Technical White Paper: The Photomechanical Revolution in Picosecond Laser
Dermatology

1. Executive Introduction: The Evolution of Laser Pulse Chronometry

The landscape of dermatological laser technology has undergone a strategic shift in laser-
tissue interaction chronometry, moving from the legacy of millisecond and nanosecond
domains to the high-precision picosecond regime. In the clinical management of dermal
pigments, pulse duration has emerged as the primary determinant of both thermodynamic
outcomes and patient safety. Traditional long-pulse systems relied on the accumulation of
thermal energy, which frequently led to non-specific heating of adjacent tissue. In contrast,
modern picosecond methodology prioritizes "The Science of Precision," where the kinetics
of energy delivery dictate the clinical result. The fundamental objective of contemporary
pigment removalis a transition from generalized bulk heating of the dermis to the localized,
high-precision targeting of exogenous ink particles. By manipulating the physics of time—
specifically by delivering energy at rates that exceed the target's ability to dissipate heat—
practitioners can shift the biological response from thermal coagulation to mechanical
disruption. This evolution drastically reduces the risk of thermal collateral damage, such as
scarring or permanent dyschromia, marking a definitive departure from thermal-dominant
models toward a kinetic driver of fragmentation.

2. Quantifying the Picosecond: The Physics of Ultra-Short Pulse Durations

In the field of laser physics, the picosecond (one trillionth of a second) is the critical unit of
measure for achieving "thermal confinement." For a laser pulse to be effective without
damaging surrounding skin, it must be shorter than the Thermal Relaxation Time (TRT) of
the target pigment. The TRT is the time required for a target to lose 50% of its heat to its
surroundings. Because tattoo ink particles are microscopic, their TRT is extraordinarily
brief.When energy is delivered within the picosecond domain, it is sequestered entirely
within the pigment before it has the opportunity to conduct into the surrounding dermal
structures. This temporal containment ensures that the energy is utilized for pigment
disruption rather than peripheral heating. By operating on a time scale significantly shorter
than the TRT, picosecond lasers achieve a high degree of selective photothermolysis that
nanosecond (Q-switched) lasers cannot replicate, as the latter often allow for undesirable
thermal spread.| Pulse Duration Category | Energy Spread | Primary Interaction Type || ------
| ------ | ------ || Longer Pulse Durations | Significant thermal conduction to surrounding
tissue | Photothermal (Heat-based) || Picosecond Pulses | Precise thermal confinement
within targeted pigment | Photomechanical (Mechanical-based) |



This precision in energy confinement enables a transition from temperature-based
degradation to a process characterized by intense, localized mechanical stress.

3. Mechanics of Fragmentation: Photomechanical vs. Thermal Effects

The strategic advantage of picosecond technology is the generation of the "photoacoustic”
or "photomechanical” effect. While older generations of lasers functioned through a
"burning" mechanism—slowly heating ink until it reached a threshold of degradation—
picosecond systems utilize a "fracturing" mechanism. This is achieved through rapid
thermal expansion, where the nearly instantaneous rise in internal temperature creates
high-pressure acoustic transients. These shockwaves shatter the ink particles from within.
This process is fundamentally governed by the relationship of Peak Power ( $P = E/t$ ). By
reducing the denominator ( $t$ , time) to a trillionth of a second, the resulting Peak Power (
$P$ ) becomes an order of magnitude higher than that of nanosecond systems, even when
utilizing lower total energy levels ( $E$ ). This high-intensity interaction causes the ink to
fragment into progressively smaller, "dust-like" particles. Because this interaction is a
kinetic driver of fragmentation rather than a purely thermal event, the system avoids the
inflammatory trauma associated with heat transfer, focusing instead on the structural
disintegration of the pigment.

4. The Synergy of Wavelength and Selective Targeting

While pulse duration provides the mechanical force, wavelength selection serves as the
steering mechanism for clinical success. Pulse duration alone is insufficient; the light must
be of a wavelength that is optimally absorbed by the target chromophore. Selective
targeting requires a sophisticated synchronization of the laser’s emission spectrum with
the absorption characteristics of the ink.

¢ Black Pigment: This remains the most responsive chromophore, as it exhibits a
broad absorption spectrum across most laser wavelengths.

¢ Multicolored Pigment: These present a complex clinical challenge. Red, green,
and blue pigments have narrow absorption peaks, necessitating a multi-wavelength
approach to ensure that the photomechanical effect is triggered within each
specific color.The efficacy of "Selective Targeting" is the result of seven intersecting
variables:

1. Wavelength: Aligned for peak absorption by the specific ink color.

2. Pulse Duration: Compressed to ensure thermal confinement and photoacoustic
stress.

3. Energy: Calibrated to exceed the fragmentation threshold of the particle.



4. Spot Size: A critical factor in determining the depth of penetration; larger spot sizes
reduce light scattering, ensuring energy reaches the Pigment Depth .

5. Pigment Color: The primary variable dictating wavelength requirements.

6. Pigment Depth: Influences the choice of spot size and energy density (fluence) to
reach deeper dermal layers.

7. Skin Characteristics: Individual melanin levels and tissue thickness that require
parameter modulation to protect the epidermis.Once this complex matrix of factors
is aligned to fracture the pigment, the onus of removal shifts to the body’s
endogenous systems.

5. Post-Fragmentation Dynamics: Biological Processing and Recovery

The laser serves as the catalyst for destruction, but the actual clearance of the inkis a
secondary biological phase. Following the mechanical fragmentation of the ink into micro-
particulates, the body’s immune system—specifically macrophage activity—begins the
process of phagocytosis and lymphatic clearance. This explains why clinical fading is a
progressive event occurring over weeks rather than an instantaneous disappearance upon
irradiation. Strategic recovery intervals are essential to this individualized treatment model.
These windows allow for the resolution of transient inflammatory responses and, more
importantly, provide the necessary time for the lymphatic system to transport fragmented
debris away from the site. Attempting to treat without sufficient intervals is counter-
productive, as the body requires time to "clear the field" before the laser can effectively
target the remaining, deeper layers of pigment.

6. Clinical Progression and the Individualized Treatment Model

As a tattoo undergoes successive treatments, the target itself is in a state of flux, requiring
the medical physicist or clinician to adapt laser parameters dynamically. Initial sessions
target dense, superficial pigment concentrations, while subsequent sessions must address
deeper, more sparse particles that have survived previous passes.

e Professional vs. Amateur Tattoos: Professional tattoos typically feature high
pigment density and standardized depths, requiring high peak power and consistent
pulses. Amateur tattoos, conversely, often exhibit irregular depths and
heterogeneous ink compositions, necessitating the flexibility to adjust fluence and
wavelength mid-session.

¢ The Discovery PICO Advantage: Platforms like the Discovery PICO are the
physicist’s choice because of their pulse stability and the ability to maintain
exceptionally high peak power across multiple wavelengths (e.g., 532nm and



1064nm). This stability ensures that as the pigment density diminishes, the laser
can still deliver sufficient mechanical stress to fragment the remaining particles.
This individualized approach recognizes that tattoo removal is an evolving clinical
process rather than a static procedure.

7. Conclusion: The New Standard in Dermal Pigment Management

The transition from thermal to photomechanical effects represents the definitive
advancement in clinical tattoo removal. By prioritizing ultra-short pulse durations that
achieve thermal confinement, picosecond technology maximizes pigment fragmentation
while virtually eliminating the thermal risks that once defined the field. This synergy
between light physics, wavelength selection, and the body’s natural biological response
has established a new gold standard for both efficacy and dermal integrity. The Science of
Precision: Summary Successful management of dermal pigments is no longer a matter of
maximizing raw power, but of mastering the relationship between pulse chronometry and
selective targeting. The photomechanical revolution ensures that energy is delivered with
trillionth-of-a-second accuracy, transforming tattoo removal into a controlled, high-
precision clinical discipline that respects the delicate balance of human physiology.



