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Visible-light therapy (VLT) is commonly used for various skin diseases, mostly as a second-line option. Likewise, it plays a

primary or adjunctive role in the clinical management of pigmentary disorders. In the treatment of pigmentary disorders,

there are three primary types of visible-light therapies utilized: laser, intense pulsed light (IPL), and LED therapy. Each

type of light has unique features and mechanisms that cater to different skin conditions and disorders.
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1. Laser-Emitting Lights in the Visible Range

Visible lasers are a class of laser devices that emit light in the visible-spectrum region, containing pulsed dye laser (PDL),

copper vapor laser, potassium titanyl phosphate laser (KTP), helium-neon (He-Ne), ruby laser, argon laser and krypton

laser . As a coherent light, laser has the advantages of high intensity, low divergence, and precise control over the

amount and location of skin heating , which makes it an ideal method for treating skin diseases based on the principle of

selective photothermalmolysis .

While PDL was initially designed for cutaneous vascular disorders, recent studies have shown that 595 nm and 607 nm

PDL can also be used to treat benign epidermal pigmented lesions (EPLs) . And 585 nm and 595 nm PDL

have also been found to be effective in improving melasma lesions that exhibit increased vascularity, with or without the

combination of other therapies .

Another type of laser that is highly specific for vascular lesions is copper vapor laser, emitting a dual wavelength

comprising 10% 511 nm and 90% 578 nm, which is at the proximity of the absorption peak of hemoglobin .

Nonetheless, the dual-wavelength copper vapor laser shows great efficacy in eliminating congenital melanocytic nevi

(CMN) , yet demonstrates less efficacy in treating melasma patients , except for those with pronounced vascular

abnormality .

The KTP laser, also known as the (Q-switched) Nd:YAG double-frequency 532 nm laser, is another type of laser that has

been proved effective in treating EPLs, such as ephelides or solar lentigines , physiological lip

hyperpigmentation (PLH) , and even tattoos . When combined with IPL, it has been successful in treating

postoperative inflammatory hyperpigmentation .

The 633 nm He-Ne laser emitting red light is a popular choice for low-level light therapy (LLLT), and has been found to be

effective for vitiligo. Yu et al. discovered that low-energy He-Ne lasers (632.8 nm) enhance melanocyte migration and

proliferation, and even rescue damaged melanocytes, creating a positive microenvironment for repigmentation . The

same group also investigated the molecular mechanism and biological effects of the low-energy He-Ne laser on pigment

cells at different maturation stages. They found that the laser induced differentiation and mitochondrial biogenesis of

primitive pigment cells through calcium-dependent mitochondrial retrograde signaling , as well as stimulating the

differentiation of immature melanoblasts through enhanced pp125FAK expression and the melanogenesis of more mature

melanoblasts . Furthermore, they explored the role of the low-energy He-Ne laser in melanocytes, and demonstrated

enhanced functional melanocyte proliferation via increased expression of ɑ2β1 integrin and increased attachment to

collagen IV . These studies provide a solid theoretical basis for understanding how low-level laser therapy induces

repigmentation in vitiligo. Clinical evidence also supports the application the of low-energy He–Ne laser in treating

segmental-type vitiligo, with an effectiveness comparable to conventional therapies .

Interestingly, red light can also be used as an effective and safe modality for further depigmentation of vitiligo. The

cosmetically disturbing remnants of normal pigmentation in patients with vitiligo whose skin has been almost depigmented
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on the whole can be removed by the Q-switched 694 nm Ruby laser (QSRL) . The QSRL is particularly effective for

treating benign pigmented diseases, such as tattoos, nevus of Ota and ephelides, due to its high absorption by melanin

. While QSRL was previously believed to be ineffective in treating melasma , recent studies with small

sample sizes have demonstrated its efficacy . Similarly, the Q-switched 755 nm Alexandrite laser (QSAL) can also

be used to treat a variety of superficial and deep hyperpigmented diseases such as nevus of Ota/Ito, tattoos, café au lait

macules and melasma . QSRL and QSAL are considered the best choices as phototherapy for treating dermal

pigmented lesions by Bogdan et al. . Yet the newly developed picosecond laser with higher efficiency in pigment

removal and less thermal damage is worthy of consideration .

Taken together, the visible laser can attenuate or eliminate hyperpigmentation to a certain extent, except for the He-Ne

laser, which is usually used for depigmentation. Among them, the PDL and copper vapor laser are classic modalities for

vascular lesions, with recently discovered use in benign EPLs and melasma with a vascular component. KTP can tackle

both epidermal and dermal hyperpigmentation, with a better effect on the former. QSRL and QSAL are best applied in

dermal hyperpigmentation, but also have solid efficacy on EPLs, with new findings relating to melasma treatment that may

renew the conventional views.

2. Intense Pulsed Light (IPL)

IPL is a polychromatic and noncoherent light released by a high-energy tritium flashlamp under high voltage, featuring

high intensity, a relatively concentrated wavelength, and a wide and tunable pulse width. The IPL spectrum primarily falls

in the range of 500–1200 nm, and can be selectively filtered by filters based on the skin type and lesions. IPL also works

based on the principles of selective photothermalmolysis effects, as does laser . Clinical studies have demonstrated

that IPL is capable of effectively decreasing melanin production and accumulation at the cellular level, making it a suitable

treatment option for various types of hyperpigmented skin conditions .

IPL has been proven effective in treating lentigines, ephelides, poikiloderma of Civatte and other epidermal

hyperpigmentation, as well as benign melanocytic nevi such as Becker’s nevus . However, it should be

noted that the Q-switched laser still remains the preferred choice in light therapy for treating benign pigmented lesions.

Furthermore, IPL is not a viable solution for tattoo removal, as it lacks the ability to perform Q-switching in incoherent light

sources .

In the treatment of melasma, IPL has demonstrated superior efficacy when compared to laser treatment. In a split-face

comparative study conducted by Hassan et al., IPL was observed to more effectively lighten epidermal melasma and

melasma lesions with vascular alteration, in comparison to PDL . Li et al. also demonstrated that IPL was ideal for

melasma treatment with minimal and acceptable adverse events , which is consistence with Yi’s conclusion . In

addition to skin brightening, IPL has been popularly employed for skin rejuvenation, owing to its remarkable efficacy in

addressing photoaging concerns .

3. Light-Emitting Diodes (LEDs)

LEDs emit incoherent light with a narrow spectrum and low intensity, which induces a mild effect on cells for regulating

biological activity, rather than a thermal or exfoliative effect. This process is referred to as photomodulation or

photobiomodulation (PBM), also known as LLLT . A vast array of LED semiconductor materials has been available at

lower wavelengths, and research over the past decade suggests that LED therapy is more suitable than laser therapy for

LLLT, due to its mild output and convenient accessibility . LED therapy using VL for pigmentary disorders has been a

controversial approach, but recent studies have shed light on its potential application in melasma (Figure 1).

[30]

[31][32][33][34][35][36] [37]

[38][39][40]

[35][41][42][43]

[8]

[44][45]

[46]

[47]

[4][48][49][50][51][52][53]

[54]

[12]

[55] [56]

[57]

[58]

[59]



Figure 1. The mechanism of LED phototherapy for hyperpigmentation disorders.

As previously mentioned, 585 nm yellow LED light has been showed to inhibit melanogenesis in melanocytes by the

inducing of autophagy . This series of experimental data is consistent with Mpofana’s study, in which 633 nm-LED

combined with 830 nm-LED exposure significantly ameliorated melasma in patients with skin types V and VI . 

From another point of view, phototherapy using LED to treat skin photoaging is increasingly prevalent. Lee et al.

conducted a prospective split-face clinical study on LED phototherapy for skin rejuvenation, and indicated an altered

enzymatic activity related to dermal matrix remodeling, as well as a reduction in melanin content after irradiation with 633

nm red LED . Moreover, 590 nm-LED or 660 nm-LED therapy increased collagen and decreased MMP-1 activity in the

dermis, with pigmentation reduction , suggesting a novel perspective for LED therapy to tackle melasma,

which is now defined as a photoaging disorder .

While yellow and red LEDs are promising for treating disorders of hyperpigmentation, LED blue light has been applied for

vitiligo repigmentation. Research indicates that blue LED, combined with Buddleja officinalis, can be used to treat vitiligo

through induced melanin production by promoting melanogenic signaling, in addition to CREB/MITF/TYR pathways . A

retrospective study also demonstrated that 417 nm blue LED induced repigmentation in 30 patients with localized vitiligo,

of varying ages and different skin types . Despite the relatively small sample, these results encouraged the utilization of

LED on melanin-deficiency skin diseases.

Of note, LED treatments have the special advantages of high safety and convenience with fewer side effects, yet well-

designed studies with larger sample sizes and repeated measures of response are sorely lacking and highly required.

LED can be applied in disorders of hyperpigmentation treatment by directly affecting melanin production through various

pathways or by alleviating the photoaging process, including antioxidant enzyme and collagen I production. Red cross

refers to inhibition; Red arrows refer to upregulation or downregulation. ROS, reactive oxygen species; MMP, matrix

metalloproteinase; PIP, phosphatidylinositol phosphate; PI3K, phosphatidylinositol 3-kinase; mTOR, mammalian target of

rapamycin; SCF, stem cell factor; VEGF, vascular endothelial growth factor; By figdraw.
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