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PERFORMANCE REFERENCE MANUAL

EXECUTIVE SUMMARY

This document provides a comprehensive comparative analysis of picosecond
(PS) and Q-switched (QS) Nd:YAG laser platforms for aesthetic dermatology.
Both modalities operate on the principle of selective photothermolysis yet
differ fundamentally in pulse duration, mechanism of action, and resultant
clinical profiles. The Q-switched platform delivers nanosecond pulses that
induce photothermal fragmentation of targeted chromophores, while
picosecond technology employs ultra-short pulses (10~ *2 seconds) that
generate a predominant photomechanical effect via laser-induced optical
breakdown (LIOB) and pressure wave generation. Recent split-face and
randomized controlled trials have established that while both platforms
demonstrate significant clinical efficacy for indications including photoaging,
melasma, and pigmentary disorders, they present divergent safety, tolerability,

and tissue response profiles that inform evidence-based device selection.



CLINICAL ARCHITECTURE & DESIGN PHILOSOPHY

The fundamental distinction between picosecond and Q-switched systems
resides in pulse duration engineering. Q-switched Nd:YAG lasers operate within
the nanosecond (10" ° s) domain, delivering energy pulses that induce rapid
thermal expansion and subsequent fragmentation of melanin granules through
photothermolysis. Fractional Q-switched platforms, such as the QSF-Nd:YAG,
employ holographic beam splitting technology that divides the planar beam
into either 25 or 81 smaller micro-beams, each possessing consistent energy

distribution for precise photothermal tissue modulation .

Conversely, picosecond Nd:YAG lasers operate within the sub-nanosecond to
picosecond (10~ *2 s) regime, generating pulse durations typically ranging

from 400 to 600 picoseconds . The picosecond platform utilizes microlens



arrays (MLA) or diffractive optical elements (DOE) to partition the beam into
high-fluence micro-columns, creating focal zones of intense energy against a
lower-fluence background . This architecture enables dual-mode action:
concurrent photothermal and photomechanical (LIOB) effects, which produce
more complete pigment fragmentation into sub-micron particles that are more

efficiently cleared by macrophages .

KEY INDICATIONS & COMPARATIVE CLINICAL EVIDENCE

Pigmentary Disorders

A retrospective comparative study of 131 patients with facial pigmentation
disorders demonstrated that 730-nm picosecond laser therapy achieved
significantly superior outcomes compared to 532-nm Q-switched Nd:YAG
treatment. The picosecond group exhibited greater reduction in post-treatment
pigmentation scores (2.55 + 1.11 vs. 3.82 + 1.45, p < 0.001) and a higher
improvement rate (56% + 10% vs. 38% + 9%, p < 0.001). Multivariate analysis
confirmed picosecond laser treatment as the strongest independent predictor

of treatment success (Adjusted OR = 4.85, 95% Cl 2.51-9.38, p < 0.001) .

Photoaging Management



A split-face study of 30 patients with facial photoaging undergoing five
treatment sessions revealed both fractional 1064-nm picosecond (FxPico) and
fractional Q-switched (QSF-Nd:YAG) lasers produced significant improvements
in wrinkles, pores, and skin texture (p < 0.001). No statistically significant
differences were observed in reduction rates of wrinkles (p = 0.805), pores (p =
0.943), or skin texture counts (p = 0.942). Histological examination confirmed
increased dermal collagen formation and improved elastic fiber alignment in
both groups, with picosecond treatment showing a more pronounced but

non-significant trend in collagen proliferation .

Melasma Treatment

In a prospective randomized double-blind split-face trial of 16 Asian women
(Fitzpatrick skin types Ill-1V) with melasma, both 1064-nm picosecond and
Q-switched Nd:YAG lasers demonstrated significant hemi-mMASI reductions
over time, with no statistically significant between-treatment differences
detected at any follow-up point. Notably, pain scores after the first treatment
session were significantly lower on the picosecond-treated side, suggesting

improved patient tolerability .

However, a separate evaluator-blinded trial of 40 participants (Fitzpatrick types

[l — IV) comparing Picosecond Alexandrite Laser (755 nm) with combined



Q-switched and long-pulse Nd:YAG (QLNYL) for melasma found that the QLNYL
group demonstrated significantly superior MASI score improvement overall (p

= 0.010), with a 0% recurrence rate at 24 weeks versus 10.5% in the picosecond

group .

PAIN PROFILE & SAFETY CONSIDERATIONS

Pain perception differs significantly between platforms. In the photoaging
split-face study, average Visual Analog Scale (VAS) scores for
QSF-Nd:YAG-treated areas were significantly lower (1.48 + 1.35) compared to
FxPico-treated areas (2.84 + 0.98, p < 0.0001) . Similarly, the melasma trial
comparing PSAL (755 nm) with QLNYL reported significantly higher pain scores

for the picosecond group (p = 0.018) .

Adverse event profiles: Both modalities demonstrate generally mild and
self-limiting adverse events. Erythema duration (FxPico: 3.70 + 1.19 days; QSF:
p = 0.184) and resolution of petechiae/pinpoint bleeding (p = 0.800) showed
no significant differences. Post-inflammatory hyperpigmentation (PIH) risk
varies by wavelength and technique; 532-nm picosecond with fractional
pigment toning technique demonstrated significantly reduced PIH incidence (8
— 36%) compared to conventional technique (64 — 96%) in solar lentigo

treatment .



COMPLIANCE & STANDARDS

Both picosecond and Q-switched Nd:YAG laser systems are Class IV medical
devices requiring adherence to international safety and performance standards.
The platforms incorporate integrated safety interlocks, temperature
stabilization systems, and emission monitoring for operational safety.
Compliance with IEC 60825-1 (Laser Product Safety) and relevant regional
regulations (FDA 21 CFR 1040.10, EU Medical Device Regulation 2017/745) is
mandatory for clinical deployment. Clinical protocols should incorporate
comprehensive pre-treatment assessment, including Fitzpatrick skin typing,
medical history evaluation, and informed consent documentation highlighting

modality-specific risk profiles.

TECHNICAL SPECIFICATIONS

Parameter Picosecond Nd:YAG | Q-Switched Nd:YAG
(1064nm) (1064nm)
Pulse Duration 400 - 600 ps Nanosecond (5-20 ns
typical)
Mechanism of Action Photomechanical (LIOB) | Photothermal
+ Photothermal (Subcellular Selective




Photothermolysis)

Beam Delivery

Microlens Array (MLA) /
Diffractive Opttical

Element (DOE)

Holographic Array Lens

(25/81 micro-beams)

Fluence (Fractional

Photoaging)

Lower fluence required
(comparable clinical

effect with less thermal

Higher fluence required

for collagen stimulation

diffusion)

Pain Score (VAS) Higher (2.84 + 0.98 for | Lower (1.48 + 1.35 for
FxPico, p<0.0001) QSF-Nd:YAG)

PIH Risk (Pigmentary) Significantly lower with | Higher with
FPT technique (8-36%) conventional technique

(64-96%)

Post-treatment

Erythema

370 1.19 days

(p=0.184 vs QS)

Comparable duration

Collagen Stimulation

Enhanced trend (not

statistically significant)

Effective neocollagenesis

CLINICAL PROTOCOLS & TREATMENT PARAMETERS

Treatment protocols require careful parameter selection based on indication




and skin type. For photoaging treatment using fractional 1064-nm platforms,
typical protocols involve five treatment sessions at two-week intervals (weeks 0,
2, 4, 6, 8), with follow-up evaluations at 1 and 3 months post-treatment . For
melasma management using 1064-nm platforms, three treatment sessions at
four-week intervals are common, with assessment at 1, 2, 3, and 6 months

post-final treatment .

Parameter selection considerations include fluence (typically lower for
picosecond platforms due to higher peak power), spot size (fractional systems
utilize micro-beam arrays for controlled tissue interaction), and cooling
optimization. Multi-pass techniques (e.g., two passes covering 40% area for
fractional pigment toning) may reduce PIH risk . Clinicians should note that
picosecond platforms generally require lower fluences than Q-switched
systems to achieve comparable clinical effect due to the ultra-short pulse

duration photomechanical advantage.

CLINICAL RECOMMENDATIONS

Evidence-based platform selection should consider the following factors: For
epidermal pigmentary disorders including solar lentigines and freckles,
picosecond lasers (particularly 730-nm wavelength) demonstrate superior

clearance rates and safety profiles compared to Q-switched alternatives . For



melasma management, while both platforms are effective, the lower recurrence
rate observed with combined Q-switched and long-pulse Nd:YAG in Fitzpatrick
types llI-1V suggests consideration of this modality for patients where relapse

prevention is paramount .

For photoaging treatment, both fractional picosecond and fractional
Q-switched 1064-nm platforms provide comparable clinical outcomes with
excellent safety, though picosecond may offer enhanced collagen stimulation at
the cost of increased intra-procedural pain . Clinicians should incorporate pain
management protocols for picosecond procedures. The significantly lower pain
scores associated with 1064-nm picosecond treatment in melasma patients

compared to  Q-switched suggests potential advantages for

tolerability-sensitive patient populations .




DISCLAIMER: This document is intended for informational and educational
purposes only. Clinical decision-making should be based on comprehensive
patient assessment, appropriate training, and manufacturer-specific device

guidelines.



