
fundibulum [45].

The pathogenesis of LPP is not fully understood, but it is believed 
to involve an autoimmune response targeting follicular antigens, 
leading to follicular destruction and scarring. Traditional treat-
ments aim to halt disease progression and alleviate symptoms. 
First-line treatment options include high-potency topical corti-
costeroids and topical calcineurin inhibitors. In more extensive 
or refractory cases, systemic agents such as hydroxychloroquine, 
cyclosporine, and mycophenolate mofetil have been employed, 
with recent data on JAK inhibitors also emerging [46–50].

LLLT has also emerged as a potential adjunctive treatment for 
LPP. A case series reported four patients with LPP who demon-
strated significant improvement following LLLT, including a 
dramatic reduction in inflammation, symptom resolution, and 
visible hair regrowth without adverse effects [51]. These results 
indicate a route for further exploration of LLLT as a desirable 
treatment option for LPP and other lichenoid conditions. Larger, 
controlled studies should be conducted to establish the efficacy 
and safety of LLLT in the management of LPP.

4.5   |   Frontal Fibrosing Alopecia

Frontal fibrosing alopecia (FFA) is a primary lymphocytic cica-
tricial alopecia and a clinical variant of LPP. It is characterized 
by progressive recession of the frontotemporal hairline, often ac-
companied by eyebrow loss, perifollicular erythema, and follic-
ular hyperkeratosis [52]. FFA primarily affects postmenopausal 
women but can also occur in premenopausal women and men 
[52, 53]. The pathogenesis of FFA is not fully understood, but 
it is believed to involve immune-mediated destruction of follic-
ular epithelial stem cells in the bulge region of the hair follicle 
unit, possibly triggered by hormonal or environmental factors. 
Histologically, it is marked by perifollicular lymphocytic in-
flammation and fibrosis, leading to permanent follicle loss [54].

Traditional treatments for FFA have included topical and 
intralesional corticosteroids, calcineurin inhibitors, hy-
droxychloroquine, 5aR inhibitors, and systemic immunosup-
pressants such as mycophenolate mofetil and methotrexate. 
These therapies aim to reduce inflammation and slow disease 
progression, though hair regrowth is rarely achieved once fi-
brosis has occurred [55]. New data has also emerged on the 
use of both topical and oral JAK inhibitors for the treatment 
of FFA; however, the studies are limited by sample size and 
quantity and therefore need further exploration [48–50]. Given 
the complex nature of FFA, light-based therapies have not his-
torically been a first-line treatment. However, recent interest 
has emerged in LLLT as a potential adjunctive option due to 
its ability to stimulate follicular stem cell activity, enhance 
mitochondrial function, and exert anti-inflammatory effects, 
which may benefit early-stage FFA where active inflammation 
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precedes irreversible fibrosis [7, 26]. Although no trials or case 
reports have demonstrated efficacy in treating FFA specif-
ically, the existing data on LLLT for LPP is encouraging for 
future studies on LLLT for FFA.

4.6   |   Central Centrifugal Cicatricial Alopecia

Central centrifugal cicatricial alopecia (CCCA) is the most 
common form of scarring alopecia in women of African de-
scent and is characterized by progressive hair loss that typi-
cally begins at the crown and spreads centrifugally [56]. The 
clinical presentation includes decreased hair density, peri-
follicular scaling, and follicular dropout. Histopathological 
features show follicular and infundibular hyperkeratosis, 
perifollicular lymphocytic infiltration, and concentric fibro-
sis around the follicle, which leads to permanent hair loss if 
untreated [57].

The exact etiology of CCCA remains unclear, but contributing 
factors may include genetic predisposition, inflammation, and 
hair grooming practices that induce chronic mechanical or ther-
mal trauma [58]. Mutations in the PADI3, involved in hair shaft 
formation, have been implicated in familial cases [58].

Current treatment strategies focus on halting disease progres-
sion by reducing inflammation and minimizing additional 
trauma to the scalp. Common therapies include topical and in-
tralesional corticosteroids, topical calcineurin inhibitors, oral 
tetracyclines, and systemic agents such as hydroxychloroquine 
[56, 59].

While the use of light-based therapy in CCCA is not well estab-
lished, emerging interest in LLLT has prompted clinical explora-
tion. Specifically, promising results from a dual wavelength LED 
device have opened a new avenue in the treatment for CCCA. 
Ongoing clinical trials continue to explore this treatment modal-
ity and have shown promising initial results [12]. A case series 
by Cook and colleagues from 2023 described disease stabiliza-
tion in addition to both subjective and objective improvement in 
hair density in four women with CCCA treated with LLLT [60]. 
More rigorous clinical trials are needed to evaluate the safety 
and efficacy of light-based treatment modalities in this form of 
scarring alopecia.

4.7   |   Traction Alopecia

Traction alopecia (TA) is a form of hair loss caused by prolonged 
tension on the hair shafts due to certain hairstyles and groom-
ing practices. It is most commonly seen along the frontal and 
temporal scalp margins and disproportionately affects women 
of African descent, although it occurs across all ethnic groups 
[61, 62]. Clinical findings vary depending on the stage of disease: 
early TA is characterized by perifollicular erythema, follicular 
hyperkeratosis, and non-scarring hair loss, whereas chronic TA 
results in permanent scarring and follicular dropout, particu-
larly at the anterior hairline [63]. The condition is often diag-
nosed clinically and can be graded using the Marginal Traction 
Alopecia Severity (M-TAS) scale, which provides a standardized 
method for assessing disease severity and progression [61, 64].

The pathogenesis of TA is mechanical in origin, stemming from 
chronic tension and traction that leads to inflammation, follic-
ular degeneration, and eventually fibrosis if uncorrected. While 
reversible in early stages, chronic TA can mimic scarring alope-
cias such as CCCA or FFA [65].

Treatment of TA involves immediate cessation of traction-
inducing hairstyles and patient education on protective styling 
techniques. Pharmacologic interventions include topical or 
intralesional corticosteroids to reduce inflammation, topical 
minoxidil to promote hair regrowth, and in some cases, oral tet-
racyclines or calcineurin inhibitors when perifollicular inflam-
mation is present [66, 67].

There is limited but emerging evidence that LLLT may play a 
supportive role in the management of early-stage TA. LLLT's 
mechanism of action (see prior sections) could be beneficial if 
active follicles remain [7].

4.8   |   Scarring Alopecia Secondary to Other 
Disorders

Secondary scarring alopecia arises from external insults or 
systemic diseases that destroy the hair follicle and replace 
it with fibrotic tissue. Unlike primary cicatricial alopecias, 
which originate from an inflammatory process targeting 
the follicle itself, secondary scarring alopecias result from 
broader dermal damage. Common causes include burns, radi-
ation, trauma, certain infections, and autoimmune conditions 
such as scleroderma and discoid lupus erythematosus (DLE). 
Regardless of etiology, the destruction of the follicular stem 
cells and sebaceous glands typically leads to irreversible hair 
loss [68, 69].

DLE is one of the most frequent autoimmune causes of second-
ary scarring alopecia. It presents clinically with well-defined, 
erythematous plaques featuring scaling, follicular plugging, 
and central atrophy. Chronic scalp involvement leads to pro-
gressive follicular damage and scarring, often with dyspigmen-
tation and telangiectasia in longstanding lesions [68, 70, 71]. 
Histopathologically, DLE is characterized by interface dermati-
tis, basement membrane thickening, follicular plugging, and a 
periadnexal lymphocytic infiltrate [69]. These features contrib-
ute to the gradual fibrotic destruction of the follicular epithe-
lium, culminating in permanent alopecia.

Management of all secondary causes of alopecia includes ad-
dressing the underlying condition. Specifically, management of 
DLE centers on reducing inflammation and halting disease pro-
gression. Topical corticosteroids and calcineurin inhibitors are 
first-line treatments, while systemic therapies may be employed 
in more severe or recalcitrant cases [72].

Though not widely studied in secondary scarring alopecias, 
LLLT has shown early promise. A case report described sig-
nificant clinical improvement in a patient with recalcitrant 
DLE treated with LLLT, noting reduced erythema and scaling, 
improved skin texture, and partial hair regrowth [73]. These 
findings suggest that LLLT may exert anti-inflammatory and 
regenerative effects even in settings of autoimmune-mediated 
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scarring, though larger, broader studies are needed to confirm 
its role in this population.

5   |   Discussion

This review highlights the growing body of evidence supporting 
the role of LLLT as adjunctive or primary therapy for a range 
of alopecia subtypes and hair loss in general. Across the con-
ditions reviewed, LLLT has demonstrated varying degrees of 
efficacy, with the most robust evidence currently found in the 
treatment of AGA and AA. For scarring alopecias like FFA and 
CCCA, evidence is more limited, but results from preliminary 
clinical trials with dual wavelength LED therapy are promising, 
and other light-based therapies may aid in reducing symptoms 
and stabilizing disease when combined with anti-inflammatory 
treatments. In TA and TE, photobiomodulation may support re-
covery by stimulating follicular activity, though studies remain 
sparse.

While mechanisms differ by wavelength and device, light-
based therapy generally enhances scalp microcirculation, 
modulates inflammation, and promotes anagen phase entry. 
Despite encouraging results, the field is constrained by small 
sample sizes, inconsistent protocols, and a lack of long-term 
data. Additionally, some studies are directly sponsored by 
device manufacturers, which may present conflicts despite 
being published in peer-reviewed journals. Devices such as 
those that use dual-wavelength LED light caps show promis-
ing results in addition to (and perhaps secondary to) high com-
pliance rates. Given the promising results, clinicians should 
consider integrating light-based treatments into individual-
ized regimens, particularly for patients who seek alternatives 
to systemic therapies or have not responded to conventional 
treatments.

Future directions should prioritize well-powered, randomized 
controlled trials to establish standardized treatment parameters 
across devices and alopecia types. Studies should explore long-
term outcomes, combination therapies, and biological predictors 
of response to guide personalized treatment approaches.
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