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Picosecond lasers

Versatile use of picosecond lasers
Since the development of picosecond lasers in 2012 for the 
optimization of tattoo removal treatments, many further indications 
have been found. This article gives an overview of the history of rapid 
development over the past 13 years and an outlook on the future of 
picosecond lasers.

P icosecond lasers are ultrashort-pulse 
laser systems characterized by pulse 

durations in the order of 10–12 seconds. 
This extremely short pulse width, signifi-
cantly shorter than the nanosecond (10–
9 s) pulses of earlier Q-switched lasers, 
allows picosecond devices to deliver ener-
gy with very high peak power in a brief 
timeframe.1 The mechanism of action is 
predominantly photomechanical (photo
acoustic) rather than photothermal; the 
rapid, high-intensity pulses shatter target 
chromophores (such as tattoo ink or mela-
nin pigment) into microscopic particles via 
acoustic shock waves, with minimal heat 
diffusion to surrounding tissue.1

By confining laser energy deposition to 
the target’s thermal relaxation time, pico-
second lasers achieve highly selective de
struction of pigment while sparing normal 
skin structures.2 In practical terms, this 
means greater precision in targeting un-
wanted pigmentation and less damage to 
adjacent tissue compared to traditional 
nanosecond lasers.3

In dermatology, these attributes trans
late into several significant clinical advan-
tages. Picosecond lasers have demonstrated 
superior efficacy in tattoo removal and pig-
mented lesion treatment. Studies have 
shown that picosecond-domain pulses can 
achieve equal or higher clearance of tattoo 
ink in fewer treatment sessions than nano-
second Q-switched lasers, with a lower risk 
of adverse effects.3 Resistant tattoo colors 
(especially blues and greens) can be more 
effectively cleared with picosecond de-
vices.4 Likewise, benign pigmented lesions 
such as nevus of Ota, melasma, and lentigi-
nes have been treated with picosecond la-
sers, although careful settings are needed 
to minimize post-inflammatory hyperpig-
mentation (PIH) in darker skin types.5

Beyond pigment removal, the picose-
cond platform has proven versatile for skin 
rejuvenation. Using special fractional 
diffractive lens arrays, picosecond lasers 
can create laser-induced optical break-
down (LIOB) microinjuries in the epider-
mis and dermis, stimulating new collagen 
and elastin production for improvement of 
acne scars, photoaged skin, and fine 
wrinkles.6 Clinically, dermatologists have 
observed that picosecond treatments for 
atrophic acne scars can produce compara-
ble improvement to traditional fractional 
ablative lasers but with reduced downtime 
and lower risk of complications, thanks to 
the picosecond’s low residual thermal da-
mage profile.6

As a recent review summarized, the ad-
vent of picosecond pulse technology repre-
sents a “breakthrough innovation in laser 
technology,” expanding the scope of laser 
treatments with encouraging results and a 
low incidence of adverse effects across a 
variety of dermatologic applications.1

History of picosecond laser

The development of picosecond laser 
technology in dermatology is rooted in 
decades of laser innovation. The first wor-
king laser was demonstrated by Theodore 
Maiman in 1960 using a ruby crystal me-
dium (694 nm), and shortly thereafter, 
dermatologic pioneers like Leon Goldman 
began experimenting with lasers for pig-
mented lesions.7 Early laser systems were 
continuous-wave or long-pulsed, often 
causing significant nonspecific thermal 
injury to skin.

A major turning point came in 1983 
with the introduction of the theory of 
selective photothermolysis by Anderson 
and Parrish.2 This principle held that op-

timal targeting of a specific chromophore 
(such as tattoo ink or melanin) could be 
achieved by using a pulse duration shorter 
than the thermal relaxation time of the 
target, thereby confining heat to the tar-
get and sparing surrounding tissue. Selec-
tive photothermolysis laid the scientific 
groundwork for Q-switched lasers, which 
deliver nanosecond-scale pulses and be
came the standard for tattoo removal and 
pigment treatments through the late 20th 
century. Q-switched ruby, alexandrite, 
and Nd:YAG lasers (with pulse durations 
in the 5–100 ns range) were widely adop-
ted in the 1980s and 1990s, dramatically 
improving outcomes compared to earlier 
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KEYPOINTS
	$ Picosecond lasers represent a 

breakthrough evolution in 
dermatologic laser techno-
logy, offering ultrashort photo-
mechanical pulses that pro-
vide precise pigment targeting 
with less collateral damage —
building upon decades of 
innovation since the era of 
Q-switched lasers.

	$ Picosecond lasers are now 
well-established for tattoo 
removal and benign pigmen-
ted lesions, and have gained 
increasing evidence for use in 
melasma, skin rejuvenation, 
and acne scar revision, espe
cially in darker skin types due 
to their favorable safety 
profile.

	$ Next-generation picosecond 
systems with shorter pulse 
durations, expanded wave
lengths, and advanced optical 
components are poised to 
further refine treatment preci-
sion, enabling safer, more per-
sonalized therapies across a 
broader spectrum of dermato-
logic concerns.
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continuous lasers.8 However, some tattoo 
inks remained difficult to eradicate, and 
excessive thermal injury could still occur.

This prompted the development of even 
shorter pulse durations. The concept of 
producing picosecond pulses was enabled 
by advances in mode-locking techniques 
and laser media during the late 20th cen-
tury.1 By the mid-1990s, experimental la-
sers were capable of generating picose-
cond-range pulses, and around 1998, re
searchers reported that experimental pi-
cosecond lasers could clear tattoo ink 
more efficiently than nanosecond devices, 
causing greater fragmentation with less 
collateral damage.9 These trials confirmed 
theoretical advantages, but clinical de
ployment required further refinement in 
energy delivery and stability.

A pivotal moment came in 2012, when 
the U.S. FDA granted 510(k) clearance for 
the first picosecond laser for aesthetic 
use—the 755 nm Alexandrite system (Pi-
coSure®, Cynosure Inc., Westford, MA, 
USA). This device demonstrated faster 
and more complete tattoo clearance, espe-
cially for difficult colors like green and 
blue.4 Other wavelengths soon followed, 
including 532 and 1064 nm from Nd:YAG 
sources, broadening clinical applications. 
Around 2014–2015, fractional picosecond 
handpieces (e.g., diffractive lens array, 
microlens array [MLA]) were introduced, 
allowing picosecond lasers to target the 
dermis non-ablatively, stimulating colla-
gen remodeling without significant ther-
mal injury.6 This innovation greatly ex-
panded applications to include acne scars, 

wrinkles, and skin texture improvement.
Today, picosecond lasers are widely 

used in dermatology as highly precise and 
safe tools. Their evolution – from ruby la-
sers to nanosecond Q-switched devices, 
and finally to picosecond systems – illus-
trates the continuous refinement in laser 
medicine, driven by a desire for selective 
targeting and reduced downtime.1

Indications

Picosecond laser technology was initi-
ally introduced to optimize tattoo removal, 
and it has since been applied to a broa-
dening range of dermatological conditions. 
A comprehensive systematic review pub
lished in 2020 in Lasers in Surgery and Me-
dicine evaluated over 200 studies and pro-
posed evidence-based guidelines for clini-
cal picosecond laser use.10 According to 
this review, picosecond lasers have level 1 
evidence support for tattoo removal and 
varying levels of evidence (levels 1–4) for 
treating benign pigmented lesions, along 
with level 2 evidence for skin rejuvenation 
and melasma, and level 2–3 evidence for 
scar revision.

Tattoo removal

Tattoo removal remains the original and 
most well-established indication for picose-
cond lasers. Compared to traditional nano-
second Q-switched devices, picosecond 
755 nm alexandrite and 1064 nm Nd:YAG 
lasers fragment tattoo ink more efficiently, 
achieving faster clearance in fewer sessi-

ons. For example, a 2024 prospective study 
in 20 Fitzpatrick IV patients observed 
∼ 60 % clearance of black tattoos after two 
picosecond 1064 nm laser sessions, with no 
scarring or pigmentary loss.11 Typical 
treatment intervals are 6–8 weeks. Tran
sient erythema, edema, and pinpoint blee-
ding are common side effects, but the risk 
of lasting hypopigmentation or textural 
change is low.12 Today, picosecond lasers 
are considered the gold standard for laser 
tattoo removal (level 1a evidence), reflec-
ting strong consensus on its superior effi-
cacy and safety compared to older Q-
switched methods.

Recent techniques involve multiple-pass 
treatments (R0/R20 methods) with perflu-
orodecalin patches, significantly accelera-
ting tattoo pigment clearance and reducing 
overall treatment sessions without in
creased skin damage.13

Melasma

Several studies continue to evaluate the 
nuanced role of picosecond lasers in the 
management of melasma. A 2023 meta-
analysis of six randomized controlled trials 
(RCTs), primarily in Asian populations, 
demonstrated that picosecond lasers — par-
ticularly at the 1064 nm wavelength 
(Nd:YAG) — significantly reduced modified 
Melasma Area and Severity Index (mMA-
SI) scores without serious adverse effects. 
Subgroup analysis confirmed that 1064 nm 
picosecond lasers were both safe and effec-
tive for melasma treatment, while the 
755 nm alexandrite picosecond laser 
showed no significant advantage over to-
pical depigmenting agents and was asso
ciated with a higher incidence of PIH.14

To improve outcomes with the 755 nm 
wavelength, recent investigations have ex-
plored combination regimens.15, 16 In par-
ticular, the adjunctive use of topical 
tranexamic acid with a 755 nm picosecond 
alexandrite laser has shown superior effi-
cacy in reducing melasma severity and 
enhancing patient satisfaction compared to 
monotherapy or regimens involving hydro-
quinone. This combination also demon
strated a favorable safety profile with a 
reduced risk of PIH, an important consider
ation in patients with darker skin types.

The FDA’s 510(k) clearance of the Pico-
Sure® Pro (Cynosure Inc., Westford, MA, 
USA) in March 2021 for melasma manage-
ment reflects growing regulatory confi

Abb. 1a/b: Before and after 10 weekly treatments with a picosecond laser
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Abb. 2a/b: Before and after one treatment with a picosecond laser (one month later)
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dence in the safety of picosecond lasers for 
deeper pigmentary disorders and allows 
for on-label use.17 However, despite this 
advancement, the role of picosecond lasers 
remains adjunctive rather than primary. 
Melasma is a chronic, relapsing condition 
with multifactorial pathogenesis, and la-
ser-induced inflammation can exacerbate 
pigmentation if not carefully controlled.

A 2020 systematic review classified pi-
cosecond laser treatment for melasma as 
level 2b evidence, underscoring the need 
for caution.10 Further, a 2022 systematic 
review and meta-analysis by Lai et al. 
found that while picosecond laser therapy 
led to some clinical improvement, it did not 
yield statistically significant reductions in 
MASI scores when compared to non-laser 
controls, reinforcing the conclusion that 
laser monotherapy provides modest and 
often inconsistent results.18

Given this, current consensus favors in-
corporating picosecond lasers into a mul-
timodal treatment regimen, often inclu-
ding topical tyrosinase inhibitors, strict 
photoprotection, and adjunctive measures 
such as oral tranexamic acid or fractional 
thulium lasers. Patient education and ex-
pectation management remain critical, as 
melasma often requires long-term main-
tenance, and the risk of rebound hyperpig-
mentation persists.

Skin rejuvenation and pore 
reduction

Fractional picosecond lasers have 
gained popularity for skin rejuvenation 
and pore tightening, known as a “lunch
time procedure” due to minimal down
time. By using intradermal laser-induced 
cavitation (LIC) and LIOB, skin remodeling 
is encouraged and collagen production is 
stimulated (evidence level 2a).6 A 2025 
study in a Vietnamese cohort supports cur-
rent indications for picosecond lasers by 
showing their safe and effective use in me-
lanin-rich skin for facial rejuvenation. The 
fractional 1064 nm Nd:YAG picosecond 
laser demonstrated significant improve
ment in wrinkles, pigmentation, and skin 
texture as early as one-month post-treat-
ment and sustained significant improve
ments at three months.19

Complementing these findings, a 2024 
split-face RCT comparing the fractional 
1064 nm picosecond laser with a 1565 nm 
nonablative fractional laser reported equi-

valent pore size reduction and patient sa-
tisfaction after three sessions but notably 
less pain with the picosecond treatment. 
There was no significant difference in PIH 
occurrence.20 Clinical experience suggests 
that fractional picosecond treatments can 
achieve moderate improvements in skin 
tone and texture, although results may not 
be as dramatic as with aggressive ablative 
lasers. One advantage observed is an im-
proved side-effect profile compared to tra-
ditional non-ablative fractional lasers.21 
Specifically, picosecond fractional lasers 
tend to cause less PIH and less procedural 
pain, which is especially important for pa-
tients with darker skin types who are at 
higher risk of pigmentary side effects. The 
downtime is minimal — often limited to 
mild redness for a day or two and pinpoint 
bleeding. This contrasts with some older 
resurfacing lasers that may induce more 
prolonged erythema or swelling. 

Atrophic acne scars

Significant advancements occurred in 
treating atrophic acne scars with fractional 
picosecond lasers. A 2023 split-face RCT 
comparing fractional 1064 nm Nd:YAG pi-
cosecond laser (MLA) with 2940 nm abla-
tive fractional Er:YAG laser showed com-
parable scar improvement based on ECCA 
and IGA scores in Asian patients. The pico-
second laser demonstrated lower pain, 
shorter recovery periods, as measured by 
the duration of crust shed and edema, and 
significantly lower PIH incidence.22

Moreover, a 2023 pilot study estab
lished the safety of using picosecond lasers 
concurrently with oral isotretinoin, sug
gesting the feasibility of early acne scar 
intervention even during ongoing low-
dosed isotretinoin therapy without in
creased scarring risk. It was a split-face 
study, with one randomly chosen side of 
the face being treated with fractional pico-
second 106 nm Nd:YAG Laser and the other 
side being left untreated as control. There 
was a significant improvement in the ECCA 
score as seen on the treated side, with no 
adverse effects having been reported.23

Benign pigmented lesions

Newer advances include the clinical in-
troduction of the 730 nm Ti:Sapphire pico-
second laser, FDA-commercialized around 
2020 and initially validated for multicol

ored tattoo removal. It delivers pulse dura-
tions as short as 240–250 ps — among the 
shortest in the picosecond domain at that 
time. Since then, multiple studies have 
demonstrated its safety and efficacy in 
treating a broad spectrum of benign pig-
mentary disorders, including lentigines, 
freckles, café-au-lait macules (CALM), me-
lasma, and nevus of Ota, across various 
skin types with minimal adverse ef-
fects.24, 25 A 2025 large-scale Asian study 
further expanded its clinical indications, 
reporting significantly greater clearance 
(∼ 88 %) and patient satisfaction (∼ 94 %) 
in acquired dermal melanocytosis (ADM) 
compared to traditional 1064 nm lasers, 
positioning the 730 nm Ti:Sapphire picose-
cond laser as a highly effective modality 
for pigment-targeted treatment in mela-
nin-rich skin.26

Nevus of Ota
Picosecond lasers are considered a first-

line treatment for nevus of Ota, supported 
by high-level evidence (level 1b). Multiple 
studies have reported significant pigment 
clearance in these bluish dermal patches. 
For instance, a large retrospective study in 
2024 treated 305 pediatric nevus of Ota 
patients with a 755 nm picosecond alex-
andrite laser, achieving on average ∼ 79 % 
clearance after about two sessions.30 The 
majority of patients had excellent respons
es, and the treatment was deemed safe and 
effective, even in children. This under
scores that picosecond laser is highly effec-
tive for nevus of Ota, with better outcomes 
seen when treatment is started at younger 
ages and for darker lesions.27

Hori’s macules
These bluish-brown patches on the 

cheeks, which are common in Asian skin, 
are closely related to nevus of Ota. Picose-
cond lasers also serve as a first-line therapy 
for Hori’s macules, with outcomes similar 
to the treatment of nevi of Ota. Patients 
typically achieve significant fading of the 
macules after a series of picosecond laser 
sessions. 

Solar lentigines
Studies show high clearance rates and 

patient satisfaction for lentigines treated 
with picosecond pulses (evidence level 2b). 
However, the advantage of picosecond over 
nanosecond Q-switched lasers in lentigines 
is less clear. Some comparative data suggest 
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that both picosecond and nanosecond la-
sers achieve similar outcomes for these su-
perficial brown spots.10 In practice, picose-
cond lasers remove lentigines with minimal 
downtime, but clear superiority in efficacy 
over older Q-switched devices has not been 
definitively proven for this indication.

Freckles
Likewise, freckles have been treated 

with picosecond lasers with good success 
(level 2b evidence). A 2024 pilot study 
using 730 nm showed substantial clear
ance (∼ 74.5 %) in twelve Chinese patients 
after just one session, high aesthetic 
improvement scores, minimal pain, and 
negligible adverse effects.28 As with lenti-
gines, the efficacy is comparable to nano-
second laser treatments, so picosecond 
lasers are a safe and effective option, but 
not necessarily dramatically better than 
traditional methods in terms of final out-
come. They do, however, offer the benefit 
of shorter pulse duration which might re-
duce collateral damage and potentially 
lower the risk of post-inflammatory chan-
ges in susceptible individuals. 

Café-au-lait macules (CALM)
These congenital light-brown patches 

have been treated with picosecond lasers 
with mixed results. The evidence is rela
tively low, consisting of small case series 
and anecdotal reports. Some patients expe-
rience partial fading of café-au-lait spots 
with picosecond laser sessions, but complete 
clearance is variable, and recurrence can 
occur. Due to the patches’ epidermal nature 
and potential recurrence, treatment of 
CALMs remains challenging, and evidence 
for picosecond laser efficacy is not robust in 
this area. Picosecond lasers are used off-la-
bel with cautious optimism in select cases.

Technological innovations

Emerging technologies introduced 
shorter pulse durations (∼ 250 ps) and 
higher peak power (up to 2 GW), signifi-
cantly enhancing pigment fragmentation 
efficiency with reduced thermal side ef-
fects.29 Newer picosecond laser platforms 
incorporate multiple wavelengths 
(532 nm, 595 nm, 660 nm, 1064 nm) and 
dual pulse durations (nano- and picose-
cond modes), providing versatility and 
improved treatment outcomes across di-
verse indications.29

Additionally, advanced optical elements 
like diffractive optical elements (DOE) and 
MLAs have been further refined, allowing 
customized depth and energy distribution 
for various skin conditions, from deep acne 
scars to superficial pigmentary issues.17

Conclusion

Technical development of picosecond 
lasers is ongoing, with further advance-
ments anticipated in the near future. The 
possible applications of picosecond lasers 
are extremely diverse, and they therefore 
represent a sensible extension of the classic 
laser therapy spectrum. In particular, they 
offer a safe and effective treatment option 
for patients with skin of color – populations 
historically more vulnerable to PIH. As evi-
dence accumulates and indications ex-
pand, picosecond lasers are poised to play 
an increasingly central role in personal
ized, minimally invasive aesthetic and the-
rapeutic dermatology.� ◼
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